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INTRODUCTION 

When I first arrived in the Hawa i ian Islands o n a teach 

ing assignment in 1970 I naively expected to be greeted by a 

landscape clothed in the native flora. Instead, what I saw as 

I left t he airport was a collage of introd uc ed spe cies which 

I took to be natives. It was not long before I realized the 

error(interestingly , one of the first courses I was to teach 

was entitled "Plan ts and Animals of Hawaii'' , a little surprise 

for the man fresh off the boat.) Curiously , I had to t rave l 

2,300 miles from my n a tive California to be made aware of 

something that had s o bla t antly surro unded me all my life : 

that human habitations tend to assemb l e communities of exotic 

organisms. One look a t any neigh borhood garden with its many 

ornamentals should confirm this. 

Wi th such a varie t y of exotic organisms living some 

what un restrained in eac h town i t is perhaps surprising that 

so few of them are able to invade the surround ing natural 

areas. It may be generally suggested that these organisms 

are being maintained under artifi c i al conditions so th a t 

some as pect of the physical e nvironment is supplied or c on 

trolled(~ · S · wate r ) or that biological interactions are con

trolled(~· S · parasites, h e rbivore s , e tc . ) thereby permitting 

the existence of the exotics . Occasio nally a few of these 

species are able s u ccessfaliy tij inv a de natural areas , in 

so me cases with dramatic results . Interestingly this tends 
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to occur more often on islands or remote continents(~ .~- Haw

aii, Australia). The reasons for these s ucces s ful invasions 

are often unclear, but seem most often to include freedom 

from predators and paras ites , available niches, reduced com

petition , e tc. Predicting such s uccess appears even more 

difficult, yet it is becoming increasingly important that we 

be able to do so , particularly when evaluating the potential 

of agricultural pests and biological controls. 

Let me take a moment at this time to define a few terms. 

I will take invas ion to mean the appearance of a population 

of a species in an area wh e re it hitherto had not occurred, 

and introduction to mean an invasion wh ere humans have been 

the agent of dispersal. A successful invasion would mean that 

a relative ly s table, reproducing population has become estab

lished. 

As already menti o ned, the factors that affect the suc

cess of an invasion are often unclear, as evaluations of wild

life introductions (levi,1952) and biological controls(Krebs, 

1978) testify. This mak e s generalizations about invasions 

difficult , even with the advan t age of hindsight(Wilson,19 65) . 

For this reason most workers h ave chosen to study i nvasions 

by examining specific cases(Eg ler,1942; Fisher ,1 94 B; Elton , 

1958; Morley & Katznelson ,1 965 ; Hairston rt . al ., 1968) . My 

approach in this paper will be essentially the same, however , 

I will begin by looking at some of the ecological factors 

that potentially affect invasions, and then attempt to apply 

these in an evaluation of a srecific case : that of the intro-
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duction of Rhithropanopeus harrisii(Gould) to some of the est

uaries on the Pacific Coast of North America. 

GENERAL PATTERNS I N INVASIONS 

Generalizations about invasions are difficult to come by . 

Wilson(1965) notes that even with the advantage of hind s ight 

we can make f e w useful generalizations. This may be because in 

each specific case th e success of the invasion wa s affected by 

combinations of ecological interactions, many of which remain 

obscure, Simpson( 1953) suggested that the succes s of an inva

sion was ·basically one of access : p hysical, evolutionary, and 

ecological. Ob viously an organism cannot invade a new zone i f 

it cannot get there fi r s t; it must have physical access. Evol 

u tiona ry access means t ha t the organism must have at least min

i mal adapta tions (preadaptation, if you will) to the environ 

mental cond ition s it will meet. Ecologi ca l access refers t o 

the presence of an adaptive zone(niche) which i s ei th e r vacant 

or occupied by competitively inferior organisms. As you can 

see, these criteria include most of the possible ecological 

interactions. In the following sections I wi ll outline some 

of t h ese interactions and a t temp t to evaluate brie fly their 

role in determining th e success of a n invasion. 

Phys ical Access 

Since Tertiary times there ha s been a gradual homogen 

izing of the world' s f auna brought about by the joining of 

previously disconnected continents . thereby allowing access 
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for various terrestrial organi sms( Elton,1 958) . In recent times 

mankind ha s accelerated this process by transporting organisms 

both inten tionally and accidentally wherever he has gone(Elton , 

1958; Bates,1956). The speed of mnny forms of modern trans po r

tation makes even very fragile organisms potential pas s engers, 

and our efforts at reducing this hazard consist mainly of 

spot checking. In the case of marine organi s ms this is par

t icularly so, although some guidelines have been es t abli s hed 

(Snow, personal communication; Smith, personal communication). 

Of course organisms have been gaining physical a c cess to 

new areas long before the appearance of Homo sapie ns, and many 

have developed quite efficient dispersal mec hanisms(Ridley , 

1930; Darlington, 1965,1966; Carlqui s t , 1 974) . Unfortunately 

I have not th e space to treat su ch a broad topic here, suffice 

it to say that there are many avenue s t ha t lead t o physical 

access and that human activities represent one of the ma in 

th o r oughfares. 

Evo lutionary Access 

In order to understand evolutionary ac cess it might be 

best to consider some of t he phy s ical factors that limit or 

control a bundance, distribution, etc . of organisms as out

lined by Odum(1959). The first of the se was Liebig ' s "law'' 

of the minimum which, simp ly stated , says that organisms 

need cer tain materials in o rder to exist, so the essential 

mate rial that is closest to the organism s ' minimum require

ment would tend to be limit ing . If a certain tree species 
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needs a minimum of 3 0 inches of rain annually, it would norm

ally be unable to g row in places where the p rec ipitation was 

less. She lford expanded this idea in his "law" of tolerances 

by including the upp e r limits a s wel l as the lower . Thus any 

fac to r near the tolerance level of an organ i sm would tend to 

be limiting. The obvious corollary, ac c ording to Odum , i s 

that any factor that is re l atively constant and for which the 

organism has a wide tolerance wo uld not likely be limiting. 

In addition, he points out that th e period of re p roduction 

is usually a critical one during which envi r onmental factors 

are likely to be limiting. It should be ad ded that v arious 

envi r onmental factors may interact in suc h a way that they 

are limiting ( Cox tl -tl-,1973) , for in s tance incre ased temp

erature often raises the mi nimum t olerance level for oxygen 

in many marine org Dnisms(Kinne,1964). Thi s synergistic effect 

may often be as important as it is di ff icult to detect . Dan

sereau(1957) proposed vitality(the o p tim um fulfillment of 

life cycle) a s a measure of the degree of environmental stress 

experienced by an organism. In this way at least a rough est

imate of the degree of s tress could be made . This seems to be 

in l ine with Ddum ' s comments on the sensitivity of the r epro

ductive period . With this in mind it i s interest ing that org

anisms often occur in nature where conditions are not optimum 

with regard s to s ome physical factor(Od um,1 959) . Thi s is norm

al l y because s ome o ther factor exerts an even greater effect . 

To complicate matters even more, it se em s that the toleranc e 

limits or optimum levels of a factor may vary over the geo-
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graph i cal ra nge of a species{O dum, 1 959) . Yet all thes e condi

tions need be con sidered when gauging th e success of an in

vasion . 

The man ner in whic h e nviro n men t a l facto rs fluct uate 

has an effect upo n the success of an invas ion . Darlington 

(1 96 5) believed that dom inant gro ups of organisms t ended 

to evolve in favorable c lim a tes and spread to less favorable 

ones. The idea is t h a t t h e greater the amplitude of the en

vironmen tal fluctuations the gre a ter the chance that it will 

exceed th e t olerance levels for a particular organ i s m. The 

ampl itude and regularity of these fl uctua t ions is k nown as 

th e predictability of the system{R i cklefs ,1 976 ; Con nell & 

S l atyer,1977) . Hen c e hig h ly predictable systems have v e r y 

re gular fluctuations of l ow amplitude and tend to s upport 

more species{Sand ers, 1968). Slobodkin and Sanders{ 1 969) be 

lieve that organisms from areas of lo w predictab ility are 

more likely to invad e areas of high predictabili ty than vice 

versa . In most cases t hey feel such invas ion s are prevented 

by competition , b u t when they do occur they tend no t to re

su l t i n the elimination o f the re s i den t. Thi s view appears 

to conflict with the ge neral evolutionary tre nd outlined 

b y Darling t o n{1965), but perhaps not . Log i cally one should 

expec t it to be quite diffic u lt for organisms to invade an 

area of low pred ic tabil ity particul arly whe n adap ted to the 

opposi te conditions, and so such inva s ions should be infre

qu e nt . On a mu c h larger time scale however, such infrequent 

invasions c o uld ac c ount for the t rend Darlington d escribes . 
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Thus areas of low predictability should experience few invas 

ions while areas of high predictability should expect many 

more invasions, but u sual ly do not due to competitive inter

actions. This is essentially the model developed by Terborgh 

(1973) to explain plant invasions, however, he p ropos es a 

somewhat greater flow of species into area s of low predict

ability(which he calls peripheral h abitats) . 

Just as env ironmen tal predictability affects the poten

tial for invas ion so t oo sho uld community s tabi lity. In order 

to avoid some of the difficulties with this term it should be 

defined , so I will t ake s tability t o me n n t he ability of a 

community to withstand o r recover from externally caused 

change(Ricklefs, 1 976) . Now, how can it be measured? Dunbar 

(1960) used population oscillations as an indica t or of stabil

ity when comparing tro pical and temperate marine communities . 

Hairston tl,al.(1 968) cons idered eveness of species abund an ce 

and distribution as a measure of stabili ty. The clas sical 

view that greater species diversity indicated greater s tabili ty 

{the diversity-stability hypothesis) has come under criticism 

lately{Goodman , 1975) and is probably not a good measure of 

s tability. Diversity of trophic levels may prove to be a mea

sure of stability(Hairston tl,El_. ,1 968 ; Ricklefs,1976), how

ever more data need to be gathered before such a me asu re can 

be used with confidence. The ma~n question facing us here is 

whether unstable communities are more vulnerable to invasion 

than stable communities . According to the definition of s t ab 

ility this s hould be true; unfortunately considering the rel -
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iability of the methods for me as uring communi ty stability I 

do not see t his a s a valuable tool for predicting success 

ful invas i ons . 

Pe rhaps some o f the mos t commo n ex a mples o f successful 

invas i ons occur during the process of succession, so a short 

look at this phenomenon may reveal some of th e bas ic adapt

ations of invading species. Succession can be generally des

cribed as an orderly process of community d evelopment that 

culminates i n a s t abilized ecosys t em(Odum , 1 969). Thro ughout 

t he process species are successfully invading the system, 

often modifying it in suc h a way as to allow other o r ganisms 

t o i nv ade , unt i l a cl i max s tage i s reached. Species of th e 

early s eres tend to h a ve high r eproductive a nd growth rates 

whi le those of the late have lower growth potential but better 

competitive abilities(Odum,1969) . A c ompromi s e o f species 

t ypes occurs in " p ulse stability '' communit ies , in whi ch mo re 

or l ess regul a r and d ramatic p hy s i ca l changes occu r and thu s 

maintain the ecosystem at some inte r mediate point in these

q u ence ( Odum ,1 969) . It would seem then, that certa i n compet i

tive s t rategies adapt invading speci es t o particular stages 

of su c cession, and hence the s uccess of a particular invasio n 

would be media t ed by these two fa ctors. 

Since o r gani sms seem to be adapted t o pa r ticu l a r suc

cess i onal s tages i t sho uld not be surpr i s ing to f i nd tha t 

many ubiquitous species are not adapted t o a wide variety of 

c ondit ions but r a ther to particular s itu a tion s creat ed by 

human act i vities such as a gricu l tu re , l ives tock r e aring, 
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r o ad building, etc . ( Bates ,1 956 ; Harper,1965). For example the 

Klamath wee d ( Hypericum p e rforatum) invaded overg r azed past 

ures in No rthe rn California during the early 1 9OO ' s and became 

quite a pest un til s uccessful bio lo g ical c o nt rol was a chieved 

(Krebs , 1978). Addi t ional examples of this p h e n omenon a re plen t

iful(Allen, 1936 ; Egler,1942; Mo rl ey & Ka t znelso n , 1965 ; Harris, 

1 9 71) . 

So evo l utionary ac c e ss will be governed to a large ex 

tent by the physical to leranc es of the species , the p r edict

ability of th e environment, the p articular successional sere , 

and p erhap s the community stability. Ma ny times evolutio nary 

access i s accomplished through habitat modificat i on as a r e 

s ult of human activities . 

Ecolog ica l Access 

Of t he many types of species interactions perhaps compet

ition has the most significant effect on the outcome of an in

vasion . Competition can be defined as the active demand by two 

or more organis ms for a common resource(Miller ,1 969). If the 

resource is limit i ng then there are generally three possible 

outcomes : extinction , competitive exclusion, o r character dis 

placement(Emmel,1973) . As I will try to show later , coexis t -

e nce is another poss ibility . Wh en competition is inters p e-

cific it f avors the specialization o f r esource use by each 

species . On the other han d , when it is intraspeci fic it tends 

to f avor a broadening of the range of re sou rc e utilizatio n 

(Col lier tl . al . , 1973) . In the case of invasions competition should 
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be i nte r specific, as far as the s ucce ss of the invas ion is 

concerned , and h ence s h o ul d tend toward speciulization of re -

s ource use . 

One of the probable outcomes of competition is competi

tive exclu s ion. The princip l e was fi rs t outlined by Gause(1934) 

and consis ts ba s ically of two a s pects : that when two species 

occupy the sam e niche one will be superior and eliminate the 

other, and the c onvers e , if two spec i es coexist then they oc

cupy different niches(Grant,1977 ) . The principle seems fairly 

obvious and appears to hold for mo st si tuations as long as its 

limitations are con s idered , Its application sho uld be r es tri

cted to r esource limited species and to stable(predictable) 

environments(Collier et . al . ,1973) . Dete rmination of th e latter --
could be a source of difficulty since what might be a highly 

predictab le environment for one spec i es could be of much low

er pr e dictabil ity for a nother. In addition some workers have 

demon s trated a lack of competitive exclusion even though the 

above limita t i ons apply . Ayala(1969) used two species of Dro 

sophi l a in which th e l a rv ae competed f o r food and th e adults 

f or s p ace. Whi le one species was the sup erior c ompe tito r in 

the adult sta ge it was inferior in the l a rval stage . Under 

these s pecial c ircums t a n ces Ayala fo un d t hat competitive ex 

clusio n did not occur . Others have attacked the principle 

semantic a lly, redefining niche , etc.(Kroes , 1977). I believe 

that these a r g u m~ n ts do not i nvali d a te the principle , but 

rather p rov ide a better definition of its limit s . In this 

way it may h elp to ex p lain why some i n v as ions do not r e sult 
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in competitive exclusion . 

Charact e r di spl ac ement c a n result in coexistence and 

will be discussed la ter , while extinct i o n is perh aps best un

derstood by examining t he mechanisms of co mpetition . 

Compet itio n can take two main pa t h ways : exploita tion o r 

interference . Competitive exploitation involves a bas ic scram

ble for the r esource ( s) in that if two or mo re organisms have 

free acces s to a limiting resource the ou t c ome of t heir comp

etition will be determine d by their rela t ive abilities t o u se 

the re source( Miller,1969) . Unfor tunately , gathering evidence 

for competitive exploitat i on r e qui r es sophisticated t e chniqu e s 

(largely u navailable at present) for measurin g th e ef f iciency 

of utilization(Colli e r tl , £!1. ., 1973) , Competitive i nte rference 

invol v es direc t detrimental effects of one organi sm o n th e 

g rowth , survival , etc . of another. Mos tly thi s i s brough t 

about by preventing access o f a competitor t o a r eso urc e . 

Bird terri tories are a p rime example(Collie r tl , al . , 1 973; 

Mille r,196 9) . 

As me ntione d earlier th e competitive s tra tegy of i nvad 

ers du r ing th e s tage s of s ucces s ion sho ws a shi ft in pathways . 

Durin g the early s tages th e mo s t successful spec i es are gen

erally tho se that compete thr o u g h exploi t ation . Winni n g com

petitors in th e later s t a ges tend t o be more e ff ective at in 

t erference(Connell & Slatyer , 1977 ) . Again th e s uccess of an 

invader would d e pend upon its mode of c ompetition and th e 

s uccession al stage of th e community. 

The competitive pa thway is l ik e wise af fected b y th e 
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physical attribu tes of the ecosystem . In areas where the phys

iological stress is high(as in areas of low predic t ability) 

the comffiunity tends to be controlled by physical factors, and 

organisms th a t compete throug h exploitation are often mos t 

successful. In ecosystems where physiological stress is low 

(as in areas of h i g h predictabili t y) the community t ends to 

be biologically controlled and organisms that compete through 

interference are most successful(Miller , 1969) . Hence the pot 

e n tial success of an invas io n would depend u pon the level o f 

environmental predictability and the particula r competitive 

pa t hway of the inv a der. 

An organism attempting to invade a n area ge n erally meets 

with a certain amount of ecological resistance, that is , c omp 

etition from the established organisms o f the ecosys tem(Elton , 

1958) . As we h ave just seen , the success of a particular comp

etitive pathway is related to the physical attributes of the 

ecosyst e m. In addition , if we a ss ume that neither species has 

competitive superiority over the other then the resident species 

normally has the advant age and holds off the invader(Connell 

& Slatyer , 1977) . This being the case then the invading species 

mu s t h ave a significan t edge in competitive ab ility if it is 

to be s u ccessful. 

Competition then , c an prevent invasions unless the new

comer h as superior competitive abilities . The mos t successful 

competitive pathway dep ends u po n the pred i c t ability and suc 

cessional stat e of the ecosystem. 

Since competition apparently plays s u c h a major role in 
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determin ing the oc c urre n ce of competing organisms it would 

seem that c oex i s tence o f compe tin g spe c i es is not possible . 

Ye t t h ere are circumstances und er which competitors can co

ex i s t for va r yi n g pe r iods of time . Organisms ca n r educe comp 

etition throug h temporal separation , fa r example . Th ey may 

t a p the same re s ource but do so at differe nt times of the 

day(Cox. rt. al . ,1 9 73 ) . For examp l e two species of i n tertidal 

crab s may utilize th e same food r eso urc e but one may b e act 

ive by day while the o ther is nocturnal. As long as one 

sp ecies did not depress the re s ource belo w the mi nimum 

l evel r eq u ired by the s econd species th e t wo could coex is t . 

Competing organisms may also coe x i st if they are in an in

c omplete s tage of replacement (G r ant ,1 9 77) . Labora t o ry exp 

eri ~ en t s have s hown that t h is period of coex i stenc e can b e 

increase d when : c ondi t ion s mor e n early meet the optimum re

quirements of bath species and do not favor one over t he 

other , the species h ave more or l ess equal abil ities, o r 

when t he volume of th e environment is i ncreased(Miller , 1969). 

Coexis tence may occur when the populations of the competing 

s p ecies are kept small enou~ h so that th e level of comret

it io n i s low . Thi s i s af le n accomplish ed when other organ 

isms crop th ese papulations(Grant,1977). The Mytil u s - Pis

as t e r-Pollic i pes system illustrates this well . My t i lus and 

Pollicipes compete far space along th e rocky intertidal 

zone of the Pacific Coast of Nor th America ; however Mytilus 

is a mare efficient competito r and would event u al l y crowd 

Pollicipe s out if not far predation by Pisaster . Experiments 
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in which Pisaster wa s removed from the study area showed a 

rapi d increase in t h e Mytilus population coupled with a de

crease in the Pollicipes population to the ultimate point 

of elimination . Reduction of other species occurred as well, 

but the p oin t here i s that p r edat ion by Pisaster enabled 

Mytilus and Pollicipes to coexist(Paine ,1 974). Another sys

tem that enhances coexistence is one of cyclic equilibrium 

(Grant ,1 977) . In this cas e o n e or several environmental fa c 

tors vary in a rather regula r patt e rn so that species are 

alternately favo r ed(Collier tl-i!..1.-,1973). Hence each species 

would be able to ma in ta in itself by b u ilding up larger pop

ulations under favorable conditions which would then serve 

as a buffer under co n di t ions that favor ed the competito r. 

Finally, competing species may coexist by seekin g the micro

hab ita ts that favor them. Since most environments contain a 

range o f conditions for some critical factor e a ch species 

could maintain a population by living in the preferred areas 

(Ross ,1 95 7). One additional mechanism of coexistence h as 

been described(Pimentel et.fil. ,1 970) which involves a fluc 

tuating rate of genetic change . In this system the evolution 

of the dominant species would tend to become static, or at 

least slower than the subdominan t competitor which would 

then gain an advantage and become domi na nt . The roles are 

then r eve r sed . To my knowledge s uch a system has· not y et 

b ee n demonstrated. 

It would seem then that coexi stence can occur under a 

vari e ty of c ircumstanc es. When coexis t ence does occur there 



1 5 

are seve ral immediate effects u po n th e spec i es invo lved. In 

most cases each s pecies exper i ences a certa in amount of eco 

logical c ompres s ion, that is each population i s dep r ess ed 

by an ao munt related to their degree of ecologica l simil 

ari ty(Ricklefs,1976) . In addition character displacemen t 

may be displayed i n th a t competing s pecies s how g reater dif

fere nces(morpholo g ical , ecological,behavioral , o r physiolog

ical ) in areas wh ere they coexist than in parts o f their 

ranges that are distinct( Brown & Wilson,195 6 ; Emmel , 1973) . 

Althou gh not particularly numero u s , examples of characte r 

displacement do ex i st. Lit tl e john(1 965) compa r e d t he mating 

calls of two spec i es o f Hy l a in Australia . He found the 

calls of allopatric popul a tions q uite similar while tho se 

of sympa t ric populations were much mo re di s tinct. Blair 

( 1955) uncovere d a sim i lar relations hip betwe e n two species 

of Micro hy la in No rth America . 

Since ecological res i s tance t en ds t o block invasions 

we f ind in the variou s mode s of coex i s t e n ce a s e t of me ch

anisms by which invading organi s ms can es t abl i s h them s elves , 

and do so in a way that does not mea n t he e limination of 

th e native species. 

Inva s ions of is l an d s h a ve provided some o f th e mo s t 

dramatic examples of species interactions and replacemen ts 

(Carlquist ,1 974). Coexistence i s u nco mmon, but whe n it does 

oc c ur it is usua lly because replacemen t is in s om e intermed

i a te s t age . The vulnerabi lity of island e nvi ro nm e nts is l e g 

endary . Th e reas o n s for the wid esp read s uccess of island 
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invasions are seve ral . Darlington(1966) believes that many 

mainland species are just superior competitors. In addition 

many island organisms have adapted to habitats that lack 

predators and competitors and hence are unable to cope with 

invaders fro m similar mainland habitats(Ricklefs,1976). Due 

to th e ir i so lation , islands are often said to be impov erished 

or unsaturated with r espect to t he numbers of spec i es toey 

could s u pport(Mayr~1965; Holdgate l Wace,1971 ) . Also we find 

that competition often occurs betw e en wider taxonomic g rou ps 

on islands . Lack( 1976) found that competitive exc lus ion a

mong Jamaican birds occurred betwe e n different ge nera on 

isl a nds whi le on the nearby mainland s uch competition was 

most often between congeneric species . He attributed this 

to th e fact that island residents had broader niches, a r e 

sult of th e ecologically poorer conditions on i sl ands. Suc h 

conditions stem in part from the difficulties of physical 

access as well as the limitat i o n s o f area. In the latter case 

it has b e en found that the smaller islands have fewer spec ies 

Th e effect is rather gradual in that there is no critical 

size , so speci e s diversity decreases as area decreases 

(Pres ton,1 962 ; Mac Arth ur & Wilson ,1 967) . The explanation 

i s that on smaller islands competition i s more apt t c re

sul t in extinction than o n larger islands(MacArth u r l Wilson , 

1967) . Two species of the genus Lacerta illustrate the ef

fect of area on t he outcome of competition. On larger islands 

i n the Adriatic Sea these lizards ar e found t o coexist, bu t 

on the smaller islands competitive exclusion re su lt s in 
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only one res i dent spec i es. A slight difference in hab itat 

prefere nc e is eviden t un the larger islands and the mainland , 

but not so on the small islands{Nevo tl , al.,19 72) . Th e i mpl i

cation i s that the limita tions of area on islands as we ll as 

t he broader niche s occ upied by each species r esu l t in more 

intense compe tition , a nd henc e less c oexistence . Of course 

competition i s not the sole reason fo r the great success of 

island inva s i ons , we mus t no t f orget t hat hu man activities 

(agriculture , grazing of livestock , etcJ represent a dras tic 

form of habitat modification to whic h many i nvading form s are 

adapted and t o whic h t he native s are not(Harris , 19 71 } . I n 

summa rY, the s uccess of i sland i nva s i ons c a n be generally 

attributed to h abi t a t modification, introduct ion of superio r 

competi tor s , and perhaps avai l able n iches{ unsatu rated e cosys

tems} . 

There are many areas that co ul d be considered is land

like in nature: caves , tidepools , es tu aries , mountain tops, 

etc . (MacArthur & Wi lson , 196 7). The i sland ef f ects in the s e 

e nviro nmen t s s hould paral lel those descr ibed fo r geologic 

islands . In addit ion, whe n organ i sms a tt emp t to invade these 

areas they will na turally encounter somewha t different phys 

ical condit i ons a l ong wi th di fferent spec ies combina tions 

and abundance. Henc e if they ar e to be s uccess f ul the y must 

a ssume a s omewhat di f fer e nt nic he(through ecolo gical d i spla

c ement}, th e deg r ee o f differenc e d epe nding u pon how drast

ica lly the new conditions digres s from those of the source 

area(MacArt hur & Wilson ,1 967 ) . 
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Finally I should mention that the success of an invasion 

will depend to a certain degree upon the size of the colon

izing population . This must be large enough for a sufficient 

number of the members t o find e ach other and reproduce . Field 

entomologists prefer t o release an introduced species for bio

logical control in one area for just this reason(Andrewartha 

& Birch , 1954) . 

It is difficult to separate ecological access from evo

lutionary and even from physical access since they are so 

intertwined . However, I have attempted to illustrate some of 

the general features of each category and think that they will 

be of some use d uring the analysis of the spec ific case that 

follows . As you have no doubt noticed I have considered main ly 

competitive i nteractions under ecological access, basically 

because they appear to be most important, particularly in the 

case tha t follows. 
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THE INTRODUCT I ON OF RHITHR OP ANO PE US HAR RI S!! TO THE PAC IFI C 

COAS T OF NORTH AMERICA 

Rhithropanopeus harrisii , a small Xanth i d mu d c ra b1 is 

nati ve to the Atl a ntic Coast of North America , whe re it is 

found in estuaries from Mexico to Mi ramichi, New Bru nswick 

(Ryan ,1 956) . 

Sometime in the latter part of the 19th centu r y it 

spread to Holland where until recently(1 949) i t had been 

identified as Heteropanope tr i dentata . It i s now co nsidered 

a subspecies of R .harri s ii, variety tr i den t ata (Wol f f,1954) . 

It wa sn 't until the 194O ' s th at this mu d crab was f i rst no

ticed in San Francisco Bay , and so me ten years l ate r in 

Coos Bay(Ricketts & Calvin, 1968). Carl ton (personel commun 

icatio n ) believes it now occurs in Netarts Bay , Oregon . I 

have fou nd it to occur in Yaquina Bay as well( see appendix) . 

Physical Access 

Since Rhithropanopeus is native to the Atlant ic Coast 

and has managed to invade both Europe and the Pacific Coast 

of North America it obviously has had physical access to 

these areas . General con sensus(Elton, 1958 ; Ricketts & Calvin , 

1968) places human activities as the agen t of dispersal. Trans 

po r tat i on of plankton in ballast tanks of ships is a likely 

occurrence(Chesher ,1 968) and may h ave been responsible for 

the movements of Rhithropanopeus . Elton(1958) explains that 

the Chine s e mit te n crab , Eriocheir sinensis , probably found 

its way to t he North Sea by this method . The crab i s a native 
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to the coast of China , living in rivers a nd migrating t o 

brackish wa te r t o breed t hus allowing ample opportunity to 

book pa s s age in ballast tanks . The p robability th a t Rh ithro 

panop eus was carried i n the s ame way or by cl i nging to algae 

on ships was cons idered unl ikely by Wol ff(1 954 ) . He felt 

th at t his " ... is a brac ki s h - water crab that could scarcely 

withstand transportation f or several week s t h r oug h seawate r 

of high salinity. " (Wolff, 1954) . Apparently this wa s before 

the salinity tolerances of Rhithropano peus we re examined in 

any detail becaus e it i s very capable both as larva a nd adult 

o f withstanding full s tren g th seawater( Kalb e r ~ Costlow,1 966 ; 

Smith,1967). I ha ve kept these crabs in seawa ter( J0 -3 2% ) in 

the l a b f or six weeks a t a time and found that t hey are ab le 

to survi ve feve n be tter than those kept in l owe r salinities) . 

Hence it i s quite cap ab l e of with s tanding th e high salinities 

it may encounter a s a passen ger in ballas t. Th e main probl em 

I see with thi s mode of access i s the low probability th at 

th e zo eae from a ballas t ta nk would settle near e no ugh to 

each other to be able to r eproduce . Coupl ed with this i s t he 

notoriously hi gh mortality of planktonic larv a e . In sho r t I 

do not see a passage in ballast tanks a s a l ikely metho d of 

es t ab lish ing that i nitial breeding popula ti on. 

Another often proposed metho d of introduction is as a 

stowaway in oys t er seed . Elton( 1958) lists five o rganisms 

that could likely have utili zed this me thod of transpo rt: 

Cr epidula for ni cata , Ur sosalpinx , Paph ia , Tritonalia , and 

Rhithropanopeus harrisii . Eac h of these i s no rmal ly found 
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as s oc iated with oyster beds . Rya n(1 956) s u gges t ed that th e 

movements of oy s ters could h ave affected the d i stribution 

of Xan thid crabs in Chesapeak e Bay , a nd that Rhith r o pan o p eus 

was the dominant species in seed beds i n the up per p art of 

Delaware Bay. Th is being the case it seems reasonable to ex 

pect some sort of correlation between th e Pacific Coast est

u aries planted with th e American Atl a ntic oyster, Crasso s 

trea virginica , a nd th e o ccurrence o f Rhithrop anope us. How

ever it appears that the majority of t he plantings along the 

Pacific Coast have been o f the Japanese oyster , Crassos trea 

gigas ( Matth iessen,1 971 ) . £ .virginica wa s fi r st p lant ed in 

San Franci s co Bay in th e late 1 B □ O ' s and continued through 

1 910 when bay conditions mad e furthe r plantin gs unfeasible . 

Apparently cool wa t er tem p eratures prevented r eproduc t io n, 

so for at least t en years £ . virginica s e ed was b r ough t to 

the bay from t he Atl an t i c Coa s t( Matthie ssen , 1971 ) prov id

ing ample opportunities f o r s towa wa y s . The a dv antages of 

this fo r m of transpor t a re immediately obvious - the c r a b s 

would be seeded with the oyste r s and so end up in the same 

g eneral area and in a habitat(o yste r b e d) to which they are 

adapted. In ad d ition , o vigers of Rhithropanopeus hav e been 

found from Jun e t hrough September(Ryan ,1 956) which mea ns 

th e y could b e fo u nd amo ng the s towaway s . Un fo rtun ately , 

litera ture on f.virgin ica in Orego n i s s cant. No mentio n i s 

mad e of i t b e ing planted in any o f the bays ( Bru se ~ Wick , 

__ ) . In Till a mook Bay plantings of £ . giq a s bega n in 1 93 1 

ano cont inued t hrou gh t h e present (excl u ding the wa r yea r s ). 
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Presumably, it was the o nly species planted in Netarts Bay 

as well{Haye s , _ _ ). In talking to oyster growers in Yaquina 

and Coos bays I found that £.virginica spat had b ee n brought 

in on a number of occasions, but never did well. The same 

seems to be tru e in Washington State{ Cumbow , personal com

munication). It i s probably thi s latter fact, the poor per

formance of £.virginica, that is responsible for their absence 

from most treatments of oyster culture on the Pacific Coast , 

but most surely there h ave been plantings in all of the oyster 

bays of the Pacific Coast . I think it likely that Rhithro 

panopeus occurs in more than the four bays where it has been 

observed(for instance Tillamook and Puget Sound) but ha s es

caped notice(as in Yaquina Bay) either becau se it has been 

taken for Hemigrapsus oregonensis wh ich it superficially 

resembles or that it s general confinement to the up per parts 

of estuaries has allowed it to go undetected. Remember that 

if it was via oyster spat that th e c rab first entered San 

Francisco Bay, the n its presence went unre po rted for a 

minimum of thirty years . I thi nk it likely that a little 

field work in the rest of the oyster growing est u aries - o f 

the Pacific Coast will extend the r a nge o f Rhithropanopeus 

an d further support oyster spat as the mode of physical ac

cess . The other half of the field work , demonst rating its 

abse nce in Pacific estuaries where oyster culture h as not 

occurred , would be much more difficult. 
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Evol u tionary Access 

Whereas the exact me th od by which Rhithropanopeus gained 

physical access to the Pacific Coast is uncertain, its evol 

utio nary access is less of a problem. Ryan(1 956) found t his 

crab living in nearly every arm of Chesapeake Day, even into 

freshwater zones . It wa s not found in deeper waters nor wa s 

it common in lower parts of the bay . In nearly every case in 

which Rhithropanopeus wa s collec ted there wa s some sort of 

bottom s helter available : oyster bars , living and decaying 

vegetation , cans and debris , etc . 

Temperatures in estuaries tend to be highly variable 

(Caspers, 1964) so it is not surpris i ng to find that Rhithro

panopeus is eurythermic , a ble to tolerate a r a nge from a t 

leas t 7°C up to 3O-34°C(Vernbe rg & Vernb e rg ,1 972) . Temperature 

data I ha d gathered in vario us arms of Coos Bay from Octobe r 

through December ranged fro m 9° C to 16~C, well with in th e 

limits of the c r ab. 

Salinity within es tuaries is al so highly variable . 

Rhithropanopeus has been found in parts of estuaries that 

at times are entirely fres h( Jo nes,194O ; Ryan , 1956). In some 

preliminary investiga tio ns , I have kept specime ns up t o four 

week s in freshwater. Th a t Rh ithropanopeu s is e uryhaline is 

well established(Smith ,1967; Capen ,1 972 ; ~ernberg & Vernb erg , 

1972), and its di s tri bu tio n in Coos Bay seems to reflect this 

tole ranc e (s ee ap pendix) . I ha ve found the crab in areas of 

highes t salinity variat ion. For example, during October 1977 

(at the end of a very dry y e ar) salini t y f or a 24 hour period 
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r anged from 1 2%~ a t highe s t tide to 3%o at lowest tide , wh ile 

in November(immed i a t ely after a storm) the range was 5%o to 

D%o • That Rhi thropanopeus can liv e in seawater but "chooses " 

r ed uced salinities poses some int e re st ing questions; however 

it has been this c r ab's a bility to osmo r egulate at these re

duced sali n ities that has been the focus of most r esearch . 

Apparen t ly as salinity drops the crab ' s inward permeability 

to water also decreases(Sm i th,1967) . It has b ee n sugge s ted 

( Capen , 1972) that this change is due to a change in the act 

i vity of the gill epithelial cells and/or cuticle , and that 

i t is no t link ed to ion transport systems . Interestingly , 

t his osmoregulatory capacity i s greater at lower t empera t ures 

(~ .g. 7°C ) than at higher{~.g . 20°C){Vernbe r g & Vernberg ,1 972) . 

The sal ini ty tole r ances of the larval stages have also 

been an area of much resea r c h . Genera l ly spe aking , larval 

stages of estuarine organisms require cer ta in r anges of phy

sical factors for maximum s u rvival , and often these are dif

f e rent from those of th e adults- us u ally narrower and less 

harsh(Kinne , 1964). Costlow e t. al . (1966) examined larval dev -- -
elorment of Rhithropanopeus under a variety of temperatures 

a n d saliniti es , and found a wide range under which develop 

men t could occur . Generally the survival was highest at 20-

25 QC with salinities between 1 5 - 25%0 . La ter investigat i ons 

( Ch ris t iansen & Costlow , 1975) revealed t h at a cyc l i n g temp

era t ure (±50C) produced highe s t survival at a range of sal 

in i ties{S , 20,30%0) , So it appears t hQt even the l arvae are 

well adapted t o the fluctuating condition s that are n o rma l ly 
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found in es tuar i es . I might point o ut th a t un f o rtunately 

they are not so well adapted to a va riety of insecticides 

and pollutants that se em to work their way in to es tua ries 

(Christi anse n & Cos tlow,1 975 ; Rosenb erg & Cos tl ow , 1976 ; 

Chri s tian sen tl.al .,1 977 - ; 1 Payen & Co s tl ow ,1 977) . 

The ability o f Rh ithropanopeus t o adapt to environmet a l 

variations can be illust r a ted by d ifferences in temperature 

related metabolic patterns of va r i ous populations along the 

Atl a ntic Co ast . Careful s tudy of th ese variations revealed 

that they were environme n tal ly induced( Vern berg & Vern berg , 

1 9 72) , indicating an ability to acc lim a t e to local c onditions . 

Ev e n larval developmen t wa s shown to be adaptable t o local 

cond itions( Christiansen & Costlow ,1 975) . 

Before leaving the topic of evolu tionary access mention 

should be made of community s t ab i li t y and environmental pre 

dictabili t y . Th e wid e fluctuations of temperature and salin

ity th a t occur in es t uaries would seem to qualify them as en 

vironments of low pred ic ta b ility . As disc u ssed earlier , inva

sion of s uch a reas from zo n es of higher predictability(the sea 

or rivers) is less likely than th e reverse . Estuaries then, 

would be relatively difficult t o invade by organisms from 

more predict ab le environmen t s , al thou g h rare invasio n s should 

occur. Thi s idea is reinforced by the paucity of species that 

inh ab it bracki s h wat e r s , par ticul a rl y thos e with saliniti es 

between 5-15%o(Remane & Schlieper , 1971 ) . Rhithropanopeus 

ho we v er , comes n ot from an a rea of hi gher pred ictability 

but r a ther from a q ui te similar environmen t, and hence s hould 
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be very capable of t olerat ing the physical conditions it en 

counters . 

The stabili ty of the estuarine community is diff i cul t to 

de t ermi ne. Studies of tro phic levels and energy flow(deSylva , 

1975; Vernberg,1975) reveal fairly complex food webs , and if 

these indicate a fair degree of stability(Ricklefs , 1976) then 

i nvasions should be more difficult. However, in light of the 

diffic ulty i n measuring stability and the l ack of conclusive 

evidence relating it to ease of invasion , any co nclus ions 

remain spec u lative . 

So how might ha ve all these factors affected the intro

duction of Rhithrop a nopeus? ~e have seen that the crab is well 

adapted to the fluctuating salinity and temperature levels, as 

well as other physical aspects of estuaries. Therefore it comes 

to th e Pacific Coast well prepared bot h as larva and as adult 

to deal with th e physical conditions it will encounte r. Hence 

the low predictability of the environment should not adversely 

affect the success of the introduction. The stability of the 

community could prove something of a barrier, but this is dif 

ficult to evaluate. Ecologi cal resistance could play a s ubstan

tial role as well , and this I will discuss next . 

Ecologic al Access 

On t he Pacific Coast th e upper reaches of most estuaries 

are inhabited by a small, aggres s ive crab, Hemig raps us oregon

ensis . Occasionally one may also find juveniles of Canc e r .!!@.!l

is t er, but neither of these seem to enter the zon e that occa-
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sionally becomes fre sh . Of the two , tl.oreg o nen s is i s much 

more common and a year round r es ident , and therefore dese r

vi n g of attention. tl.ore g o nensis c an usually be found along 

the s hares of estuaries hiding under rock s and in hole s and 

crevices. At l aw tides it tends to occur at the lower levels 

where wa t er may be found in sumps under racks and de bris , or 

in any situation where the body ma y be bathed mo r e or less 

continually in water(Knud son ,1 96 4) . Rhithro p a nopeus occupies 

essen tially t he same type of hab itat, but mo re often const ru 

cts burrows under r ocks and debris in which wa te r c o llects 

(perso n a l observations) . Both crabs a r e ac tive at nigh t and 

q uie s cent dur i ng th e day , perhaps an ad ap tatio n t o avo i d v i s 

ually cued predato r s . Symo n s(19 6 4) found that tl. oregonensis 

wa s most active betwe e n midnight an d 0400 hours , with males 

re a ching a nother peak o f activi t y at 053 0 h ours . Spe cimens 

o f Rh ithra panopeu s that I kept in the lab were active(o u t of 

their b ur rows and moving about) only at nigh t, so it a ppe ars 

that t heir periods of activity correspo n d . Hence it would be 

unlikely that the two would avoi d competition through a cir

ca d ian separatio n . 

Feedi n g activ ity at night seems to hav e encoura ged the 

use of t act i le an d ch emica l senses by tl . oregonensis while 

visual stimuli a re least important (Symo n s , 1 964) . To my know

le d ge , n o s u ch data is avai lable on Rh i t hrop a nopeus bu t with 

suc h s imi l ar nocturnal habits, s imil a r senso r y importance in 

f~e di ng is not unlikely . Th e diet of tl ,oregonens i s con s i s ts 

o f d ead fish a nd animal s , living animals , alga l film on rock s , 
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and Zostera{MacGinitie , 1 935 ; MacGinitie ~ MacGinitie ,1 968). 

Knudso n(1 964) believes the crab t o be primarily he r bivorous , 

gleani ng algae and diatoms off rock s and surfaces , but also 

taking animal material . Rhithropanopeus appear s to be omniv

orous. Specimens I have kep t in lab readi ly took cho pp e d 

clams and blade s of Zostera . Examination of s t omac h c ontents 

from specimens I h a d coll e cted in th e fi eld s howed a vari e t y 

of al~ae along with various pieces of arth r opod skeleton , in 

cluding about half the carapace of a very small crab(perhaps 

th e y are cannibalistic as well). In all respect s then the 

diets of b b th species appear to be very similar. 

Reproductively the crabs are not quit e so sim i l ar. 

Kn ud son(19 64) found tt.or e gonensis ovigers from mid F ebruary 

through early September. Fema l es generally produce two bro o ds 

per year, th e first hatchin g in May and the s econd in earl y 

September . With an average of 4 ,5 00 eggs per brood an d app r ox

imately 70% o f a ll f ema l e s producing two broods the annual 

egg productio n pe r fema l e i s approximately 7 , 650 . Ov i ge r s of 

Rhithrop a nopeus were fo und by Ryan{1956) from J une t hrough 

Septembe r, wi th juveniles being most commo n July through Oc t 

ober. Sexual maturity is r eached a t about Smm(carap ace width) , 

which usually occu r s in the second summer . It appears that 

tt . oregonensis has the ed ge i n egg production since Rhi thro

panopeus see ms to produce only one brood per year ; however 

there are no r ea l data other than rel a tive occurrence of o vi

gers to suppo rt this assumption . Fu r ther , there are no data 

on larval mortality save the wide salinity a nd temperature 
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tolerances of Rhithropanopeus (Christiansen & Costlow,1 975) . 

It is conceivable that a hi gher survival of Rhithropanopeus 

larvae could compe nsate for a presu med lower egg production, 

but this remains pure speculation, 

The osmoregulatory abilit i es of both crabs were com -

pared by Jones(1941 ). As the salin ity drops both crabs con-

form at highe r salinities and osmo r e gulate at the lower sal

inities,however, as sa linity approaches zero Rhithropanopeus 

mainta i ns its ability to regulate while H , oregonensis cannot . 

Thi s means that the osmoregulatory capacity of Rhithropanopeus 

is superior to that of H. oregonensis at much r e duced salinities . 

It appears then t hat the two crabs have nearly identical 

habitat preferences , activity patte rn s , and fo od preferences . 

Reproductively , H.oregonensis may be superior but the da t a 

a r e insufficien t for anything but speculation here . Rhithro 

panopeus appears to have superior osmo r egu latory abili t y at 

lowest salinit i es. From this compariso n it loo ks as if thes e 

crabs have very similar demands and i nteractions in the eco -

system, and as Jones(1940) said " the two occupy practi-

cally the same ecological nic he . .. 11
• 

If these crabs occupy nearly the same niche, as the com

parison indicates , then an invasion attemp t by Rhithropanopeus 

could only result in a competitive interaction . Suc h an inter

action s hould depend to a cer tain extent upon the character

istics of the environment . Estuarine environments generally 

hav e low predictability , and a s such should harbor organisms 

who compete via exploita tion. If the estuarine ecosystem ~lso 
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corresponds to earlier stages in success ion, as in a pulse 

stability sys tem, then exploit a tio n s houl d a ga in predominate . 

With this in mind , and in t he abs e nce of any r eported be h av 

ioral activities that might ind ic a te s ome in terference mech

an i sm, it s eems likely that c o mpe t itive explo i tat ion, prob

ably for food and shelter, is the mode of compe titive i n ter

action between these two crabs. 

The p r obable re s u l t of thi s competitive interac tion 

can likewise be reas o nab ly deduced . If e s tuaries can be con 

sidered isl a nds the n the f actors that affect i s land invasions 

s hould e nab le us to pre dict th e r es ults of the interactio n 

between Rhithropanope us and li , o reg on e nsis . Th e analogy is one 

of an i s land creature invad ing another is l and . Since i sland 

o rgani s ms ha ve broader niches we would expect the i n t eractio n 

between two s imilar spec ies t o r es ul t i n c ompet itive exclu

s ion. Both crabs a r e omn ivorous , which may be taken as a n in 

d icat i on of a fairly bro ad f eed ing niche( c ompared to a spec 

ialis t herbivore for e xample) and hence one s hould exclude 

the other . Al s o , t he smaller the i s land the grea t e r the 

tendency t o ward competitive exclus ion , ye t t h i s is d i fficul t 

to apply in practise. Probably any e s tu a ry large enough t o 

support an oyster industry wou ld be large enou gh to s uppo rt 

both crabs as well . Overal l though , the t e nd ency toward com

p e ti t ive exclus i o n i s probably moderately high. 

Whil e exami ning the r ang e of Rhithrop a nopeus in Coos 

Bay I f ound it to be conf ined to only t wo areas at the very 

u ppe r end of th e bay(see appendix) . It s r ange d id not ov e r -
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lap with that of tl.o rego nens is, i n fact there was ne a rly a 

mil e of unoccupied territory sepa r ating them. In San Francisco 

Bay however, there do appear to be pe r iods of coe xistence be 

tween these crabs . During dry years the wa t er in the Carquinez 

Strait r emains relatively high in salinity . As a result tl, ore

gonensis becomes increas ing l y abundant in this area , normally 

occupied only by Rhithropanopeus . The two coe xist for a sho rt 

time in what appears to be a stage of replacement . However in 

wetter years the wat e r in the strai t becomes fresh, and this 

apparently kills off the tl . oregonensis population(Jones ,1 940) . 

So the coexistence i s only tempo rary , a result of a fluctuation 

in normal salinity which allows li,oregonensis to become es tab 

li~hed and begin to replace Rhithropanopeus . 

Yet this coexistence te lls us quite a bit abo ut these 

two crabs. First the fact that a l lopatric ranges is the normal 

s tate indicates fairly severe competition. Second, since they 

both can tolerate a wide range of s alinities they should be 

found throughout mo s t of the bay , howeve r since they are com

petitors each crab will be fo und in those areas that impart 

i t with an advantage . Tha t i s , each c rab will be found i n 

those areas where it is the superior competitor. tl , o~egonensis, 

by this reasoning i s s uperior in most of the bay and Rhithro 

panopeus only in those areas of the bay where t he s n linities 

occasionally reach very low levels. It is probably the latter ' s 

ability to s urvive at these lower saliniti es that allows it 

to take advan t age of an area unavailab le to li , o r e go nensis . 

In ef f ect, Rhithropanopeus has fo und a ·vacant niche i n t he 
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Pacific Coast estuaries. 

The presence of unfilled niches in Pacific Coast est 

uaries was suggested by Jones(1940) , and is reminiscent of 

the impoveri shmen t hypothesis used to partially explain 

the vulnerability of i slands to invasions(May r , 1965) . Jones 

(1940) considered the Pacific Coast to be mostly open and 

rocky or sandy beaches, and generally deficient in bay areas 

as compared to the Atlantic Coast. Therefore , an abundant 

and diversified fauna adapted to estuaries would not have 

developed to the same extent as on the Atlantic Coast . This 

would leave a variety of niches unfilled on the Pacific Coas t, · 

niches which could be filled by Atlantic Coast species . 

In this respect Rhithropanopeus has been able to cap

italize on its s uperior osmoregulatory ability to exploit 

an area of the estuary inaccessible to H. oreqonensis .• By 

doing so it was able to avoid the ecological r esis tance 

of th e native. H.ore gonensis , the superior competitor through 

out most of the estuary has forced a form of character dis 

placement on Rhithrop anopeus , confining it to the physiol 

ogical limits of its salinity tolerance . On the Atlantic 

Coast the distribution of Rhithropan opeus in Chesapeake Bay 

(Ryan,1956) appears to be much mo re extensive relative to 

its d istribution in Coos Bay. 

I t is interesti ng that another Xanthid crab commonly 

found in oyster beds of Chesapeake Bay ha s been unable to 

invade the Pacific Coast along with Rhithropanopeus. Eury

panopeus depressus is found somewhat lower in the bay than 
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its cousin(Ryan, 1 956), a nd is a pparently less adept at osmo

regu lation. Could the ec o logical resistance from ll.oregonensis 

be responsible? 

Several aspects of this examination lend themselves to 

further stud y . The competitive s ucce ss of eac h species(Rhithro

panopeus and tl.oregonens is) und er different s alinities(both 

s t a tic and cycling) might prove a n interesting comparison , 

and in addition demonst r ate the c o mpetitive interactio ns p ro

po sed in this pape r. The method of physical access migh t also 

be worthy of some aduitio nal attention. I think that a strong 

correl a tion between Pacific Coast estuaries that have seeded 

Cr assostrea virginica and the occurrence of Rhithropanopeus 

could be demo nstrated . In addition there seems to be some 

thing peculiar about t he pattern of thi s crab's distribution 

in Co o s Bay . For example a long a hundred me ter st retch of 

river bank with seemingly identic a l ph ys ical conditions I 

would find crabs for the f irst thirty meters . Then they would 

be completely absent in the next fifty meters , and then they 

would ap pea r a gain. This ty pe of patchy occurrence may have 

been due to oxidation levels of the substra te , or a differ 

ence in substrate composition, but the latter s eems unlikely 

si nce preliminary investiga tions on particle s ize s howed no 

obvious differences . Mu d unde r rocks wher e crabs were found 

was u sually light colored while in crab free sections the mud 

was u s ually qu i te dark. This may mea n that Rhithropanopeus is 

sensitive to ox i datio n levels , or that th e ir burrowing act

ivity s imply al lows more oxy gen t o reach mud under rocks. I n 
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either case it does not appear to be too difficult to test, and 

could prove quite intere s ting. 
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S UMMARY 

I ha ve tried to examin e mos t of the factors that may 

affect the success of invasions, and applied them t o t he in tro 

ductio n of Rhithro p anopeus h arris ii t o the Pacific Coast of 

No rth America . Successful invas ions r equ i re p h ys ica l , evo l

utionary, and ecological access . In this case physical ac-

cess was probably p ro vided by tra n spo rt a tion with oyster 

spat , although p assage in s hip ballast c a nnot yet b e r u led 

out . Comin g from a n estua r y Rhithropanopeu s was already well 

adapt ed both as larva and ad ul t to the physical aspects of 

the environment, particularly the temperature and sal ini ty 

e xtremes . Ecological a ccess was someth i ng of a problem . Na t

ural history c o mparisons betwee n Rh ithropanopeus and Hem i grap

~ oregonensis revealed nearly identical food prefer ences , 

activity patterns , an d habi t at preferences , so that the two 

are most surely comp e titor s . Because of the rhys ical attri

butes of estuaries , competitio n probably takes the form of 

exploitation, with c ompetitive exclusion the likely r esult . 

The t wo crabs do not coe xist(except for sho rt per i ods) and 

maintai n exclusive rang es . Rhithropanopeus appears ta have 

been able s uccessfully to invade Pacific Coast e stuaries be

c ause: human activit i es have introduced it, i t i s we ll adap t e d 

t o estuarine conditio n s , and i ts supe rior osmoregulatory a b il

ity allows it to u tilize a section of the environmen t unavail 

abl e t o Hemigrapsus orego n ensis . 
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Appendix I 

Field note s o n Rhithropanopeus i n Yaquina Bay 

Three s pecimens collected on 27 Apri l 1978 : males - 20mm,14mm , 

and 9mm(carapace wid t h) . Collec ted nex t t o culvert of 

s mall cre e k under Ya quina Bay Dr ive between the Burchett 

and Brace residen c es . Specimens were hidden under loo se 

rocks on ba nk ne ar cu lvert. 
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