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I1ITRODUCTION

Many taxa. of plants and an:i;r..als tend to have an increasing number

lJf SlH~ci~s.along ,:;. d~r..:.reastng la.titmHnal gradient. This increased

srec:i.es div(:r::.ity in the tropical regions compared to t..amperate.

areas has b~'2u !:eviE:wed by Fischer (1960) a:o.d has been discussed fot'

ma~~als (Simp30!i~ 1964; Fleming, 1973), plants and insects (Janzen,

1959, 1970),U::.::ards {Pianka, 1967)r, birds (MacArthur, 1964; Recher,

1969), end gastropods (TIlorson, 1952; Kohn, 1971). Most vi ~c.e

~uth()rs before 1960 used compilations of zoogeographic lists to

compare dive:..:sity and only i.n recent years hfl.~f~ stud:f.e~ be.:en dcn.e

or. siln:f.la::r, local habitats in the temperate and troFical zO'Ges.

Si!::paon (1964) say~; that til£: species diversity co~rlpariscns msde

by cOlllbll'\ing large geographic areas in the tropics or temperate zones

are_aff~ct~d by ~o compon..ants; ~he n~u~ber of habitats encompassed

()y the .cample r.1nd the changes caused' by eCC'Jlcgical proeesses wi-thin

hab:U:.Alts. For eJ;:ampl>::, as Pienka (19M) jndi.cates, Costs Rica has a.

!.:"..npe:::at:::: to high alt:U::uo.E:'. boreal. As one go"",,s fu!'thel~ !lorth to

h:i.ghcr latitudes, scm:.: oi these haoitats 110 longer exist so th:';d:: the

presence of mo:..e speci.'!?£: :tn Costa Rtca s dS a gec.gr~phic uhole, iR not

prO~2~ses allow luor~ sp£cieB to co-occur in tropical habitats than
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The theories that have been suggested as possible explanati0ns

for. the increased tropical divi2rsity haV(~ teen reviewed by Pianka

(1966), using mostly zoological e:l'::amp1es. Baker (1970) has cC'illmC:'i1ted

on Pianka 9 s revie't-,1 using botanical studies. Briefly, the: theories are:

T.m~ ECOLOGICAl. tum EVOl.iJITO,AP.Y T:.:ME ~HEORY~ The sp...de.-; di',~::'si.ty DE

8. region is assumed to itH~r.::~:;tBf:: over ~i~le~··anli since the tz:oplcs have

had more time t:o recover from. 1).lajOl' geological disturbtnces than have

the teI'lp~rete areas \>7hich have had recent: gla.ciation, there sho,~ld be

more. species in the tropics. Pianka (1966) ci~es eviclence to cast

doubt UP0.:1 the plausibility of this theory~ but Baker (1970) provides

evidence from plant~ that sugge8ts this theory may he i~portant.

THE THEORY OF SPATIAL HETEROGENEITY: There might be ~ genenl1

increase in cu',h'onmental complex:ity (Le. ~ more n.\..tc1.'ohah:l.ta~s) as

one p~oceeds towards the tropics. The mOTe heterogeneous a habitat

is, tbe more diverse the flora anG f~ana should be since more differ­

ent microhabitats exist 1;'.0 be exploited.

THE COHPE1.TI'lON HYPOTHESIS: Natural selection in high JatittHief; is

COIltt'olJ.ed l!l0stly by the rigorous physica.l envirOt~~n1';;. III the

tt'tfP1.CS it is assumed that "VagaJ.:':ti=s of the 'veathcr ~.:d oth('~!' 1'hY'3.:1.(..,.1

forces ,.re Eot as 3cvere and that the: increased p.:1.cking of spe.-:-icB

will btl accQmmoda ted by biologico!'i.l :1.11tE~r.nc t: :l.on;;;. 'i'hE: biologic!\].

centrel of nstt.~ral selection shoulc' p~·od\Jcf.~ sfi.lsllp.X' nichl? d:i.m;,;nsions,

such as L~OJ:C l"estricted food anrt ll\1.L.rollf.\b.:i.tl?lt ch:::d.:::.es, tl-ms a!Jc,,.;i.ng
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more species to co~xist.

TllF. CLIMATIC STABILI'l'Y T'HEORY: Th;;; regio'OS" "'Tld. s\:able climates can

allow the evolution of f1r:.e1'. adapt.ations than thcs~ lr.reas where the

climate is more unpredictable because an orga'iJism 'lU"olst be 'm()l"e

generalized to sur~ive a wide range of va~iation_ Finer adaptations

can allow more species to divid~ up the reE:~:mrces differently. Also,

a tr'tore stable climate could 8.11ow species to strrv:1.ve cOven if they

were rare. If 8 unit of habitat CEn ~uppo:rt the same number of

individuals in the temperate and tropical regions" there. could be

more r.are species in the tropical habitats_

THE PRODUCTIVITY tr.tPOTHE3IS: Ihe rcg:l.o!l with the great.er prouuc:tivhy

should have the higher species dive.rsity. PiattY.8. and Bakel.' dwell at

length on the eviile.uce against this theol"}'. C.:n)nel1 and Orias (1964)

morlify this theor-y by lncorporating it into thec1i.-n.etic stability

theory ~Il'hich makes it more plausible.

RA'I'ES OF SPECIATION \TERSUS E:f.l'INC1''iON 'rHEORY: Baker (1970) argues

that there are high rates of spp.ciation and.extinction u~deT unst~ble

conditions. In th~ tropics there are stable areas s like rain forests,

ne~r the ~nstable areas that can absorb some of the new species ~nd

prevent their rapid extin.ction; this increases the overall diversity_

THE PREDATION TdEORY; Pa:tn'~ {1966a) proposes that there are more

predators in the tropics which control tbe numbers of prey populations.

This r~duces the compet1tion Rmcng the prey S~~~iC8. The reduced



competition among the prey fcr :::esources should i?.llcw a,dditiGnal

species to exist at this trophic le~~l which in turn may Str~por~

different pr~datoA species. This contradicts th~ competition theory

which says increased competition for resources rather than decreased

competition increases diversity.

Some of the above ·theories overlap, and for any ghven situatton

the diversity observed may be a function of several of these concepts.

Some recent studies have been directed to testing some of these

t.heories.

There have heen studies or. several different taxa concerning the

correlation of spatial heterogeneity with smne measure of species

diversity~ Species diversity increases as the structural complexity

of the habitat increases for birds (HacArthuI', 1964; }le.e-Arthur,

Recher, and Cody, 1966; Recher~ 1969; Karr, 1971; Karr and Roth,

1971), fox' the ga.stropod genus Con~ (Kohn, 1967) ~ for some lizards

(Piank..a, 1967), for strea.m fish (Sheldon, 1968), a:nd fm: £lome insects

(Murdoch, Evans, end Peterson, 1972). In, the bird studi~s foU.age

height categories wer~ used to quantify the habitat st.ructure for.

the communities. For the .Anu,::ri,can lizards that Pianka (1967) studied;:

both veg.ctational vertical complexity and horizontal complexity (as

measured by Ie/ca,l rlj.st'ributi.on p~:tterns of 5.ndividuals of the plant

species) correl~t?d p~sitiv~ly with lizard d1versi~y. Kahn (1967:

1968) cO~L\parecl intertida.l and subt:i.dal Sl.1bstratc~a ',Thich differ :m

consi;jtency and verti.caJ. comple:dty wi.t:h t:hc speci(:,s diversity and

density of :t.rid:.i.\~idua.15 for (,~!e g~nu5• .~s:..X::Z_~., (,If thi';1 <-oral rep.!
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community in the tropics. Both the luose coral sp.ud substrate and

the flat limestone bench habitats have fewer ~O!~~ species than does

the topographically c.omplex s\.1btidal coral r~ef habitat. HO'¥lever,

the intertidal bench has n higher density of individuals. Kohn

did not look at the gastropod community diversity as a whole; thus the

relationsbip of the total diversity to these factors is unknown.

Some studies t ho,;.-.ever, suggest that structural diver:::;i ty coosid-

area alone is not the best explanation for increased diversity.

Pianka (1969) concludes that rha total ntJmber of lizard species in

Austra.lian deserts is not explained by environmental structure alone,

but also by cltm~te and history. Fleming (1973) feels that the

increase in diversity of forest bats in the tropics is qualitatively

related not to v~;getational structural heterogeneity, but appears to

be due to utilization of new food resource bases such as fruit,

nec.tar, blood~ and animal matter. Temperate zone hats are primarily

insect eaters. Orians (1969) conludes that although the birds he

studied in tropical forests appeared to divide :he habitat into finer

vertical laye~s than sL~ilar temperate species, the presence of bird

species \lhich utilize different foods and foraging techniques than do

bi~rds in 'i;;he temperate zone ma.y be important too. The increase i,n

t!opical snake diversity is highly correlated with the increase in

prey species (Arnold, 1972), and this is enough to explain most of the

lati,tuciinal va.d.action. Arnold (1972) suggests that th~ number (if

prey species may be tb.e most proximate ';ariable ,influep.cing lizards

:1..:.:;, rianka {6 studies rather than vegej:atiQual height: or vollmle since
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most lizards are carnivores.

Paine (1966a" 1971) end Forter (1972) working wIth marine systems

where starfish are impvrtant predators and Harper (1969) in fielc

s:1.tuations with ShNlP £.6 the dominant IH"~rbi,m:C2 gi·ve evidenr;e to

support the theoI."j that: key?r.eaators can ~pI:event rcscm:C2 monopo1:i.-·

uti.on (space in these studies ) by a fSV1 species of prey so that

more specias can co~ist in the system. If~ iu the absence of

predators, these communities were allowed to reach higher successional

stages, space could be monopolized by one or a fe~ species (Auclair

and Goff, 1971)~ but through the action of predators, the space

monopolizing prey species populatj'.ons are disrupted.

Paine (lg663~ 1971) proposes that this control of community

structure by predators may occur generally and says that the tendency

for there to be more carnivorous species in the tropics would support

this predation theory. The trend for increases in the relative

number of carnivorous species along latitudinal diversity gradients

~ists in mari.ne gastropods (Paine, 1966a; Keen, 1971) t j.n zooplankton

(Grlce s!'ld Hay't, 1962), and lizards (Pianka, 1967). HOfiever, if the

namber of potential prey s:.pec:tes alone can cause an increase in

predator spaci~s diver$ity as suggested by the studies of Ar.nold

(l972) and . Fleming (1973») then Paine~s predation hypothesis might

not be o.pplicable tG all taxa (Fleming~ 1973). Also, as Moynihan

(1971) has pointed out~ on gross geogt'8phic terns, the L-;:l1ative m)mber

of sp8cias of eagles, hawks, and owls and terrestrial ~nd fresh water

G,i:tnivora 1:1 the north tenp~~r.ate 2.one i~ ei the, ldgher than or similar.
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to tha~ of £quivalent areas ~n the tropics. So th~ relative trend

of greater numbers of caru::l'.vores in di.ver::'se t:r~p:!cal a:re~s may no t be

true for all tro~a.

~ithnugh there ia greater Marine gastropod species diversity in

the tropical West Americas than in the temperate regions (Ke~n, 1971),

beth Paine (1966a) and Bakus (1967) report ln~expectedly low gastropcd

diversity in some local intert.idal areas which were e."'i:smined qualita­

ti~ely in Costa Rica.

The general purpose of this study was to ~~amine quantitatively

local recky intertidal are2S in Oregon, Mexico, and Costa Rica :i.n

order to compare the local ,spf.;.cl.es diversit, and trophic st:;:'ucture Df

provide answers to the following questions:

A. How do exposed coast rocky intertidal areas in the temperate and

t~opical West Americas compare in relation to their gastropod

and eM.ten community structure"?

B. Are there any physical factors that can be correlated wit:ll

o~eral1 gastropod a~d chiton species diversity in t~mp~rate and

tropical rocky intertidal areas?

C. H~w is the increased species packing accomplished:

1. Is there an increase in the tlbe.t:'Io1eeti. habitat" component of

diversity as predicted by HacAt"'tht.n: (1955), or are "wit.hin

habl.t.Ht U foree.s ors~Tat:ing'l

2. Can the lncreas!' in diversity in t:he tr,)pics be related to



the la.rge increase in carnivorous gastropod sped.es !!s

suggested by Painets hypothesis?



SITE DESCRIPTIONS AND hf7.fRODS

The localit::l.cs (If the transer.ts are described 1.:1 Tab!€. I z and

Figures 1 and 2 are pic.tures of four t:rama~ct3 cC';)J:pariug tha general

t.opography. Costa Rica was chosen as the tr9pical study area because

the tidal ranges there are similar to those in Oregon (ci. U.S. Dept.

of Commerce Tide Tables). The site in M~ico was picked to compare

the tropical roclq intertidal cODMunities in &n area with aIm tidal

range with t.he Costa Rican areas with a 3 m range. The Oregon

transects were studied in. the S1':d118 and Smnm.t.:lI' cf 1970, 1971, and

197:2; the Cost<=l Rican transects in .Js.i.1uary and irebru&ry of 1972; an<'

the i-lexican tral1.sect in .January t 1971.

Four of the six vrt:gCln tr.ansect!;; wer~ made at CapPo Arago State

Park near Charles tOil. Dreg~n. Transects were dune in North, Middles

and South Cove~ in or-del:' to s8'1lple areas with different Wlwe exposures

and topographies. The oth£'t' two transects were ;;lade on the north­

fa::::ing side. of Cape Eh.!lcO ~Jhich is approximately 15 :milf;$ no!·th !If

Port Orford, Oregon.

The transect i11 Mexico ia at Puerto Angelita, 8 &"mall cove belo~;r

the airfield at Puerto Escondido in the state of Oaxaca. Most of the

rocky areas along this region of the Mexican coast consist of cliffs

dropping into about 3 m of water so that it ia difficult to find a

rocky intertidal area "With 8 horizont:8.1 c,;:,oponent.
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TABLE 1. STUDY S1'l:E DZSCPJ.p'nONS

LOCALITY

Cape Aro.£.o,
Oregon, t:, S a All

1~AT!TUDE

l~3.32°

TIDAL
[(".NGE

2.b

TRANSECT NA't'"!E
<.Al3I',JUWIATF)N)

North Cove (:-JC)

GENERAl. DESCRIPTION

e:t.Jf:f with high
spl<lsh pool

ROCK
'XYPE

s adiml,mtary

}lidJle Cove 1 (Mel)

}addle Cove 2 (MeZ)

South Cove (13 C)

ledge area '(.1it:h
no loose boulders

boulder field

bedrock with outcrops
and loose boulders

II

"
1.1

t,

II

II

G~pe lHanco
Oregon. U. S .A.

l12.500 2.2m Cape Blanco 1 (Cn:) bedrock with outcrops
\ llnd loose boulders

metamorphic

Cape nlanco 2 (CB2) bedrock with outcrops
and loose boulders

" "

Puerto Escondido.
Oaxaca. Mexico

16.25° O.8m Puerto Escondido ePE) ledge area with large
tide povl and n few
loose boulder.s

slightly
metamorphir;

basalticl"luya. Hermo~a)
Guanacaste.
Conta Riel.

10.50° 2.7m Plr,ya. Hermosa 1 (PIll) bedrock 'vith outcrops
and loose boulders

Pl;.lya lletlnt,sa 2 (1'112) bedrock ,,,ith outcrops
a~d loose boulders

'Playa Ilermosa 3 (PH3) bedrock w1.th outcrops

"

"

"

"

....
(,,')
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SJrnara, 9.37° 2.1m S~mara 1 (51) flat bedrock, outcxOP$, sHghtly
Guanacaste. and loose bou1de~s ntel:amot'ph:l.e
Costa Rica

Samara 2 (52) flat bedrock, Qutcropa. " II

and much algal turf

Sike.ra 3- (83) flat bedrock with I; II

outcrops and tidepoolu

QU~-I'OS~ 9.45° 2'.5m Qu6pos 1 (Ql) large boulders basaltic
Puntarenas.
Costa Rica Quepos 2 (Q2) bedrock with outcrops II "

and 100so boulders

r'
~



FIGURE 1. Photographs of the Oregon transec.tsat.

North. Cove (left) and Middle Cove 1 (right).
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FIGURE 2. Photop,raphs of the Costa. Rican transects
, ,

at ~H:!POS 2 (top) and Samara :2 (bottom).
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M::. Playa H(:;;T.1D.os&,. a resort i.n. a ST.zall bay a::"Dti,t 7 miles north of

El Coce (Playas d~l Co~o), Gunnac~ste. COS~& Ri~a, Hel~oss 1 and

BermOBa 2 transects were made en the southern sid~ of the hay and

Hermosa 3 >:m the 1Ii.;.ne axpO~t,rl r.orthi':rn side to s"m,ple diffcr~!l.ces in

w::;ve ~..xpo:;;ure. This area an.d. S:ima:ra are in the 13:s:v region of Costa

Rica. The 'Tillage. of SalM.ra is .3 hours by automob:He toward the coast

fT.O'fil. the t:Q\ffi of Nicoya, Guanacaste, Costa Ri.ca. p"n ext~nsivf:

intextidal £1et is mostly protected by shallow rock reefs just off­

shore. Th~ thr~a trensacts here were picked in areas that diff.ered

in topography and in pt:'otectio:n from 'la.ves bj7 th£! :r:eefs. The la'3t

t"10 transects in COf-~ta Rice ,,-re;>l'O done at Playa Viauuel Antc.li(~, 8 sma11

and Quepes 2 on the northe:rn. Thi.s p.e.!'ticular region is V€t:y wet

At each locality a g~ne~al area was chosen that differed from

the m.:he:c t-c'U':.secl: areas f.t t:he i.m.<nediate loc,aiity in te.rms of ,,,ave

e:Kj?0sure a:ne/or: general topt"gt'apbic appe<-i:ranc.z.. The basf: poi::l.t for

each t;:nnsect "730$ det:·zrm.iiled. in the fol1o..11ng lashton: a point ",';;'$

m~rke.d at the high tide drift line and the b8S~ point w~s pl~ceci a

nt:.rr,ber of mete;.:;,; (betw:::e:n 0 and. 50) chosef!. fruru a random j..,.umDg:r.~. table

hom this point: pe.r.allelr;o the hig:n tide 1J.·:H.~. If t.he pcdnt picked

sit?-d. a line rerp:endicula:c to the h::'gh tj.de l:!.ne '"ilich crossed terJ::'a:f.n

imposd.b10 to s.t'.mple (ia e. ~ a big cliff), anoLh~r random m.Iiaher' ,,,8,5

ch;-.Hseu. 'ihe tr<::nlS{~Ct '\-<'<::$ layed OHi'. by str.·;:;:t:ching tau' <l :netl.' .\(: tape
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llH~t.er sampled along the tape by 'Usin2; a ~n}.rvey:i.ng method to oetennine

the height of the substratu.1TI. in rel<:.don to a (1 m. tide. The sunreying

metllOd (F1.gvre 3) consisted of .a. stationary (A) and a ll':;()ving pole (13).

The statiollary I'ole was marked wit.h cne flag 1 m frct'.:J. the bottom of

the pole and another flag 2 m from the bottom~ while the moving pole

was marked in .5 mm intervals from the bot-tolL.. Pole A \-Tas fixed in the

lower intertidal and pole B WaS placed on the substratum next to the

position en the tape at which a height reading was desired. wnacever

point on pole B that visually lined up ~yith one of the flags on pole

A and the horizon (C) \oTaS the he.:i:.ght reacling (11) in C!'l for that

det~~-:1id.o.ed. f1:'om the U.S. Dept. of Cm{ffilerce tide tC?bles~ t.he height

of the bas(;; of the re£ere.n.ce pole A above the "-later level vas dJ.:rectl:r

meaHu:!"(;d and the hei.ght readings were corrected accordingly.

Tht: accU1:tl.,,:y of the height of t.he l,,~v tide :i!~ limited by t:le

atmosph.zric press\.'!'e, surf ct')nd:i.tions~ and the a.ccnracy of the t:i.de

tables the.'Clc",1"·2s,. Vile major problem with. comp2xing tidal heights

betwf~el1 Costa Ric.a :;.nd Oregon ie that P m cine is Me~n Lo~te;:- 1.0101

Water in Or.egon, but it is based on Mean Low Water Spring Tides in

~Qsi:a Ric::-i. This meEms that thf; 0 TIl reference point Ip Costa Ric£'; is

actually lOwer than the same point in. Orezon. Top~graphic pr-ofHes

made fOT the ti::3.;:we:::ts using chis method f:\?peal. 1.n Appendix 1.

Gaflr.r.opods, e:h.itom; (hereafter lumped under the term gastrc-pod),

and astr.;roids ~'lere sampled by pLacing 1 ro.:? tluadratfl across the trannec:t



FIGURE S; ·.Di~g:r.gm of the i-nt~:ri::tdal heigh:: .surv.ey
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method. See text for details.



19



20

line at arbitrarily set inteocvals according t.o the length of the

transect a.cd the time a::railabl I.e to complete the 'Work. For inst:,;:;.nce,

South Cove ':';,1assampled for a.utmals and hei.ght meaSt~rem'.:!nts zvery neter

along the transer;t line while at Sa-."8rB 3 the i~H:a'2".. val was every 5 m.

Within each quadrat all st:m:fish and srv.dls, chi~ons~ and nudibranchs

were counted.. Venuetids and octopuses ~ ~Ilihtch occur in all the areas,

were ignored. Due to difficult.ies in diffe.rCp.1:i8.t:i.ng the numerous

small Fossari~ sp. from the simil.9.:dy shaped and marked Littorina

aspera in Costa Rica, these species were lumped. Similarly, ~cmaea

par8digitaHs, ~'1hidl r'Z!sembles A~ digi.tal:is in OZ'egon j wer2 counted

as A. di8itali~ in the Oregon transects. Woen ~it~orina spp. and

.Acma~a. spp. occ.urred in high r"o;U;:;.be.:c~~ they W~I"e c()unt~d by randol!.tly

2 ?
placing si:.x 10 en . quadrats \.;iHd.n the 1 m'~ quadrat and the density

per square meter wa3 p~txapolatej £r()ID the average of these counts.

Although the positions of the flpedes were also not.ed (ti.nder

rocks t on top of l'ocks, et~. it it is :L.l1portant to rememler that

these positions were only for 1m,,' tide periods; the positions 1..\1: high

tid~ for most tropical species are unknown to this author.

The prey of the carnivorous gestrcpods were dctel~ined from

field observatiolJs and by collecti118 inlHviduals in the field~ ::1.60-'

lating them in covtainers of. sea water for up to 24 hrs, and then

examining fecal pellets for prey hard P&Tts ~ith a microscope. Poly~

chni?t~s, gastropods, chitom·; ~ most sipunculids., tlponge, and Inn:naclea

Rna other c:r~.1star-e<~ns all have identifi<tble he.rd parts which are
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The ....olume cf the gastropod and ('.hito:.1- species>:w.s estimated from

shell measuremen.ts of represent&tive indi'Yiduals collected by the

author (A?peudices 4 and 5). This is a t:rlJ.ae est:i::nate :;)f biomas:: i!.ud

is only mea.nt to provide a way of comparing Y€:;latlve, not averRge,

sizes of the various species. r predi.c~ that i.t" the actual bioID<:>.SS

of each species were used, the trends would be similar to those found

using the species volume estimates.

Species diversity was

Shannon-l'1iener Inform.st:i-on

proportion of the total of

measured by S'imple spec :tes Ii?J.•"'nber, the
s

Stati.stic (R t
oj> -,l.ViloS",p. ~7here Pi is the

j •.,3.' - ~

the ith categol~ and S is the total number

of categor:tes (Pielou, 1966» ,. arid l1'v·OY..Ut1E . (using volU1T!C instead of

much ccntrmrerBY regarding ....·hat statistic is a valid m.~asure of species

c..\ivercity and whether any lJf these statistics tell us anything

"l-.t 1 . 41 ~ 1 (Y.,. 1(;-'" f;: d 1')<"" R·.... -n"'1)-r.... :oog:U::3..Ly 'Use:t~ !'ager, ./..:.; ...an erSt;uD; \.:r.'_u(~!'t, J..';11 , J..

have chosen to refe!' pr.iroarily to the simple nvmber of species when

talking about sped.es div2l-sity in this papel.. ;n~oth.er re'lson for

using the rmmher of species is that there m:'e soma raJ~'{~ ~3peci~s ,,:rhich

li;!.'C found regularly and which are important biolog:icaH.; :':0 the

co::mnunity, but 'i\i'hich are under€'nphasized 'Using other diversity ~ta.tis-

tics (Pianka, 1965).

The fndex suggeHt:t~d by Whit.taker (J..960) to compare the smilari.ty

of groups of Obj~Ct8 is used to compare the species makeup of psirs of
s

'Ct'aIH;::;ctS.. This index 1.8 defined as: I "" 1 - 0.5 (2:. 8.-t - b i )
i", 1. ...

~ ~ :is the p:ri»)?O,t.:f.at:, of s?0cies i of all sfH:ciee tn tt'an~ect A,

where

b.
:I.
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the proportion u. transect B, and ~ is the total numbe~o~ Rpccies.

The index has a value of 1.0 for ~omplete similarity and 0.0 for

complete dissimilarity.

The gastropod and chit~n species identifications (Appendices

2 and 3) were made using McLean (1969)t Keen and Doty (1942)$ and Rice

(1971) for the Oregon species and Keen (1971) for the Costa Rican and

Mexican species. Dr. James McLean at the LOB Angeles County Museum

also assisted me by identifying the turrids from Costa Rica and some

of the uncommon Oregon species.
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GASTROPOD COMHiJNIT'Z STRUCTIJ1<::E COr:-PA..iUSO:;;S

The results of g.a.c;;t:ropod species dive.rsi.ty ~ a:br..ndiillce, aud

estimated vohlme e.ppeaT in Table II and the herbivon:-carnivore

relnt"ionships for the different transec'tB appeal:· in Table III. Only

the transects ir;. Oregon r.nd Costa Rica 'tvere compared statistically

2
since the Puerto Escondido transect was sampled using 2 m instead of

~ 2 d d ~ "d' . t' i 1 d"£4- tJ. m qua rats an, tue tJ.. U.1. r.f'~'1ge and ne spec as poo are J..·.:e.:r1:!n.

from Costa Rica. The significantly lower simila.:ity coefficients

(Table IV) of the Mexico-Costa Rica comparisons compared to those

occurring among Costa Rica-Costa Rica groupings (t=3.088 t P(.OJ~

2 t~il test) suggest that the species pools are somewhat different,

probably bacause Costa Rica is several hundred miles south of Puerto

ESCOl1dido~ Hexico.

There is UlUch variation in the total number of species, indivi-

duals~ ffild densities of gastropods among the different transects in

Oregon and Costn Rica; consequently, there is no significant

(lifferenc.E.~ cet'\veen the temperate and tropical transects with respect

to these three variables (Table II). Differe,nces in spec:tes diversity

as mea:mred by R1 are not significant either; however, the H1VOLIJNE

mea&nre is significantly higher in the Costa Rican transects. This

is probably b~cause the large carnivores occurring in small numbers

.1OW have a gr0ater contribution to the diversity statistic than the

m:mf.:.ron5. but smnll£i..- herbivore species. The reverse trend is true



TABU: XI. COMPl-.RISON OF SPECIeS DIVF.Ril:rlY, DENSITY. AND VOLUHE OF ~ASTROPODS AND CllITONS IN ZACH TRANSECT

OREGOH GOS'LA RICA MEXICO

Nt; 11Cl :1C2 ~c en ,CB2 .. PH1- FH2 • PH:; 51 '1;2 S3 Ql Q2
Oregolll

Costn Rica
St.udent's t

l'E

Nunfber of
Sp€des 1:3 Hi 28 36 19 22 27 28 15 .'B 34 29 38 26 1.1;71 '.2

'r'oteJ. Numbe'r
oJ: !:''Ld h'iduals 480 l1o\) ;!I~OO <JS77 2711 1817 4780 708 1363 1125' 711 1100 '642 166 1.177 701

~\~mber af m2

Quatlrl".ts fl 14 g 51 19 l:i 14 15 13 23 25 32 iii 9 38

Ga8t~op~d Density
per ~12 61 83 171 188 143 140 341 47 105 49 23 34 1;6 18 1.t05 18

Sstir.:ated To2.al
2M 150 144 255 69. 9/1 32 19 12 15 13 26 13 4.545** 2/iVolu!:IC per !:l . 8

Cec)

H,l 1.23 1.52 1.?6 1.55 1.04 1.63 1.23 2.25 C.a3 1.71 2.il2 1.84 2.49 2.41 2.121 2.66

",

1
11.0081.....H'VOLUME 0.66 1.14 1.37 1.60 1.61 1.70 2.15 2.05 1,58 2.17 2.44 1.93 2.52 2.0G 1.28

,~p <. •05) 2 tail tas t
**1' <..01, 2 tnil test:

1
calcu.1..nteu using l-:Jg

.e

;'"
.~
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TABl.E IV. VALUES OF TIlE HIHTT1-;KER INDEX OF SnUI..lulITY n1RTHE SPECIES

CQl1PQSITION OF TFANSECTPAIRS

OREGON

r~C :HCl HC2 SC ('" 7 CB2i.,...,1.;J.

NC .78 .05 .09 .20 .18

Mel .25 .27 .36 .38

HC2 .84 .. 70 .62

SC .70 .68

GEl .70

COS~CA RICA &HEXICO

PH! PE2 PH3 S1 52 33 Ql Q2 PE,-

PHl .14 7"'J .21 .. 48 .07 .23 - .16 1 '. ... ••• '+

PR2 .09 .15 .12 .18 .56 .29 .10

PH3 .18 .33 .04 .20 .15 .14

<:. ~ .25 .58 .18 .22 .04...,.~

82 .19 .22 .18 .16

53 .ll. .15 .04

Ql .37 .19

Q2 .17



for the volume of gastropods and chitons per square mete.r: the

tem.perate zone transects have higher values than thvse. from Costa

Rica in all cases. This may be due to the large sized herbivorous

chitons and numerous~ relatively large Jef:;ul~ fu!:~bralis found in

the Oregon transects.

Although t.l-J.e.re appears to be no statistical differe.nce betwE'!en.

the average number of species found in the Oregon and Costa Rican

trallsects, the species pool (t.otal species) for OX'egon (44) is much

smaller than that of the Costa Rica samples (75). If the Mexico

tra~seCL is included with Costa Rica, the joint species pool would

increase tc 96. Thus there is an increase in gastropod diversity

with dcc~eaGing latitude wheu large geographic areas are considerea.

The carnivorous species form 41%, 52%, and 51% among the Oregon,

Costa P~can. and Mexico-Costa Rican species pools respectively. Ou

the basis of the sampling, there is no difference in the number of

herbivorous species between Oregon and Costa Rica, but there is a

sigtlificant difference in the number of carnivorous gastropod

species, "7ith most of the Costa Rican transects having more carnivores

than most the Oregon ones (Table III). The results for the

herbivore tf;} carn:tvore ratios also indicate this treuc. The

herb:tvores make up a larger proportion of the number of individual

gastropods and the volume iIi the temperate zone. The much larger

cOlltl"ibution by the carnivores in Costa Rica to the volume of gastro-

pods that!. to the number ef i.ndividtlals is due to the fact that many

of the. ca:rnh"oT.ous species are la.rger than carnivores occurri.ng in
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Oregon (cL Keen, 1971.).

The presence of more rare species in the. tropical transects is

not firmly confirmed by these d.ata. Most. of the Costa rd.~an trsnsects

have a larger (alUl0ugh not significantly) percentage of species

unique to that. transect and significantly 10iio7Gr percentages of ubiqui-

tous species (species occurring in all but one transect) than the

Oregon transects (Table V).

If there are more Tare species in Costa Rica, .one would o..."'>:pect

to find that when comparing two tropical tzar"sects t:he number of

species not found in both would be higher than in a pair of Oregon

transects. This was m~asured by computing coefficients of similari.ty

(Hhit.tcker, '1950) IV).

Oregon transects have significantly higher similarit.ies than the

Costa Rican ones (t:::2~665, P<.05, 2 tail test).

The case against more rare species occurring in the tropical

tr.ansects is supported by Table VI and Figure 4. Karr and Roth

(1971) defined a rare bird species as one whose individuals make up

less than 2% of t:he conmmnity. Although thi.s method is prohably

not useful for snail populations because some £.pecies are super-

ahundant, ·it ;;.,;as e.pplied to my data to see what 'would happen ( Table

vI.) • There i,;; no signifieD.n.t difference bet;;".,een Oregon a..d Costa.

Rica '\>7ith regard to the percent of species comprising less than 2%

of the total individuals in each transect (t""O.120, P >.05, 2 tail

test) n.or is there a difference in the percent of total ind.ividuals

made Ui' of lI!"are li species (t=O.750. P> .05$ 2 tail test).



TABLE V c PROPORTION OF UNIQUE .ASD UZIQUIIOli3 (APPE...t\?.ING IN i'!.LL

TRA~SECTS EXCEPT ONB) SPECIES IN EACfl -:rR.Al~SECT
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Transect
Proportion of npecies
unique to transect

Proportion of.
ubiquito~s species

North Cove

Middle Cove 1

l-tlc1dle Cove 2

South Cove

Cape Blanco 1

Cape Blanco 2

Playa Hernic::;a 2

Playa Hermosa 3

Samara 3

Qu£pcs 1

QtlCj)CS 2

.08 .69

.06 .. 72

.07 .50

1') .42• J

.05 "79

.04 .64

... i1 .30

.11 .28

.13 .. 47

.13 .24

.. 15 .21

.10 .17

.13 2 1. ....

.08 .27

Or2gcu: Costa Rica
Studentfs t.

*P(.Ol; 2 tail test

1.789 5.419*



TARLE VI. THE RELATIVE RJ>..p.m·IESS OF SPECIES :;'U OREGO~ AND COSTA
RICAN TRA:~SECTSAS DElINED BY KARR :AND 'ROTH (1971)
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TRANSECf

NC

Mel

HC2

sc

CBl

CB2

PROrOiITION t'JF SPECIES
l..JITH l.ESS THAi'I 2%

OF TI~E TOTAL NUMBER
OF' INlJIVIDU,ALS

.54

.86

.89

.79

.68

PROPORTION OF THE
TOTAL NUJ..ffiER OF
INDIVIDUALS 1111'.T
~~ R~~E SPECIES

.02

.06

.09

.• 14

.08

.06

PH2

PH3

51

52

53

Ql

Q2

.85 .05 .

.64 •09

.73 .02

.79 .11

.85 .18

.79 .06

.71 .11

.65 .15
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The regression lines fer the number of species represented by

one individual in a quadrat versus the total number of species in that

quadrat (O'regan: Y = O.l~25X --0.791; Costa Pica: y..,. O.t~30X.·- 0.245)

are not significantly diHerent (t=O.103, 263 d. f., P» .05 ~ 2 tail

test) . The results of this test also suggest that rare spec.ies OCC;.lt'

with ::.he same frequency in bo'th cases.

The major problem with defining a rare species from the data is

that the, truly rare species may not have been sampled.. Also, owing

t.o such high numbers of some herbivorous snails like .!-ittorina spp. ,

it is vex)' easy for most snails which occur in small numbers but which

are frequently encountered to be less than 2% of the total individuals.

The similnrity of transects would also be expected to be lowe~ in

Costa Rica than irl Oregon if the distl:ibutions of some species were

patchy due to a sT,ecialization. on some resource whic.h is itself

patchy.

Table VII sh~ws taat carnivores for~m the highest percentage of

the unique species in both areas while herbivores are the most

ubiquitous species. This may be in part due to the trophic pyramid

toffect) i.e.) that there are relatively fewer :individual carnivores

compared to herbivores in a system bec.ause of energy losses fro~ the

herbivore through the carnivore trophic levels.



TABLE VII. THE RELATIVE CONT~{,IBUTI01~ OF II€RBIVOROUS
AND CE~RNIVOROUS SPECIES TO THE NmiBER OF
UNIQUE AND UBIQUITOUS SPECIES

UNIQUE SPECIES
OREGON COSTA RICA

UBIQUITOUS SPECiES
OREGON COSTA RICA

PROPORTION OF
.38 .3i .73 .88HERBIVORES

PROPORTIO't-l OF .62 .63 .27 .12CARNIVORES

I..,
!'-,)
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SPECIES DI\~RSITY ·p~D PHYSICAL PAP~~TER RELATI(mSHIPS

Previous studies on birds and lizards suggest that for some

communities c.ertaili physical parameters can be used to predict species

diversity; iherefo7.e the relationship of species diversity to various

physical parameters measo.1red for the rocky intertidal transects was

examined. The par~ueterR used in this study are: wave exposure, the

proportion of sample quadrats in the mid and low intertidal zone, the

latitude of the transect, the proportion of sample quadrats containing

the '.mdersides of rocks as nabit,a.ts, and two measures of topographic

relief (T,able VIII).

The degree of exposure of 8..'1 intertidal area to wave shock 1.8

important in cetermining what ~inds of organisms occur there (Lewi$)

1964; Ricketts, Calvin, and Hedgpeth, 1968); therefore I made

quali.tative estime,tes of wave. exposure for each transect. The res'Lll­

ting ranks O. receives the lowest wave shock relative to the eIther

transects; 5 the highest) appear. in Table VIII. The surf vTaS calm

at all the Costa Rican si.tes durIng these studies ';';0 I had less of an

idea of rf~1.,~tive exposure. there than at Oregoll.

The lE~ss tlme an are,a is uncovered by the water, the less t:l.me

it. is eX1Josed to the drying effec.ts of the sun and air and the less

c.hL'mce there is of exposure to fresh t.rater. For these reasons there

sh0uld be more specir"s '.n the mid and lo"! i.ntert5.dal zones which are

u.ncovered less irequentlJ than the high zone (Ricketts ~ CalYin. a.ad



TABLE VIII. SUM~UffiY OF THE PHYSICAL PAP~~TER MEASUREMEN!S
FOR THE OREGON AND COSTA RICAJ."i! TRANSECTS

P?.OPORTION OF PROPORTION OF
qUADHATS IN QUADRATS WITH PROPORTION OF

WAVE HiD A.1\fD Lm.J T.~NDERSIDES POSSIBLE C}~NGES

l'RANST<:CTS EXPOSURE ZONE LATITUDE OF ROCKS IN SLOPE DIRECTION n'RELIEF

],\olth Cove 5 .27 4" 3",0 .00 .34 1. 76..). to.

~1idd Ie Cove. 1 4 .38 " .14 .23 1.86

l1iddle. Cove 2 2 .75 " 1.00 .55 1.95

South Cove 2 1.00 II .• 53 .48 1. 61

Cape BlancI',) 1. 4 .70 42.50° .26 .29 1.76

Cape Ble.nco 2 4 .92 II .54 .48 1.50

Playa Hermosa 1 :3 .57 10.50° .50 .47 1. 63

Playa Hermosa 2 3 .84 II .40 .60 1.26

Flayl? Hermosa 3 4 .60 " .08 .50 1. 01

S::!·~e.;a 1 1 .89 9.87° .35 5t: 1. 06• :J

Sa."ara 2 2 .97 II .60 .58 1.08

Sap18c8 3 1 1.00 II .19 .63 0.60

Quepos 1 4 - 9.45° .79 .52 1.92

Qm~pos 2 4 .94 II .67 .42 1.88

'5

l'>
.l::-
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Hedgpeth, 1958). The more of the total area of a tr.ansec.t that is in

these zones» thB. more spec:i.es there could be because of ·t:heinc.:Ieas~d

area for hahitati0'n receiving fe;,ier physical stresses. Figurer, 4 and

5 show t.i.l,at there is a sign.ificant negative relationship (p <. .05)

between the number of gastropod species and intertidal height.

The separation height bea?e.en high aud Inid intertidal for Oregon

;;TSS taken as 174 etn based on C.H. Yonge ' s method of zonation (Ricke,t.ts.

Calvb., aud Hedgpeth, 1968) for California. Since. the tropical

iutert:idal areas :3:.:-e not as well studied and the ti.da,l le\~el refer€:ace

point is different fz-om that in Oregon, the upper height for the rn.:i..d

intel.t:Ldal in Costa Rica was based on gastropod species assembla.ges.

T~e assemblage of gas~ropo~ species e~umonly occurring in the

v.PIte:r :intertidal zone in Oregon was derived from Ricketts, Cahdn,

a..'1.d 'Hedgpeth (1968). The species comprising the high intertidal

ass€::,lbl[j,?,e a.re I.ittortna scutulata~ Acmal-.!a Eigita.lis, ! . .£.'§:lt8.!. and- ---~-_.- -
_Th~ .9~3.rginata.. The Oregon snails liVing in the lOvler high and

The Costa Rican gastropod specioa t~at I feel

corresp,'nd to th0 high intertidal Oregon spec:i.es inclur:c: 1ittor:Lu~

ThE: high-mid intert5.do.l junct:i.on point in Costa Rica 't,'as

uG.t€l"Dln.ed as r.he lO',rest Iud-ght reading U20 em) in the: quadrots

t:ontd.ni:ng cnly these g2stropo::1. species con::.?spoud:i.ng tc the high and



FIGURE 4. The relationship between height in the intertidal

and species number for Oregon transects. The

regression equation is: Y = -20.l0X + 241.40.
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FIGURE 5. The relationship bet,;een height in the int~rt:tdal

and species nmnber for Costa Rican transects. The

regression equation is: Y = -6. lOX + 76.90.
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upper mid intertidal species assemblage.

40

,
Quepos 1 was not included i~

any calculations involving this parameter since most of the intertidal

height measurements occurred on the tops of large boulders. This

means that. the aver-3.ge recorded he.ights of the individual quadrats.

·are. much higher tha;: the actual intertidal height encompassed by ea.ch

quadrat.

The number of individuals in quadrats from various height8 in the

interUdal zone are plotted in Figures 6 and 7. The quadrats ..dth

the highel:' number of individuals occur in the mid tide zone aIlcl the

curve t.apers off at both ends. The highest numbers of individuals

per quadt'at are due to the high numbers of Littorina spp. in the upper

mid intertidal z~n~.

Latitude wC'iE included. as a Yariable since it could include some

paramete.rs that are different i.n the tropics compared to the temperate

zone. but which were not measured in this study. Factors like the

amOv,l1.t of prim~i.ry producthrity, the year-round dependability of food

availability, th~ length of the geologic time period \vithoi.lt major

phys:.kal catastrophes, and immigration rate.s could be larger or sma,ller.

in the tropics cOI"pa.rcd t.o the temperate zone; these could be enl;:.cm-

p<:lsscd by the latitudp. parameter.

Topographic features are importa""lt to i1'lterti.dal organisms since

exposure to Wc:..Vf.:: s::'rJc:k and desiccatiO':! ean be affected by the nature

of the tGpograpbic relief such as crevic~~;::; Hhich provide. shade>

del,~ress5.ons fer ti.dc pools. and boulders to break the force of the



FIGURE 6. T!,,~ .relClt~.onship between.the number of individt,la.ls

in a quadrat and the average height of the quadrat

for the Oregon transects.
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FIGURI~ 7.' Thi:!' rchtionship betFeentJ:e number of individus.lu

in a quadrat and the average height of the quadrat

for the Costa R1.can transects excluding Quepos 1.
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topography might s,Jpport a larger species diversi.t.y than a flat ?rea,

other things being equal, since a gr2ater variety of microhabitats

would exist ~ each differing i.n the amount of e.."'{posu~re to waves and

c1esiccation.

Three d:i.fferent measures of topographic cQmple:ldty were deter·-

mined for the transec.ts: the availability of undersides of rocks,

boulders, or l~dges; the proportion of tinles the topographic relief

reversed in slope direction; and the difference in heights between

consecutive height readings along the transect lines.

'rhe availability of undersides of rocks, boulders, or ledges

inc.reases the topographic complexity of an area and provides

microhabitats t:1.at are mOl·e prot.ected frnm-d~s:tccati.on and ...~r,..ve .

sh,n:k than areas with just bedrock•. A significc>..ntly higher number

of sp(;:cies, but not of indiViduals, are found in quadrats with this

feature (Table IX) in both Oregon and Costa Rican transects. For

this reason the proportion of sampled quadrats with these features

available as a gastropod refuge was computed for each transect

( r~ bl 11'...·.,..1).La e. ,;.!•• J. •

TopQg~aphic relief was quantified .for each transect by us:i.ng the

intertidal height data taken at 20 cm intervals along the transect.

These data were broken into two components: 1) the proportion of

tir.:les tha~; a change. in direc1.:ion of. the slope of the transect line

o(':('urred between two con3ecut.ive data poin.ts and 2) the absolute

difference betw,een corlseCi..!Liv~;:. heigh I.; readings.



TABLE IX. THE AVEPJ...GE NlJl1BER OF SPECIES AND INDIVIDUALS FOU:N"D IN
QUADRA.TS iJITH AND T."iTrUOUT· THE UNDERSIDES OF ROCKS AVAILA.BLE
AS HABITI,rs POR GASrROPODS •. THE !'.TU1·ffiER OF QUADRATS IN EACH
CA'j~EGORY IS IN P.;\.RENTHESES.;

lLREA

AVI:.RAGE :t-illNBER
OF SPECIES IN
QUADRATS WITH

AVAILABl.E UNDERSIDES
OF ROCKS AND LEDGES

AVERAGE N!JHBER
OF SPECIES IN

QUADR..\TS HITHOUT
AVAILABLE UNDERSIDES

"OF ROCKS AND LEDGES STuDENT'S t

OREGON

COSTA RICA

7.64

5.73

(55)

(60)

5.27

3.26

(63)

(85)

il.256*

5.750*

ARFA

A.VERAGE NUMJ3ER
OF INDIVIDUN.S IN

QUAi")RATS tHl'H
AVAILlu11E UNDERSIDES
OF ROCKS fu~ LEDGES

AVERAGE NUHBER
OF INDIVIDUALS IN

QUADRATS WITHOUT
AVAILABLE UNDERSlbES
OF ROCKS Al'i!D I.EDGES STUDENT'S t

OREGON

COSTA RICA

167.10

42.90

(55)

(60)

139.90

94.4

(63)

(8S)

0.713

1.892

*significant P < .01; 2 tail test

,"'"
0"



Component 1 provicles an estimate of how often the topography

chr:nges since a flat Ot stea(iily sloping area would ha"'1e a lower

proportion of changes than. found. ;;J.ong a varied topography where the

slope ,"lOuld change from positive t.o negative. ·and vice ·versa many

times.

Component 2 was determined because knm1ing the proportion of

times a change in slope occurs doesn J t indicate the Itlagnitude of the

change. Categories were set up of 5 em increments (0.0-4.9 ems

5.0-9.9 C<'l1, 10.0-14.9 CUl, etc.) and H' (heraafter called H'RELIEF)

was calculated for each transect with each 5 cm group as in i.th

class and the number of times that a difference of that magnitude

ccc.urred· divld8.dby ..he total ni.tral.H::::r. of height differences recorded. .

as Pi' A flat topography would have 8. low 11 'REtIEF since most of

the. differences in height readings would be in the 0.0:-4.9 em

category. The values of these tt·iQ measures for each transect

appear i.n Table VIII.

In order LO assess which of these physical parameters might be

more important in predicting diversitys a step-wise multiple

regrcssi0u was performed using the computer program BMD02R (Dixon,

1968). This program ei.ltcrs that independe·nt variable· (physical

pa::cameter.) into the regression equation which mak.es the greatest

n~duetion in the error sum of squar.es, has the highest partial

correlation with the dependent variable (species diversity), and has

the highest: F valu(: at e8.ch step (D1.:XClll, 1968; Vu:i.lleumier, 1970).

It i.s probaJ.>ly ·l1n\·rise to ma.k.e too much of th~~ rcm.1J.ts of this
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technique since, the sample size is 10\01 and since ~,TaV'e exposure cannot

be adequately quantified.
,

Also note that Quepos l·was not included

m.;;±ng to the previously mentiowd problems of accurate intertidal

height measurements for this transect.

Table X shows the results using t~e six physical parameters with

the natural logarithm of the number of species in each transect.

Natural log transformations were used in those cases where there was

a hi~ler ~ value than with untransformed data. This combination of

physical factors. explains 92.6% of the variation in the number of

species found in the different transects. The three most important

parameters (determined by significant F values) in order of importance

a.rf': ' wa.ve c:r.:pos'J.re, the' proportion of s.::tmplesinthe mid and lo~

intertidal zOfles, and the H' measure of topographic' relief. The

number or species has a negative relationship with wave exposure

and positive relationships with the two ether significant parameters.

The same proce.dure was used to analyze the variation in R~ and

HWVOLUHE using the physical par.8Iil.eters.The results for thEe. multiple

regression are presented in Tab.les XI and XII. The only significant

physical parameter that might be useful in predicting species

div'ersity as meanured by Ii' is the proportion of a sample that is in

th~ mid and low intertidal zones; this is a positive relationship.

The most important (significant) parameters in relation to the

R'VOLUME stat:1.stic of diversity are the proportion of quadrats wi.th

the w\dersides of boulders ot ledges available for utilization

(positive relation), the latitude of the transect (Hegative relation),



"P./\llLE X. RESULTS OJ? 'J.'HE STEP-iHSE MULTIPLE REGRESSION OF '.rHE NATURAL
LOG OF THE Nu}IBr.~ OF GASTROPOD SPECIES ON THE PHYSICAL VARIABLES

SIeN OF THE
lNDEPENDENT REGRESSION

PHYSICAL cm'lTRIBU~ION . ·F - ORDER Et\"TERED EQUATION
VARIABLE . TO R . 'fAtUE INTO REGRESSION COE:F'FICIENT

HAVE EXPOSURE 0.6982 25.1.50·7>'dt 1 NEGATIVE

LOG PROPORTION OF QU/,1)RATS
e Hi MID Ah'D Lm<1 ZONES . 0.1131 5.9984* 2 :rOSITIVE

LOGe LATITUDE 0.0350 3.7536 4 NEGATIVE

I.eCe PROPORnON OF QT:l'ADRATS too ::"ow to
WITH UNDERSIDES I)'J! ROCKS 0.0000 be included

PROPORTION OF POSSIBLE
Ct~NGES 1M SLOPE DIRECTION 0.0006

H'RELIEF 0.0792

0.0542

E.5116*

5

3

POSITIVE

POSITIVE

TOTAL VAlUATION E..'{PLAU1ED 92.67.

REGRESSION' EQUATION: loge number of species"" 1.400-0.17 (waves)+0.470(loge mid-low)
--0.100 (loge latitude)+O.002 (slope)+O.386 (H'RELIEF)'

)~ significant: P"" • 05 ** highly sig'niHs:ant P < .01

.r:­
IJ:l



TAm,E XI. RESU"'l'S OF THE 'STEP-WISE MULTIPLE REGRESSION OF THE NA'l'URAL
LOG O~· Tln~ H' MEASURES OF DIVERsrtY ON THE PHYSICAL VARIA.BLES

SIGN 011 THE
INDEPEl\TDENT REGRESSION

PHYSICAL CONTR!BU~ION F ORDER m,r.rERED EQUATION
VARIABLE TO R" VA1~UE INTO REGRtSSION COEr:'FICIENT

" .
LOG WAVE EXPOSURE 0.Ol186 0.7609 /;, NEGA.TIVEe

PROPORTION OF QUADRATS
IN MID AND LOw ZONES 0.3210 5.1996* . 1 POSUIVE

l.OGe LATITlJDE 0.0377 0.5375 2 NECATIVE

PROPORTION OF QUADRATS ,
WITH UNDERSIDES OF ROCKS 0.0455 0.6849 5 NzGA~~rVE

PROPORTT.ON OF POSSIBLE
CHANGES IN SLOPE DIRECTION 0.0380 0.533'7 6 POSITIVE

LOGe HIRELlEF 0.0818 1.3155 3 POSr.rIVE

TOTAL V.~IAT!ON EXPLAINED 57.3%

R.EGRESSION EQUATION: loge HI .. -O.55C-0.240(loEie waves)+0.014(mid-low)-O.204(loSe latitude)
-0. 009 (undersides)+O.021 (slope)+l. 124 {loge n'RELIEF)

* significant P < .05 ** highly si.gnifi,cant P< .01
VI
o



'l'Am:.r. XII. RESU:'TS OF THE STEP-HISE HULTIpLE REGRESSION OF THE NATURAL
!.OG OF TUE H'VOLL'HE DIVERSITY HEASURES ON THE PHYSICAL VARIABLES

SIGN OF THE
!NDEPENDENT REGRESSION

PHYSICAL CD~;:R:BUPON 0 or ORDill\ ENTERED EQUATION
VARIABl.E o .. 0 R VAt.l11f INTO REGRESSION COEFFICH:NT

HAn EXPOSURE 0.0000 too low to
brt included

LOGe PROPORTION OF QUAD~\TS

0.0366 4./1557* 3 POSITIVEIN HID MID 1.01J ZONES

LATITUDE 00.2386 21.6158** 2 NEGATIVE

LOGe PROPORTION OF QUADRATS
HUll UNDERSIDES OF ROCKS 0.6510 20.5217** 1 POSITIVE

PROPDRTION OF POSSIBLE
CR'\~GES IN SLOPE DIRECTION

H'RELIE?

TOTAL VARIATION EXPUINE'D

0.0026.

0.0010

93.0%

0.2894

0.0965

t. 0

5

NEGATIVE

POSITIVE

REGRESSION EQUATION: loge n'VOLu~E • -O.765-0.000(waves)+O.353(loge mid-low)
-0.010 (lati tude)+O. 055 (loEe undersides)-O. 003 (slope)
+0. 040 (H'RELIEF)

* significant P<. 05 ~:* highly significant P <.01
VI
l-'
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and the proporti.ol1 of quadrats :i.n the mid and 10';>1 intertidal

(positiJe relation). These three parfu~eters explain 92.6% of the

vari.ation in Ii'VOI.i.)11E while 8.11 six parameters together explain 93.01;

('fable XII).

The high H!VOLl;~lE va;'uea in Costa .Rica (TEibie II) ,-,...hic:::h· result

in the negative relationship of 11'VOLU}ill specien diversity with

latitude are due to the fact that the low lAotitude Costa Rican tran­

sects ha:v'esignificalltly higher speci.es richness and evenness COT.1P0"'·

!"lents of the H'VOl.lJNE statistic than the Oregon transects (Tal)le XIII).

Because the volume of the individual species is more evenly distributed

among all the species rather thart a few speciesha-vi.l1g all the volume,

as :in Oregon, the evenness· cO'<'1ponlmts'",:r(: hi.ghe!" vThic"h C!;USC3 th~;

HtVOLFi:1E statistics t.o be la:r:ger. The reaSOl1 ior the different.

voh..mE.$ of snails may have somet.hing tod.o~?ith differences in

productivity between Costa Rican ana Oregoil intertidal areas.

In the same m:.muer. the densit.y per square met.er and the volume

per f3'FJare o?-t::.r of gastropod.s H;:rt.~ .e.ntered as depen.dent variables on

the physical factoT.s (Tables XIV and. XV). De.n.s5.ty has no sigrdfie.al1l:

relat:Lo!l to c:ny of the physical p':'1.rametel.'s. This may not be surp:de-

iug sir'.ce the c1znsity fig'llraS fer any tram.:ect are Im:gely depcndE'.nt

on "'heths1." Litto~'E:~ spp. were encl()unten'!.d ,r.n the quadrats since they

have d"rwi.t.jcs so mud. higher than any other species (Appendices 2

Hud 3).



TfulLE XIII. COMPARISON OF THE SPECIES EVENNESS Ai:W RIGl-Ii:·IESS
COHPONENTS OF H'VOJ~UHE SPF.:CIE~~ ])IV~RSIl''L EVE,1\fNESS
IS H I VOLUME/LOGe S A(.;D lUCHNESS IS (5"'1) /LOGt:: Ii,
1,-lHERE S IS THE TOTAl. NUNBER OF SPECIES M:UI N IS THE
TOT~~ VOI.ill1E I~ EACH TRM~5ECT.

TMNSECT EVENNESS RICHNESS

NC 0.053 0.259
He1 0.396 2.221
HC2 0.410 3.548
Be 0.448 3.694
eEl 0.547 2.506
eB2 0.552 2.956

AVERAGE 0.401 2.531

l'H1 0.653 4.257
PH2 0.615 4.787
PH.3 0.582 2.771
81 0,621 5.478
S2 0.692 -6dB8
S3 0.57-2 4.621
Ql 0.694 6.276
Q2 0.631 5.280

AVERAGE 0.632 4.957

STUDEN1"g t 3.0289*- 3.7349**

* sigll:tf:1.callt r<.05; 2 tail test
. *:!: signif~cant po( .01; 2 tail test
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TABLE XIV. RESur.TS 01" THE STEP-WISE NULTI!'LE REGRESSION OF THE NATURAL
LOG OF THE DENSrrY OF GASTROPODS ON THE PHYSICAL VA1'UABl.ES

I SIGN OF THE
:r~mE1'ENDmIT RF.GRESSION

PHYSICAL COl~TR:CBU~ION .11 .. ORDER ENTERED EQUATION
VARIABU: TO R . VALUE. . INTO REGRESSION COEHICIENT

1.0Ge WAVE EX'POSURE O. 0000 . tOCt low to
be included,

PROPORTIO~ OF QUADF~TS

!N MID AND LOW ZO~ES 0.0227 0'.3164 2 NEGAT!VE

I.OGe LATITUDE 0.2606 3.8771 1 POSITIVE

PROPORTJ.ON OF Q1SADRATS
HITl1 UNnERSIDES OF ROCtl:S 0.0295 0.3767 4 POSITIVE

PROPORTION OF POSSIBLE
CPANGES IN SLOPE DIRECTION 0.0599

H'REL!EF ,0.0119

0.8213

0.1359

:3

5

POSITIVE

NEGATIVE

TOTAL VARIATXON F.xPLAINED 38.0%

REGRESSION'EQUATION: loge density ~ 3.648+0.DOO(loge wBves)-O.022(mid-low)
+O.672(loge 1I!ltitude)+O.016(iinde~sides)+0.010(slope)

-0. 616 {HI RELIEF)
* signif:l.csnt r<'.05 '>~* h:l.p,rlly si.gnificant P<.Ol·

\J1
.J::'o



TABLE XV. RF~ULTS OF THE STEP-WISE M~TIPLE REGRESSION OF THE NATURAL
LOG OF THE VOLln1E OF GASTROPODS PER SQUAl{E METER ON THE
PHYSICAl. VARIABLES

SIGN OF THE
INDEPENDEN'l' P.EGRESSION

PHYSICAL CONTRIBUFON, '1" ORDER ENtERED EQUATION
VARIABLE TO R VAtUE INTO REGRESSION COEFFICIENT

LOGe. WAVE EXPOSURE 0.0171 1.8490 4 NEGATIVE

r...OGe PROPORTION OF QUADP~TS

IN MID A~1) LOW ZCNES 0.0036 0.3219 6 NEGATIVE

LOGe LATIl'i,,1DE 0.8860 85.5179"*' 1 POSITIVE

LOGe PROPORTION OF QYADRATS
WITH UNDERSIDES OF ROCKS 0.0140 1.4005 2 NEGATIVE

LOGe PROPORTION 01' POSSiBLE
C}~NGES IN SLOPE DIRECTION 0.0027· 0.2635 5 POSITIVE

ii'RELIEF 0.0089 0,8835 3 POSITIVE

TOTAL VARI_A..TION EXPLAINED 93.2%

REGRESSION EQUATION: loge voluree ~ -2.565-0.391 (lnee wavcs)-O.434(loge mid-J.~w)

+1.411(lo8e latitude)-0.391(logc ,undersides)+O.894(lo&e slope)
+O.740(H!~;LXEF)

* .signi,acant P < .05 ~* highly signific~nt P <.01 IJ'
VI
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relationship is. certaii,1.ya result. (.£ the large sized herbivores

found in Oregon SUcll ae the chitons.

There is a danger in determining the relationships of these

physical parameters individually with the diversity and voluime

ID&8ZUreS since one physical variable may be influenced byancther

var.ia.ble. Looking at one variable alone may shoW' a relationship

with diversity as determined by regression or correlation; however,

when all the variables are compared to diversity in a multiple

regression. the partial correlation of the one variable'may change in

sign and/or the significance of the relation. This happens with

II 'RELIEF. Hhen correlated alone with the number of species, H'RE'LIEF

is +0.6[18.
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Cl~NIVOROUB GASTROPOD FOOD f~ID Ht\BITAT PREFERENCES

Since the majorit.y of the tropical tra.nsoCcts do have more specie;;

than any of the Oregon transects cxc.ept. South Cove, the Costa JUt:an

ape';ies pool is higher than Oregc.,n} 3 J and there is a !:ignificant:

:icc-reese in t.he number of carnivorous gaGtropod sp(~cies :i.n the

t:roptc<:l.l areas, the tropical c.omnlunities must somehow accommodate

snail species differently than temperate co~~unities.· In order to

investigate this increased species pack:l.ng~ the divisions of the

available fond resources and intertidal habita~s (as re18t~d to

height above 0 m tide) wer.e examin~d for c~rnivorous snails: which

show the biggest incr.f'la~e :i.11 spCC.i,·2S d:i.vcr<;ity 'lith decreEtsing la

lat.i1:ude.

The prey preferences of the carnivorous gastropoas found in

Or.egon pnd Costa Rican transects are presented in Table XVI and XVII.

:!.'he ra.nge of prey items that can be eaten by a species and thf;; rm!.Ub(~r

ef fe-acing obSErvations appear. in Appendic:es 6 and 7. The preference.

for. a particular pz·e.y was det.el.-mined from ind:i.vidual feeding ObSe.l'Vc;­

ti-OIt71 as fc Hews: If 75% of. the observations \-le:ce in Olle prey

categor.y~ t.he: snail preferred this prey; if less than 75% of the

observati::ms 1-J!,ore in one category) the two most common prey types

(,;ol1e,um~d Wf:re cO:lsddered as being pr.-efen·ec; if th~ two most COl.1IDon

pre:' groups vJere i.n'llclved in less than 70% of the feeding observations,

the third h1f;hest. preferred prey W£,8 included.



TABLE X"171. PREY CATEGORY PREFERENCES FOR CAR.IUVOROUS
GASTROPODS illm CRITONS IN OREGO!~ TK..~.NS£CTS
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TABLE xvII. PREY CATEGORY PREF~ENCES FOR CAR~IVOROUS

CASTROPODS FO~~ I~ COSTA RICAN TRANSECTS
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Tu:rridac, 5 spp. ..,.
"'-

Od0 S t.o:r~i c S~A X
-_._-~~----~

:\colid uno i.l1ranch X
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From t.he SU!ilJil£1.:Ly Table XVIII it can biZ~ fl'een 'that t:here are

threefold inc.rcas~s in the: u1llube::' 0,)£ gastropod species preferring

polycnae..e and gastropod prey ~n Costa Rica cOlllpared t.o Oregon. 'Ivi'O

food c.ategories, sipunculicl and. fish t not 1.1t:!.1i.:zecl;by 1:r.e Orago..l

gastropods are exploited by t.ropical sna:l.1s.

There is also a large il;,crease~ in the nun:be:t' of snails I't'eferri.ng

dead material in the tT.opics~ due mainly to the numerous species of

Columbel1idae~ Not enough '\o1o:r.k has been done to deten:!line if all

columbel1ids prefer dead material since it is difficult to ~~ow in

most CaSE.8 whether the prey an individual columbellid ate, ot'was

found in the process of eating, t-Jas dead or injured to start with.

It is t:(!'t'ta.in that mOGt of the ~(\hnnb·?lJid spccinr:. ar.e .attrac.f:ed. to

dead and/or injured prey (Ma:r~us and Marcus, 1962; Spight, pers.

comm. t llil1.er, pera. obs.). Members of th:: gellue Columbel1a probably

eat p:r.llUar:Uy plant mat.er:i.al (Marcus and Marcus, 1962; pel's. obs.).

All the carnivorous p~osobranch gastropods that have been

rermrtte~d from the. Oregon rocky intertidal ?,one (Ke.en aud Doty, 1(42)

e~cept Th~i~ lima~ 2doGt?1~~~ sp. (found outside the tr.ansect areas)

and ~u~~trit~!,~.~~~~ (prima~ily subtidal but marginally inter­

tidal) v'€re found in the temp(~rate transectB. There are several

specif:$ of nudibranchs which do occur intertidal1.y that t.rere not

fOtm,d if. tb~~ transec.ts. If these missing species were :l.ncluded in

the Sl.~,u~y iood. preference table, there t<1ould he an l.ncrease ill the

!ni.U1b~3r of species in the c:oeler:terat:e~ tunicste, bryozoan, and sponge

r.:at:cgOl'Jf:!:l cau.sed by the :nlJdibranchs, and the parasitic and echinodern,\



1~B1E XVIII. SlJ.MMARY OF TIlE PREY PREFERENCE CATEGORIES FOR TdE C~lIVOROUS

GASTROPOD lll~D CHITON SPECIES ~OU~ID IN THE OREGON; COSTA RICp~

AND }1EXICAN TRANSECTS. 1< SPECIES EXIST BUT WERE NOT :V'OUND I~'1

THE TRANSECTS: REFER TO THE TEXT FOR AN EXPL.'\NATION.
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FusitTito~oregoZiel!~i~.(E&ton~ 1971) ~ respecr.i.vely. I 'Would predict

that Thais lima fee<:ls on barnacles and mussels.--------
All the cRtegod.es 1.:,£ prey ax/;"ept t.hose for fish ~md live, mobile

crustaceans would uhow r.n iucr.eese in species numh0rs if itltertidal

gastropods not found in the CostaRi~~n and Mexican transects, but

known to oecur there, were included. For instance, the one species of

C~~latium found in the Mexico transect also occurs in Costa Rica and..--I' .. _

gastropods (~1iller, pers. cbs.), occurs in the high :i.ntertidal zone

like £. Eatul~ but in differe~t habitats; three different species of

the vf?!1':ivC'l"cUS ccm2S e.nd. turrids toj'£re enc.ou:.tered ouU;idc t.he

transects; Ya2~~~~~us~ which eats polychaetes and sipunculids

(Mil1er~ pars. aus.). is essentially subtidal but can be found at

extr~ely low tides~ a~d more species of nudibrauchs should occur

inter-tidally (Keen, .1971.) wh:tcb should cause increases in the 'bryozoan,

spcnge~ end coelenterate c~tegories. The chiton ~~~~orel1a

blainvillii., which probably eats live, mobile crustaceans as does

p._v>81at~l in Oreg.on s ·,-las not found; but it does occur in Panama

(Keen, 1911). The differenc!;::sbetwe:en temperate and tropi.cal areas

:1.n the number of species in each feeding category would be more

"1ramati.c :i.:f all car:u:i.vcl1:'cus sp.::c.ies occurring in the Costa Rican
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zone transects (Appendix 2) .Em.a they feed on seme of the smne food

gastropods (Pa,ine~ 1969 ; Hengc" J.972; Nieseu~ 1973). At CD.:!?€: Aragc

State Pa.rk where this stud.)' Fa.s ,k'ne~ Niesen (1973) found that 83%

5p ~ J and 3% em bi,..~bres and c;the:r pre7l. Niese:tBud! concur that:

L., hexr-.:.c.tis les;;; than 1 em in dian,etar feed .almost €:-'ltclusively on

~ixor~is sp.; beth AmPEissa columbiana and Oceuebra luricla alsc prey

on this abundant serpulid~ Pisaster ochraceus Drefers mussels and._---- ~

barnacles but alse eats gast:r\)pods (Feder. 1959; Paine, 1969) and

thus overlaps with th€ diets of several gastropods. The Costa. f..ican

intezt:idaJ. areas examined in t.his st~.1dy "lere d(;vo:i.d of sta:.cfi~h

although a harnar~le speci~list" 1{~liaster sp., OCClrrs ill the high

intertidal at Puerto Escondido~ Mexico4

Anoth~r problem in defining food choices for gastTopods ~ccurs

wlth sped.es that aPP~En' to be indisc.rimin.s-te graze.rs. M.;mbers of the

Fl.-ids)' Harbcl!'. 'W'a -:;hingt6n (Spight t pen, ~ .corom. ) t and living coral

found j.~ Oregon :1.<; basically C'.f', herbivore since its fecal pellets

cr.mtaiu U(lst1.:l plnnt mated.a1 ~ .nnd hydro:!.ds are not ccmmcm enough. to
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Hawaii., and Cos tD. Rica) and algae (Kay ~ 1960; 1"iH!.E:.!', pers. obs.).

Cypraea _~!ne~ in Costa· Rica isprL~arily a ca!nivor~. I found

some indhriih.;,als on sponge andtunic.ates; fectiil pel1et~ from {.ther

indi~iduals contained sponge spicules. Caref~l studies will have to

be made on the feeding habits and digestive enZ}~!2s present to decide

whet.her gastropods like fal1iost2~sPP~ and flEE§.€llSPP. and the

pclyplacophorans (dd"1.~ons) a:r:eindiscriminate o~nivor~s capable of

digesting both plant and animal material Qr whether some species are

strict c8x"nivores 2nd ethers herbivores.

Looking at the range of prey of the caxnivorousspecies examined

(Appe!'l.dices 6 and 7), it 1s apparent. that there is overlap among spe­

~ie$. If :l;;ooJi partitioning aoesntt appear t.ooe .:;noughto separate the

carnivorous species ecologically, pe.rhaps habitat partitioning is.

The iutertidal height range of the populations of the carnivorous

species is the one gross habit~t dimension that. I will consider, since

it. tvould not be a(;c.;.~r:lte to describe microhabitat substratum prefer­

ences based only outhe low tide observations that I made. This

dimension was measured by averaging the si~ height readings for

. each quadrat in which the sna:t1 ;7;;peci<.~s were found and recording the

a. fe':] ind:lvidue..ls t-:e1.'e frjund, 6(,. if: 10 111l~C L:O determine the true

inte1"t:l.di?,l ht:J.ght, range, S{.'mesp.z-d,(;9 hav~ the bulk of their

l'opl.!lntions in t.he subtidaJ. ZO'l"lf~ 90 r:hf> f(;w ind1.victuals of these

apt:.:ci~s elH:(}untere.d p:roba~ly l:cpr~"Hlenf; thu \lpper range of the
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FIGURE 8. Intertidal height ranges for Oregon carnivorous gastropods

and chitons. The rectangle encloses ± 2 B.d. from the

transects. The number of quadrats±u 'Wh:tch 'each species

was found fol1m~a the species name~ .The n.u:mber ·of.

individuals of each species found is it. parentheses.
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FIGURE 9~ Intertidal height ranges for Costa r~can carnivorous

gastropods excluding those fomid in Qutfrlos 1. The

rectangle encloses ± 2 s.d. from the mean. The dots

represellt the extTe-Jl.eS of the rc:tl'Lge in my transects.

The number of quadrats in which each species was

found follows the species r~me. The number of

individuals of each species found is in parentheses.
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FIGL~~ 10. Intertidal height ranges for Costa Rican carnivorous

gastropods exd.uding those found in QU~PQS L The

T..ectang~E encloses ::!: 2 s. d. fnJ!!L· the mean. .The: dots

represent the extremes of the r~nge in my t~ansects.

The number of quadrats in -tYlhich f'..ach species was

found follows the species name. The numbsr cf

individuals of each species found is in parentheses.
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Eo- ... :.::==-n PI1SBRtSPlRA Al'ERRIHA. S' (8)

t PILSHRYS1'lP). 1lEl.crmRS:[. 1 . (2)

f ODOSl'mlIASP. i C6}

t AEOLID NUDIBl{PNGH 1 (1)
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popul~tion ox ar~ ~efugee indivlduals~ Same of the tropical species

population.s have patchy distx-ibuti:ms so that, for this reason 1:00,

the intertidal height ranges recorded for· species wit.h only a few

individuals are LU.t to be consid~red complete ranges.

One major. misr.eprese~tation ~f intertidal range cue to low

t.umbers of (~bservations is that fo!' Thais canaliculata. in Fi8t',re 9.

Th:1.s species is ,consistently found just below the bulk of the }~D.is

~~~inat~ populations where .they occur. together (Dayton~ 1911;

Miller ~ pers. obs.). The reason this did not shot" up in thio figure

:ts that. one transect in 'Which they were found (North COile) has high

wave expC5ure which raiResthe effective level of the sea (L~wis,

M:>st of tnt:, spE.cies t1&<':1t co overlap to any extent in .fOl.,d .

pre£er~nces occupy d:Hferent average irttert:i.dal he:tghts. Tables

XIX and XX show th·~ rr:;sults of t-tests u::;ed to compare the averEJ.ge

intertidal heights of snail species populations ~~ose food prefer.ences

are cJ.ose. and h''hose height disl;ribut:i.ons appear l!.'d.miloP.r in F::i.gures

'3 And 1.0. The only two gestro;?od spe.eies in Oregon 'Iflhit:h might be

whcse average intertidal heights coincide aT.e Oce~~b%a lurida and

A. co1l1ffihial.1a cOnsumes dead 'l.natter

different aVet"dge p0-pula·;;;i.cn ludghts in the :hH:e,:t:tdal (Table :xvI).



TABI.E XIX. COMPARISONS O}' 11EAI.~ -INTERTI:;)AJ~ HEIGHTS
FOR POPULATIONS OF SPECIES 1!aTH SIMD,i\":"1.t
}'OOD RESOURCES 0 - OREGON SPECIES.
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PREY
CATEGORY

POLYCHAETES - -

DEAD Hlli.TTER

SPECIES l-JITH
PID:Y OVERL.t\P

- 'THAIS ,El'fARGINATA
TI/AIS l.M'lELLOS.A

OCENEBRA I~~m{FOSSA

OCRNEBRA I.iJRIDA

OCE~EBRA INTERFOSSA
LEPTASTERIAS HEY.ACTIS

THAIS LAHELLOSA
LEPTASTERIAS HEXACTIS

PISASTER OCnf<AClrJS
LEPTASTERJJ.S HEXACTIS

l~WHisSA COLUKBIANA
OCE..T1~,"BRA I.URIDA

PJ:-lPHISSA, COLlJHIHAl'lA
HITRELLA CARINATA

LEPTASTERIAS Hf0U\CTIB
AHPHISSA COLUHBIANA

AHPHIS,SA COLUH.BIl-uiA
SEARI,ESIA DIRA

THAIS LAliELLOSA
CERATOSTOMA FOLIATul1

II;rERTID.AL HEIGHT
COMPARISON t··VALUE

.__._-----
. ,-

18.150~: '

3.596*

'4.133*

4.550*

1.621

6.850*

9.110*

l:. 700"~

7.032*

~":signi.ficant P <.01; 2 tail test



T)...BLE X:\:. COUPARISONS 01" l-ffiAN INTERTID..!\L HEIGHTS
FOR POPULATIONS OF SPECIES ~{lTHSIMILAR

FOOD RESOURCES. COSTA RICMq SP£~IES.
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CATEGORY

SIPONCTILIDS

GASTROPODS

SPECIES HIW
PRF.;Y OV~R1:.AP

ACc\NT-HTNA BREVlDF.ln:,,\!A­
THAIS BJSERIALIS

Ac..A.NTUINA l)R..~vIDENTATA

TRAIS TRla~GULARIS

MITRA LENS
HITRA TRISTIS

THJ~IS BISERIALIS
TEAlS 1:1ELONES

CONUS-NUX
CONUS GLADIATOR

CR~-SSIsrTRA RUDIS
PILSBRYSPI&\ ATTERI¥A

PILSBRXSPlRA ATTERll1A
CONUS GLADIATOR

TI-iTERTIDt1.L HEIGHT
CCM:?ARISON t·+ALUE

3.784**

8.992.**

1.440·

7.779**

0.368

1.403

1.475

._----.--~,------------------
A.!.'"'lACHIS DALI.1·
JU~ACHIS FLUCrUATA

A1I1AClUS BOJ:V:(NI
.ANACHIS DALLI

P~ACHIS LENTIGINOSA
Al'lACHIS DALJ.I

MITREL~A ELBG~u~S

ANACHI.S LEN'flGINOSA

ANACHIS FLUC'WAT".
A.HACHIS LENTIGINOSA
ANlt.CIUS DALl..I
ANACHIS nOlvun

12.717**

:3.817**

one factor analysis
of variance;
. F=13L50

significant P < .005
-------------,-_.__.,--------_._-

* s:l.t~n:J.fic:~rnt r.:... CIS; 2 tall test
i~*s'lg\i:tf'lcnnt p< .01; 2 tail test
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Since' both' '$ta-rfisn sped.z9 CJverlap to some extent. j.~ beth fnod choice

and intel.'tidal rangt:: 'With several gastr.opod sp''2:cies and COnSlmle

gastropods them!=;elves (Feder, 1959; Paine, 1969; ~1eil.ge., 1972; Nlesen,

1973) they could exert· cor-.siderable infhtence on gastropoo populat.ion

numbers. Paine (1969) su.ggests, that al.though !:ts~ter :ochr~~

prefers mussels and barnacles, it can account for 16-31% of the

mortality in I_egu1.~ fu~ebrali.~ populati~nswhere the VHO species

ove-rlap. According to tienge (1972), Lept~st:er~a$ hexa~ti.!:. in "P.uget

Sound, Washington, can .also sign:l.fican:tly influence several gast.rc.1pc.lQ

po~ulations such as Lit~ortna spp. .and Acmaeaspp.

The division of re.sources by ~ropical ca:rni:'1orous "gast'ropodsis

height ranges and/or prey preferencee. This is especially true for

the gastropods which prefer pclychaetes such as the llle.'Ill.'e:r:sof t.he

Kohn (1959 ~ 1966, 1971) has sho1om that s;o~§l. spp. in l.'lost cases

ei-:ploit d.iffel~ent· par.ts t'£ the habitat and/or differ.-F.mt species of

pqlychae.t.es.. It is e:Q?«:1cted that this occurs in the Hast Amari.can

tropics too ~ but I do not he.\~e .enough d":lta to make similar statements.

m12t the· data that I ·do have from Hex:tco, -Baja Ca:l:tfo:;mia·~ J.ama·iea, <".nd

Eldvetolt. AtoH suggest :1.s that Engine. and l:.~co~C!.nia, f~ed 0.1. sedentary

po:ychact<=G~ the Con~ Spp. Oil i::xrani: polychfletes, "md the turrids

(\vhich. a1.~'" ve:r.:y cli·.;ct"s~ in tha tl'opical Arn1tn:.1cm-:;) consum.e both seden­

tm:y end errant \oTo:o.ns (Appel1dix. 7).
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'fhe lar.gest-group of specieseneo..tute!'ed in the tropical tra\"l.sect:s

is the cc.1umbellids(9 species). ~Cf.':pt t.hatmost species are <11;trac.ted

to dead 01:' inju:I~d. anima;'s, it is not knmm t-ihat any of t.heRe tropical

spe.cies pre£er1:o eat. The mostcommen cr.>lu1.'lloellid·i.n t.he On'!gon .

t.ransects, /1l~Eis~columbiana7·hast:he--mostc.:atnclic of -diets~ -aloo:g

l,.nth the bc.ccirdd Sea!"l.¥-si~.M-_~ (Lloyd, 1972; Miller, pers. obs.).

Fecal pellet examinations made on various cblumbellid 2udividuals in

the tropical regions have revealed barnacle and other crusta~ean

exoskeletons, polycnaetesetae, and gastropod radulae~ indicating that

these species also feed ona number of p~:ey categories. Not all

columhellida are c.arni·voruous ,since members of the gentiS ~11S:.

pers. obsofrom fecal pellet e.xamination.s).· fantharus spp~ e;re also

attracted to dead material and have a diverse diet accQrdingto fecal

pellet remains. Some of the thaisids like Thais melones will 2at

carrion, but this is thought to be just opportunism~ not an indication

of preference in the sense defineda

The tropical gasti.'opods th<:lt utilize barnac·le a.nd gastropod food

resources appear ·to have more ~patial separat::ton than the ether

ca~Tlivorcs (Figure 10). Significance tests on the-intertidakhci~h~

a~erages were done for senne pairs whose food reSQurces overlapped

(Table XX). Pm]2!1.E.~ .£c~I!:!:~~.~lari~ shaxes the high intertidal habitat

and food Yf~sC'urces with .P •.R.ar.t.!::~t~ but. the~H! species don't often occur

in the 8ama ruicrohabltat.',O'-.:i.£'l suggeato thnt some physical factor

such. !is W',,,vc expo::;\>:'e n;u~1 ~lepal~<lt:.e t'1,(::U: d:I.~{tributions. Net enough
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DISCUSSION

Local species d:tvcrsity ~nnong gastropods and chitons ,as

111ei3.s1..1red by the nuroberof species 7 :1.s variable irA the, t:empe:rate and

tropical areas studied~ The -tropic.al transects do :not ahls-ys h~ve

a higher species diversity n,or is there a $i.gnificant difference

betiyeen t.he mean number of species fpund in Oregon and: Costa Rics.n

trallseet:so A trend for increasing species diversity with ilecreasing

latitude ~,ists when larg~ geographical areas are compared; the total

number of different gastropod andc.hiton specit;;s in'all Cost.a Rican

transects (15) is ~uch larger. than that :i.;n "8.11 ot-egan tTi9.nS€cts (4ft).

Th~ transect in southern M~:ico has ·the largest n~~ber·of species

(~2) of any~ but its quadrat ,sizes were twice as large as in other,

When species divcrslty is examined using the diversity statistics

",lh5.e.h combine species lw!.nber arld abundance of ,indiv.iduals (Ii') or

est.imated relative biomass (H~VOLUME)~ DOTe of a trend exists :for

incUvld\u:.l Costa Rican tranSE'.£.tB to httve a higherdive:r:sity than

• ',,>,' •...2 1 0 - .. 'r bl '-1)·(.\0 ::i..i!l..\::l.V~uu.a regon l..ransecl..S' a. _£: ..... .' The aveu.ge II~is not.

significantly hig"nc".l:for the Costa. R.i.can tl'f.m.G£~cts; but the more

mC<iu:bg,ful thatl1 HI .-dnce it. gi::es greater. •....eight to the uncommon but
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variat2cm hI. number' of species found in the transects, wave e.xposure

~md the proportiOi.1 of ·the transect in th~.mid and low intertidal

zones "r,ere suggested as· the '!lost iniportal.lt 'J.ar:tables by (;).. stepwise

. lllultipl~regressicm. A lar;ge po~·tion (81%)- of the variation ·in ·the

number of species isexplained·by these two ~arameters (Table X).

One m.easure of tupog:raph:ic relief (:H~RELJ:EF).was the third most

important. s ignif i.e.'ant ?aram.etel:. However ~ :1t.susefulness as a rne·3sm:e

of topographic reli.ef t like that ~f t.he .::nange ill. slope direction

me.a.sure~· :lsiu douht.

conclUS:\OYJ!il conc.erning the influence-. ,

of topvgraphic reliefQn si'ly 6£ tbe dependent variahlas sine.a th~ -

two m<;::8sures are themselves n:egatively carrelst.ed (r=...,Q,,683)., For

insl:ance t compare tn~ topographic profiles of Samara .3 with Middle

Cove 2 U.l>pertdix 1).
of

Samara 3 is -relatively flat .(sho~ro. by a lO'irl

H'REl.U,F (Table VIII)), but it has a high "cbange in slope dir!:ct..ion ll

value t.nd a. high species dive-rsHy. Middle Cove 2 has high values fer

.I

bot.h tcpor.:T.aphic r.J.easure.s and a similar rliver.sity to Sam.ara 3.

Both tnmGcets diffeI' in the other. physic.alparame.t.e.rs (Table VIII) t

t!;.e~~e t'e~s[;-r~s I de not c.onsider that t.hese t'VlO methods alone art;

t;nt irdy sat isfd.t: tory for qt:iantifyi.ngtopographic relief; better

medlOds ;:;.:re hd.ng invl?:stigated.
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numbe:l.·s of species in the txatlsects are very simi lar.· The l'Thi t taker

height intervals compuced for H'RELIEF are not particuiarly high, but

t.he other differences between parameter values are small for the two

t ...ansect pairs except$ of c.ourse,the latitude.

If one is satisfied with defining$-ped.es diversity as the

aim.pIe number of species found, and if only samples of 10calinter~

ti.dal· areas are compared ~ theories of how and ",~hy there is more

gastropod. diversit.y in the tropics do not have to be inVOked.

Locally p the divers:f.ty isn tt always g~'eater in the tropics and

physical f2ctors similar in both the t~~perate and tropical rocky

intertidal probably control the diversity.

Vertical spatial heteroge.neity :l~ probably not as important in

d<::tto!1l1inil\g diversity in this cuse a.s. U: is in other groups of

i'.n:l..mals like birds (t'!£cArthur, 1964, M{H:,Anhur et a1, 1966; Recher,

the gaotropod genus .C0n~~ (Kohn, 1967),

arId fish (SheIdon~ 1968). Flemtng (1913). bnsing his· conclusio1i1s on



TABl.E XXI. C~MPAR!SON OF THE TEMPERATE A~D TROPICAT.
TRAnSECTS NOST S!H!1AR IN THE 1MPORTANT
PHYSrCA: PARAMETERS AS PETE..'Q.MINED BY THE
STEP-WISE ~JLTIPtE REGRESSION (**).

,'<*
?ROPORTICN ~ROPORTION OF CRANGE mrrTTAKER

l\1Jl1BER ** OF QUADRATS QUADMTS HITH IN SLOPE OVERLAp VALUES
OF T,~AVE IN MID ANDLOH ':HE UNDERSIDES DIRECTION OF TnT:: H'RELIEF

TRANSEcr SPECIES EXPOSURE IN'rERTIDAL OF ROCKS AVAILABLE HEASITRE .scm C/,TEGC!UES

SOUTH CO\7E 36 ., 1. 00 . S3 • /+8..
, .80

SANARA 2· 34 '. .97 .60 .58,.

CAPE
22 4BI.ANCO 2 .92 .54 .48

, .13 .
QUEPOS ? 26 4 .94 .67 .1.2

00
'.::l
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relat.ions.hip (Table XI). I am :;:"eluctatd: to ",..."ike any cDnclusions ­

about t.his re.lationship since the ot:ner di....e:rs:U:y meas!zres have

signif:tcant relations with three v£u."iables, not: just one. I also

The diffeJ=e·nce inti,/;: IH11'!11;£>.1..' of sp~d.,;;,€; cO!l!pri.sing the On~gon

em.oJ Costa Rican ~pecie.l;' poolD 8.nd the tt'f;md in the l-l'VOLUME values

:relati.on to th.;. p:.:opo.t"t:iOt'l. cf q::'ladrats having the 1,.:m.dersides of rocks

ava:L1able as st'l.a.:U ha1Jitats ana to the (lIoportion of quadra.ts in the

sign1.f:i.ca.:nt diffe=eu(:~;;; ll..iD.Ong t.1.(~ Oregon and Costa Rican transects

\,?·!.t:h ;cespeci: t.o the.s~ ty-!O para.meters [;nd wave e:lqosure (Table XXII) t

of tOpOg;:'!'lP~li,': :( eU.at are signif :tc.,a,ntly cliff erellt. between the two

are;lS; hut since th~re are problew.swit:hthese. m.e.aSUI·C'S and they

al~E.n· t f>:ige:j.t'icant cont:rib'l.ltC:rS to the multiple regression of

lit iJ0LlJHE (m the phyc,L.:alp-!ZJ:8lJietcrs ('L'a.bJ"~; XII) ~ I doni t feel that

tO I,) ill1,;ch should be m.;H,'h:, of these aiffer.--e'1~;f:;,s. Til:!.;3 ·leave;; the



TABl,E XXII: CONPARISON OF THE VALUES FOR TBE PHYSICA!"
PAJ.~~ETERS BETWEEN OREGON A~u COSTA RICA

PHYSICAL PARAMETER

1,lAVE EXPOSURE '

PROPORTION OF QUADRlaS ,IN
THE NID AND LOW iN1'ERTIDAL

PROPORTION OF QUADRATS i'1!TH
. 'U}/"DERSIDES OF ROCi<:S AVAILABLE

C}~NGE IN SLOPE DIRECTION
HrASUPE OF 1'OPOGPAPI1'"Y

l-IIRELT.EF

STUDENT'S t

LIH6

1. 0101

0.11150

'~L 4162v:

2.11.590*

11; significant P<: .05; 12 d.f.; 2 tall test,

("Xl
/'.,)
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laU.tudi:'la.l"l!ar.i~ble to e.xpli:<in the d:iv.r;rs:U::y differences.

The J.atitudinal paramt::teT. c;;tn incJ.udephenomenathat are di.s-

~inctly stronger in the tropics and weaker in the temperate zone~ or

vice vers,a. This WOidd inc1t;,de things like· a· longer period of

geologic history without major physical catastro?hesin Costs "Rica

compaxe.d to Oregon, 0::' tha seasotlal:i.ty of the plant grot-dug season.

Thee·e kinds of d5.ffe:rer:.ces are used 'as e.xplanations: in several of t.he

theories on l~~titudil1al grad~tents mei'li:ioned in t.he Introduct.ien.

The increased number of species that causes the differences in

srecies poe-Is and in. :I 9 VOLllME d.iversity trendsbei:Y1een Costa Rica

and Oregon can come about by :Imm:lgration 81'!.d adaptive _radiation. The

resulting from the biologicalforf~eof compet.ition for limiting

resourcesand/or the.eff~cts on population size cue to predation

(Paine~ 1966a).Hist.orical and present physi.cal conditions in Costa

Rica n.ay bf~ Si..'.ch that t.h~ rocky interti.dal community has been struc-

tured th::Ollgh a combiuat:toll of. these biological processes in a manner

co~.<ld be h1gher rates of eyoll..\ti.o~1 :tnthe tropics, espe.d.ally against

t;,r.~ bac.kgt'Cmnd of a I!phyt';!:tcally stable l
' geologic hi,stOl:y, an almost
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The increase in t.he. !l;."'riber of r;p£'cies in. th? species pool could

have resulted, 1.:1 part, by immigration. -Immigrati.on by gastT.opods

with long-lived p81agic l~rvae could have cccllrred from the islands

in the central Pacific via the North Equatorial COlluter Current

(Abbott, 1966) and {llso f.!.'i.:nl the \<lest- Irv5iaf.1. fauna when thaland

bridge between Central and· South &-aerica ~.ras not fally formed~ These

possibil.ities for ira."lligration. could have added gastropod species

which ev.plo:'l..ted icod teGerv~s like polycha.etes ·and fish (CO~ spp¥)

alld si.punculids (Mi.!~ spp.) to the fauna... .~EE~§' ehractl~., a widely

dispersed Indo....Pacific. species, is found-in Costa Rica, as .are Pur:eu!-~

£.arisa and CYP!.~ cet:vinetta whi.ch closely resemble \<lest Indian

north from Asia towa~d the arctic and then down the North h~erican

coast to Oregon are cola currenr.s. Lar\'ae tra"oeling in these currents - .

must be physiologically able to withstand th~ low temperatur~s which

would prevent migration of many gastropods.

The most obvious difference between the c01Ui!ll.tn.ity structure in

Or.egon and Costa Rica is the signifi.:ant: :tr!crease i.n the coritribut1.on

by carnivorolts g!'::1stropods to the proportion of species, individuals,

a:nci. vol\..","ns of gastropods and chitons (Table III). . The number of

herbi.vorous g;;:,strop'Jd ;,md chiton species a.1ao in~rease$ in Costa

R~.ca. comp~lre~d to 01.'egQn~ but not as much as c.arniv()!'ol.l,S snail species

do.

'Xh~<;'e t7:opi~.:<?1 ea!.·r\iI1O~ons snails are using food resources not
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(~n f'olychaetes a!!d dead or Jnju::r.;:d 'PH'Y'>" Sincett.e rocky intert:id2.1

sipunculids. S:ha.l1 fish {2·:; CUI. long), P01yc;;13e:.::zs~ and dead or

use more of. the available food resources in th~ tropical r~cky

intertidal.is prcbobly au example of increased "wit.hin habitatU
.

dhersi ty (HacArthur, 1965).

That the higher tropical species.dive~aity is attributable toao

:tllcrea.se in the u\-1ithin habit;:;.tU component. of diver..s:lty dl.\etodiffer­

ant u~:jJ.ization..ofavailable food reSOU1:ces hasb~cn proposed for

other animals also. In-studicseompar:ing terrestrial hapitats in .the

temperat€: and t:ropl~alreg:lon5lthatappearedtohe s:i!irna..r~i~·· ..

vegetational structure, Karr (1971 )a:r.d O.J:iaus (1969) agree that t..he

m<::Jjc,x increase in tropical bird species seems to be due primarily. to

th~ in.;r.c&sed exploitatictU of food resources which are more predic­

table in snpply in. the tropics; that is, aninc:rease of the.'l"iithi..n

hab~t:att! componeuJ: of sp.acies diversity. Fleming (1973) think.s t.h:l.'t

the increase in mam.."Ual species in tropical habit<:,ts (forests) compared

to similar terep~rat~ habitats is primarily due to the increase in bat

itp€:(;ies 'i\hich :is probahly due, in tmn, to the i'l1c:reased variety -and .. ­

ye.,<;.r··r()umi aV2ilsbility of certain kJ..11d.a of. food resources like fruit.

HcfJe~ (1971) il~ hi.f.~ study un the t"('o~)h~.c otr.uctut:e of bat communities

,illso cites the :tncn~fh'eG c1ivers:l.ty of food ~OOOl.U:cc;.> used hyt.ropi.cal

\);;;.1.:£ as an j.:t.FoTt<l,~t !act07:' lnthc lr~cr(1(\~'li) 1'0 bat Lavers:i.ty.·
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Ftlrther evidence that IIw1thil1 habit,;,'1-);" diversity' forces are

operating to increase gast:~opod diversi::}" in tn,? t.ropics-ean be found

in p:rct:ected. sandy beach he.b::i:i::.ats. On <1 5and)~beach inside Cocs'Ba1~'

Or.egons there occ'ur inte:rtidally two species of 012.ve11a 'Hhich

pr.obably feed on detritus) and an unco~on predator., Foli.nic~~

too. On a similar beach in Samara, Costa. Rica, there ~ccur 01iv~~la

chem...i.itzi;t (eat·sOl~ye118 aud maybe Agaronia and bivalves) rand Natic.a

~. (eats Olivella and possibly bivalves). This increase.::i.n species

kind of food resources used (plankton a~dgastrnpods) compared ~o the .

t:empe1"8.te:. si.tuaticus and by separation: in space and time: ..thculiv.£lla

colutrel1uris population follows the tide. up and dO\ln the beach;

in the mid tide zone; and N. fJayi in the low Jntarticlel ZOne.

CCi'~.t:t·.;)11(:'d by IGi':al phy~1c(lJ. conditions like those ment5.oned. I. may

nQt have sanpled :1.(1, au .o.l·(~& 114 C()~"lt2 Rica wh~re the physical conditions

tf t~pec:i.~s pool Tl.un:hcT.. 'rho Ol:egor. tt"8.nsectwith the. highest percent of
~,

:.'
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in Costa RicR' is QU~pos 1 "with 51%. Th:Ls also ma:s' be j':.1.st du'Z! to

pre.biems w:l.th sampl:i,ng in patchy habit-.;ltS.

One of the problems ~ith ascribing the diversity increases to-an

increase in '';,.rithin habitat!ldiver~:Lt:}'i.s that: wha.t.I .call a habitat.-

(the n~cky iutertidal zone) :J.sdivis:tb.l.z :i..nto m.ore t.lls.n Cl1O,e. microbe.hi....

tat by the sn~ils. Some of these microhabitats m~ybe patchy in their

distributiol1. so that' rocky intertidal are.as, 'which I think ar~ similar;

may actually be different with respeet -t.o some m:i.crohabit<1.tnot

,e~siLy discez.libleby me~ but~hichdeterm1neswh~ther a particular

gastropodsp-ecies is there or not. If this is thf:: case~and-it

probably is' ,foT. some suailspec;te.s, there. '~Nill also be a Ubetween

habitat" cCinponent of the total d;hrcr::.ity \.rh.:t.c.n 111ay -be higher in t.he

tropical areas thus favoring a higher species diversity (}~cArthur,

19(5).

The number of unique- species in samples of similar, geographlc.::l.11y

close babitats can probs.hly serve as an ind·:icatcr- of tibet-ween hahi·tat"

di.ff€:renc.es (Janzenanc1 Schoener, 1968; Allan et til t 1973). Alt.hough

the aver.ages for the prQport:loncf unique species ift the Oregon and

Costa R:i.can transects ~.r~ not significantlyd:!.ffer~nt, the t~et1dis

for tl:H~ Cc.,sta Ricall. t.ransec ts to have a higher propo1:"ti.on of'-\""Uique

sp(;.cies ('fable V). This trend and the fact. that t;;'e sim:l.larity of

sp£:d.,es corapusition of geog1'<J.phi.cally c.loee t1':~:,l1S(;CtS tends.tobe lo....rer

in ('o:-;t;;J. Rica. (Tabl'£; 'IV) 'r:-my indic2.t.:e that there'is greater !'be~?ecn
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of more- r€~fugee spec:te.s from miY..ed .s,.~.rtd-lIrud-roc.'k habitats in t~he -ar~a.."

Kart' . (1971), Oriana (1969), Hey-er and 'Ber\ieu (1973) t and Patri.ck (lY68).

all stress that :rare species could be. refugees frClr.1 su-~rounding areas

and probably 'Hould nc't. S~t:rvive l.:::l the Iv~hit.at under study. C'=I'tainly

somB of therarfZ snails in my Costa Rice,n tl-anSet'ts (s;.u:h as Q:£eatC?­

stOl':'a. 'pseudodollJ are £-r9m the.' subtidal, but the Latal distribution

is no!: kno;;,71,\ for. most other specie.s ;;.;hii~h are -represented in the

trans;.;cts by .onl:; a £e,,7 individuals •

. .In ?,ddJtiol1 to refugee species .01' patchy ndcrohardtats., the

occurrence of unique species may be attributed to a sufficiently

of individi.'1als to sU1:vive (Baker, 1970). If thisvie:re the case.

one would expect the increase between. Oregon aud Costa Rica in

unique species to occur among both he:rbivore and car;I:!:;;c::e spec:tes~

The percentage of unique 13peci£s which "H'\~ herbivores and carnivores'

is ~~,ilar for Oregon aud Costa Rica; thus it apFeaT~ that this may

U!f::: occun:7tlg (Tahir; VII). If thF-l Costa Rh',C\D. c81.nbtCire hut not the

herbivorE: proportion had :in.::: reaii'ed D thi.s might he\ve been. t.ecauBe

which an:: u.sue.lly largel: (in order to !';ubdueprey) and :nlrcr due. to

high eneLgy require~ent8.

I think th.:lt: the grc-ate·.:-g.c.st:ropod and ch:!.tt.1c specirs lUvel'sity
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thet'El ,;ls prohably ,1.130' some ine.r.er.lse due to the' Hbetue6n habit2.t"

co~nponent cf spE:c.ies d:i.~,'1~rsity,

Rica ~ould haY", been .1..nfluenced t:.; cornpetit:.i.on, predation? and/or

:i.m,:nigra.tion. Without: experimentat.ion in -tht~ ficld~ most of t.he

evidence .:ela.ting to the possibility of compet:.1.ti.oIl or predation 8.S ;;.

str'J,ctm::ing fCL'ce in the cOmDl'1.mity must be circcmstantis..l or specu-

lative.

I cannot supply any.direct evidence supporting Paine's hypothesis

that the large number of predatory gastropodspBc:i.es :i.n Coste Rica

should be redud.ng compe1 itionallJr):.g the p)~ey specie's fer liill.it::iug

can perhap~ ;;~r)pn:rt more pn'ldators. Host of the increase in predato:.::

divs!':slt.y is in species "..hich eat fish» sipur~culid$, ·dead mat{;lri31~-

and polychaetl?~. With the exc.eptionof £tome famIlies of polychaete.a;>

these pr'.!)' do not appear to be capable of -monopolizing the spac.a

resource which Paine (1~66a~ 1971) feels ia important in tl~ rocky

5-nterti.tl,d C{)Irn::lunity.

If spoce In t:heintertidal could be lim:~tlr~g f01' some species

O!ain€.) J.S'f,Ga. ~ . 1971; Dayton, 1971) ; barnacles ss~ to 1Ia the only

~:n:g$n:ts1U cap3ble ox monopolizing this resout'ce in the nbsence of

~

D;mSOll (1962) dfl8ct:ihes th(; .uea .:~r.()und Qvepos, CostG\'
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has seen on t.he Pacific. CQast:. S:l.x of the ten fa.."1l.il:tes -of pclychaetes

that' provide -food resourc'.:!s for Costa Ric;:m snails are tub~· builders

which require space, but it would have co be da~0nstrated· that some

of the.;c species CQuj.a .·Jin in a competiti.ye sitHat:i.on ~7h&re space was

larii.dtl.."l.hes (Puerto ESCOD.dido), so this might De a posl:ibility~

These mats r)f _"O'()l'111 i:ulJes are shelters for many d1.fferent ki.aus -of

polychaetes, crustaceans, and smd_l1 gastropods, so that: the overall

diversi~y is increas~d cmuparedto-a mass of barnacles.

In Costa Rica there are no large invet:tebrr-ite carnj.vores H.ke the

of 1>a-r-rm~le8~ bivalves, and ga.stropods (Paine, 1966a, 1971; Menge 9

~ 9-:").l I ..'.. I> The top invertebrate carnivores in mj? -Co~ta Rican ·tTansect~

are four spacies of: gast.ropods whose populatinns appear. to occupy

different- habitats, p·cob.ably based on intertidal height. and wave.

e:r.:poSUln? (H-ff.~rencee. As with the staxfish in Oregon, these species

do not t'ely only on gastropods for prey; they alJ. eat: barnacles «Iso

and probably could handle bivalves. Although these species do not

he.ve in11vidual$ the sizE' of PisJl"§"~~~ the popul"ltion s:l zes can be

substant:l.aL 'Thus they -f;<n.ll,: e<Hdly .!lffect the Bbu;'ldance Qfother

gc.st.:':OP"~.s significantly.

1 doner. hsve data en ~rey abundance or sFecies diversity so I
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hypothesis .pred~.ct.s, nor wn~ther th.e 1.nc.n::ase in gastro}'od c~rnivon~

d:i.,;exBity i" correlated withetl1 ;l.r~creas:e in prey di7e1~s:\"ty,. as

R~nold (1972) fou~d fer lizard species. The predatio~ theory wo~ld

pl:edict:: the rev~rse. There 1.a· also a real passiMJ ity that the entlre

intertUa.l cOlTlumnity is structur.ed by intense fish pI.'edation (E,akus,

1969).

The:re is some ·ev:i.der.!:? of. 8.speculativia nature thatcCIl,rpeti tiOll

is a major stru~turing force in .these rocky intertidal communities.

llhen the :1-:ntert:ldal height ranges (defined as the numb.ar of ce.nt:.!.~

-meters between two standard deviat::i:ons above and t:wr:J standa-rd .

df':.vi.ations below the average h~ight of the quadrats in 'li7h:f.{'.h a species

are compared in Oregon and Costa Rica? the ranges inOregou are

signHicantly wic.er (t'''2.460; d •.f...",S5; P< .05; 2 ta.:U·test) .. Thls

could support the idea that compecition due to increased llUfdbers of

species in Costa Rica CQuld lead ttl habitat contraction for SOide

species while the rQod preferences fer these sp~cies would remain

similar (MacArthur and Pianka, 1966; K~cArthur and Wilson, 1967).

Th5.s apparent reducticn .tn rw.bitat sizes for the Costa Ric:m

gastropod:: 'l1\8.;,., hm,levr;r, be the result of an effective lom~ring of

'Upper- line.its at •.;r;:lch f:n:dlc ;~<'l:i:1survive in the. trop:tcn.l intertidal

:JUl." to the high!': h\?U: st:::;::S:9. Notice in Figures 5 and 6 for the

m.al',bE:l: of species in quadrats (;·f certain aver-age heights that the

upper Ihrdt of the di.stl'ihltiol'- of: poin.ts in the Costa Rica gr.aph

tli~ets tl-.e Y-:uds ~t a much 1mo'er height than in that. for Oregon.
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In spit:e of the dif·ferenc8 in hO"'- the :&i.~ro tide base line i.s

cleterm.ined, I think th.~ aifferel'lee is X'eal e.nd probably due to

desiccation factors. If then. :is a h.f\;'1cring of the effective

int.ertida.l height. f01: ph~'~~iQlogical reasons., I t''fOuld also expect the

int:e.rd.dal ranges of most. spacie~'l to shrink.

There has been some the~.iret:i('_C',l irn)rk on , ..hether one should find

geueralist or specialist predators in a situation structured by

competition (Hac,A:r.thu:::- aud Pianv..a, 1966; MacArthu~ anc. Levin!'}, 1964) ~

1:,ut unfortunately I do not have enough dat-e. on most of the species

ca:ns1.,lmin)~ polyclwete~ ar dead _or :i.njureci. ,prey ?-n t~e trcpi,cs to ccmment

too much on differences in p:'ey specislists and g,'.=neralists betvct:',

thf.? tropical anclt:emperat:e - zones. liany carrh_-..'c-1:0tlS sp~cies i.n bort"

arees CG-v. handle at least ~""O dit'fererl.t type!: of pr.ey (Appendices 6 Rnd

7) . t . -". "'. 1 .. f . t- f, SO :J.., snol,u.""- ne POSS:J..D•. e to stntcn }?T,ey PI.'E:, ·ereUC~S_J. _'8. type ...

prey becom;;:s lOjlJ in abundance or if local cc-nd:i.tions pn~~l11de some

There is also the problem of how to define a sp3cinlist; is it

a species wbich ea.ts only 'one species af prey 01:" is it one f(~edj,ng on

jl;Si.: one J,......cy type which may include d.ifferent genera and even

£no there \lOeB appear to be a sepa.ration of these sp€:'cies on the basis

Tt;;'l'1B:i.l1.5 ta be discovere,d, r'ihcther :.ho::;c species that s-t!J.l feed on

similar types of ~JC'nllS ~\C.\lC ~r,,':lti<:ll Clr. temp<."ll'al habitat separation
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and eat s::i:mila:r. specfes or if they actl).ally spe(;:i.alize on di.fferent

spe(;:Les.

The higher nuuber of ubiquitous species in Oregon ma.y mean that

the Costa R:kan gastropods have finer resou?:'ce partitioning .'lith

pa~cr~ food and/or habitats. If competition has forced species to

specialize on patchy re$cu:rces»at~d if these resmirces "n:e patchy

enough'so that my samples missed them insorne transects or they

w!~);:e.n i t thex'e at all, OIle. would expect to find more unique species

and fC'lt7er ubiquitous species in Costa Rica. On the other hand, a

generalist would be better off in an.enviromnent where ,p~ey p~tches

are :;ma11 '.and ·dispersed (}lacArtnur -and Pianka, 1966; Kolm, 19681

Still more speculatively, the fact t.hat. there is only one

spedes of gasl:ropod (Searlesia .E!~) ,in Oregon that d~')es predictably

attack live gastropods in parts of its range (Lloyd, 1972) mey be

due to competition £1'0l.1L predationpres,sures by the starfi.sh

of star-fish in C0sta Rica, the species div~r.sity of gastropod-eating

sn~ilsh~s increased over evolutionary time. Of cuurse, there roay he

phYfiiological <1.:;ld other n:aFions: why these differences occur.

'Ihe estimated volume of gastropods, ,,'hich should approxi.mate

the tre!l(ls that l:e:.'il b:tomnsG lueasu::e.m"i';nts 'Would shov;~ are very

significa.ntly po~it:svcly related t.o tIte latitude ('l'.8.ble XII) and to

no odaE:!" rhys:tc.al pcn:U1n(~tcr.. As men~i.on~d _before r _this :I.s due to

the pH;'SenCi:~ ir' Orcg:l;:.u (/f 1[11.1;(\ dd 1.ons~ s\.Jtdz as· Cr.lp.tochito~
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relati¥ely big herbivore T~&v}a i~I~tr~lis which can occur in numhers

of OFer 100 par square meter. These particula:t· herbivores are. long

lived and keeF growing XOI many

cve:r .30 years old (}'rgnk~ 19(5) lvhile t:he carnivoro.'Js· Thais ~a7."g.~~,a~.,!

probably doesn t t survive lHqcnd 3-4 years (Miller. ~ persona:!. observp.-"

tion).

One might. e..'\.pect the tropical transects . to have a lower estimated

gastropod biomass if the sizes of the individual gastropod8 were

conrpa:r:-ati'ui:ly small due tosht.}rter longevity (hi.gh :t'l\t'l1.0v~:rr) and ,if

Li.ttor:i:na spp. can l.~e

tropical gastropods en He7."c~ Island~ Austrelia, and found thar growth

and" presumably, lQngevi.ty of anurube:r of these snailsco:t'respor'.ds

snails would be able to live as long and gr.ow as large E1S temperate

ones. This may he true for the larg,a subtidal y;t..:umbus. spp. in

Costa Ri<':a.

The8e volume diffcrence·sbe.tween Costa Ricannd Oregon molh.1scs

,also -;aight he at:trib\Jted to productivity dHfer.~nce1:~, but there is no

d;.t:a on productivity foy: this area and one can ~ t make p-redict::tons from

the hi.ml1ass of algae. Although Costa Rica has a more even grayling

s,~a:;:C;h~ there i3 a low standing crop of 6.1gae. This could be caused

~j' t.h'i.: intense gra:dn~j hy f:Lsh and invertebrates and the physiologic.al
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problemsof h~;at: stress in the intertidal. Oregon has the bulk of the

algae produced in a spring bloom ~vhich lasts into the fall, but there

is always an bbvi.om: standingcz:op of elgae all· year arovnd.

The next :steps in compal:ing ::nm1nunity structure in t.he rocky

int.ertidsl a:rea':> :in t.he temperate and tropical regions ~3hould be

along the l:tnes of designing exc:losures 'tostuay the effect gastropods

.and£ish ar'eha.v:hi.g on the invertebrate and algal populations, since

t.he equivalent studies have heen dons in thetemper.ate ~one (Connell,

1961~ 197~; Paine, 196631< 1971; Dayton, 1972). The abundance and

diversity of gastropod prey should also-be measured to deterffiine if

there is a supetaoundanceof food:!:or the gastropod's and 1£ the

1972).

The comm,mity structure in the Costa. Rican rocky intertidal

zon~ is different from Oregon mainly due to the presence of so many

·cernivorous gastropods feeding on food types that exist in the tem.p;;:,:r­

ate rocky intertidal but are not us~d by thepredacecus gastropods

present. The colder wate.rs ID[!Y indeed be hilldering the radiation of

carnivorous .genera of gastropods prominent j.n the tr.opical trophic

str.W:t:lu:e such as CO!lU/!,- Cy!?rae§., and. !1i~nt. On the other hand, it may

just t'e a natter of ti.rne, since the central California water.s do have

members of theSE: genera sub ddally ; and the. Colv:mbell :idae and Turridae.

acc!).:\:' in Oregon; but they hct'!'e not radiatad i.uto many species ~ aa

they hiNt' tn Cestn Rica.
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l'lclluscs, along with someothsr grOi.lps~ h,ave an increastng nUIt:hc::'-

of species a101.,g a decreas:tng latit'..tciin;;il g.:adient.. There are sevP'r'.7l1

ilypotheses regarding ecologicalprQcesses that allow mere species to'

co-occur in tropical habitats tha:rt in similar habi.tat& in the tempe:'::~te

zone. This study a"<amirles how differences in physical variables and

trophic: structure affect local species diversity in similar. rocky

intertidal regions of the .West R~eric~~ and relates these results

to hypotheses put forth 1:0 expla:t.l'l. diversi::y gradients.

Trans~cts in roc~y i~t€r.ridal are~s ~er~ don~ jn ar~gon~ U.S.A.,

and Costa Rica. Central Americ.a, to compare gastr(}pcd and chit-or.

sfl8cies diversity and trophic relatiollships and food and habitat

preferences of carnivorous gast£cpods. Se.veral physical paramcte:r.s

~f each tnmsect were meas1,.n:ed to determine if Rome relationship

exist~d between th~n and species dive~5ity. These parameters were:

degree of wave ej~posure; proportion of quadrats in the tri::msect in

the mid and l.o~? iu..ertidal zones; latit'..l.ctq the proportion of quadrats

Hrdc.h fu>.d the und?,;;:s:i.c:.es of bfJulde:cs or ledges available for hab:U.:aU.on~

,e.nd !::w{) mF.:<1sure<> of topcgraphic relief.

The 81:uJies ,~one at s:b: si.::os in Oregcn and eight sites. in Costa

I0.ca eho\\' th?i:: lo~al gliS>t::ropod ar,.d chiton ~.peci.es dive.rsity is

va.li.cblc·; t.hr:, tropic<-'l s:tteB do x"ci;. ahrayfl have a. higher diversJ.ty.



97

Oregon (44), so there 1$ 8.n lnc:r:ease in div:~!":::l;:y' in 10hz lroi,ics

whell larger geof,ra.phic areas are ~ons:t6.eT{,:d. The tropical t:u.msect&

have a different trop~dc structur-e with ~ny Illoze carnh?orons

gastropod speci~s than the Oregon trauBects. The densi~y and estimated

volume of snails per square mete.r is much higher in the temparate

t.rausec.ts owl:ng to the size and lUJmbers of herb:b.ro":ous individuals~

A stepwise. multiple. regression of thenum.her of species on the

physical parameters suggested that wave er.posuZ"s is ,th~ most important

variable influex!cing species di''lcrsity among t:he transe::;ts; the next

t~...o parameters in. order of importance ·are the pr-op1nt:hm'of thp,

transect that is in the high intertidal'2-one El.lldthc pxedictability

Hout carr.ivo::~ous ge,stX"opod specIes ,-lith OVGxl;,::ppil,.g tnte.rtid.al

height :n:mges use different iood rf.$(lurces < The:.ncrt:1.i:l.se in .

carnivorous i?,astropoo diverEdty in Costa Ric~ :i.s tnostly in species

which utilize different food reg~urces than do te~perate zone snails,

spec.ies that: ea~ polyLhaete ;";(JrIDS, and snailstliat prefar dead cr

injtn::~d organisms. .BecausE;; of tl1f:::se feedi.llg differerH:.es the tropic;,:.)

c.ormmnity trophic <;tnw.ture is much mOT!; cm!~pl-ex than the terl'lperate

ella"



APPENDIX 1

'Topographic ~rofiles of the traTlf.leeti~ in reJation

to the int~rtidal he:tght. The profi1.e li.'l.e in

tTanse.c;ts l1iJt sampled every meter is broken. Note

that the tr.ansect profiles for South Cove ~.md

Samara 1, 2, and 3 are separated into sections.
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APPENDIX 2. 1,IST 017 SPF.:CIES

108

AND .1:HJ.dn:E~t OF INDIV IllUfJ..S FOUNT) IN EACH."

Species

G.\STROPODA: PROSOBIUl..NCHIA

Diodora asp,ern
(Rathke!; 1833)

Acmaea mitra-------Rathke, 1833

Ac.maea pelt~

Rathke, 1833

l,irularia sucd.ncta
(Carpenter, -1346)

(.If!%cun:::~ carina ta--.__._- ---- --
GoulcL .!8'!;B

~irti:.F.~~ e2chYi.ehtfj._._-_.__ ...-... -......- _..-._---~~.~_ ..,.
(}bAdendorff, 1849)

308

1

73

ClJ
:>-
o

t,;

t.U~

.-i
"0
"0
;;;j
"..<

641

3

142

41

1

185

t1J
t'A~

o
(.)

lllN
.-l
"0
'"0
-r!
~

3

53

15

2

15

67

36

530

1532

5

433

9

144

113

7"• I

248

2165

75

HO

o
u
~

,-j
C{jrl

'"n,
i:1:l
fJ

286

1

,0

28

30

1

2050

o
g
m

.-t
Cf.:lN

t1J
0-
c;.l

(.1

220

3

67

51

15

51

3

928

350

1



~~~rithicpsis £~lllinna

Cor-penter) 1864

Cerithiopsis 2~p.jne~~~

--Dal1,. 1884

Onalia chacei
Strong;-1937

Velutina laevigata
(Linnaeus,1767.f-

Ceratostoma fol:i.atnm
(GmeliIl) 1792)

Ocenebra interfossa
- (f'~,~c>';;'t-:;'--fR'6-r)

~jOt.- - It '-"-;1- - - ,

Ocenebra . lu.rida
(Midclendor£f, 1849)

Thais canaliculata
(Duclos, 1332-)--

Thais la1.'ilellosa-------_.-
(Gmelin, Ii' 91)

kIl1:ihissa co lumbiana
--:r:"-1-1--1-Q'6---·------

.va .... , .... J.

Mftrella carlnata
----_.~_.....- ------"-

(hinds, 18,:+b)

He

i

3

22

2

HCl

1

·2

5

21

MC2

1

1

1

18

18

1

7

31

3

sc

3

10

1

4

5

76

19

60

147

29

eBl

1

9

17

93

31

19

C132

5

4

3

40

28

109
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NC Hel Me2 SC eEl CII:?'

.~. Elut''::.!.'Jsa 2 :? 16
Gould, 18l~6

Tonicella lineata 29 24 18 91 18 15
(Wood, -1815)

PlaciEhorella velata 1
Carpenter in Dall, 1879

chiton sp. I 1 1

chiton sp. 2 1

ECHINODERHATA: ASTEROIDEA

teptasterias pexactis 3 22 ."\ 33 1lI 35.)

(Stimpson, 1862)

fisaster o<:hraceus 3 1 l~ 76 53
(BrUi.ldt 3

1835)--'-

1·1'--~j.
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PE PHl PH2 . 1'113 S1 S2 S3 Ql Q2.

Nctcacrnaca filo~a 3
'(Ca~enter-;T865)

B~urria t~csoleuca 1 • 4 3--_...-_....._--- 1.

G;a~'J.ke ~ 1851)

Sc:~gl~ .9tip~J.<ltt,

(Reeve, 1855) 2 4 2 :3 1

;~~u].~ :::..?okr)~;:t2-.
(l::.A. F'mith, 1877) 11 1 2 2 •,.

.!~!2,:f.l.'\ J.{l.cb'.:1:!::!2
(Carpencer, 1857) 38

:F.!~~ p~~11l:l.£eE.P3~s.
(',..rood, 182&) 7 S 25 1

Arene Spa 1

'!1Jr.+~ s£>.xosm.: .5 5 ~
.. Wo-Od'~-T82S .-

Ned toR funicu1.ata 212 . 1:; 6 658 11 466 2 4
Menk·e. 1851---

Nerita scnbd.costa 5i 71 39 3 12 3 18 6
'-La!lll:;rck~, ,1.822

.1::1. t.torir:.a EEi.!..~~ 1302 .. 219 133 238 18 3I

Philippi. 1846

Littorinn modesta 73 2601 8 1036 7 91 68 11
P'h:l.1ipp1. 18~

J->
J->
W



FE PRl PH2 PH3 81 S2 83 Ql QZ

Rissoinn effusa 1
-'HoZ"ch:-1860-

l~!ite1:!.a sp. 1

Cerithi~~ aduztum 1 1 1 2 4 1.1 1 1
Kip.ner:--f841

:ed.thium ger.1Jl}.at~ 40 1
Hinds, 1844

Y1.a~.::.. plan~~tus 14 93 2? 193
Sowa:r.ty. 1825

ni~_~.~':':' E.8.nr.unensis 25 256 28 12 80 15
C.3. Adams, 1852

_Crudbulurn sp. 1

E-rnto ap. 1

CYr:;::~ !!~£.~~t~la 3.
(Lamarck, 1811)

£i.''p'rae~ E.,!!l:'Jin~_~!:_~ '.".Kiener.. 18L,3

.f~a tium 1:!finariuq 1
(ErodedI' , 1833)

l-'
l-'
~



PE PHi PH2 PH3 81 S2 83 ql Q1

Bursa cHelnta 1 ....
L,.

"'(Br?derip ;-'1833)

~pell.! nramida1:l.s 1
(B'Coderip, 1833)

Muricanthus call1dinus 2
:Berry, 19,58---

~l;1nth~~. pr.:l.!,.z~ 3
(Brodedp. 1833)

fOr?l~,ophil,;. costate 1
(Blainville, 1832)

Acant.hir.a b~evidentata 4 54 17 . 86 113 23 3
(Weed. 1828)----

!!.~rula J'errugincsa 2 1 1 1
(Reevc, 1846)

Purpura. coh\:neUad.s 2
(Lamarck, 1822)

.J?~:qmra .pans~ 33 :3 1
Gould. 1853

':Cha19 biserialis 1- 1 14
-(Bla'lrivi l1e-;-1832)

Thai::! melones 13. 22 39 46 :n 34 100 41 25---- ,(Dudos, 1832;

:_:a
1-0'
v.



PE 'PHI PH2 PRj 81 82 53 QJ. QZ

Thais stlec:losa 26 1
-~ .•._-.~--
(Valencie~nes, ~832)

.Tb,i!;!. .::riangula.ill 46 .. 4 15 1 2,')

(Blainvil1e, 1832)'

Cantha.:-u~~~tus. 1
(Reeve, 1(46)

Cal't!~'!~ sa!18,~}~.nolen~ 10 3
(DucIo!:, 1833)

Engina~ 1
(So~"erby ,1832)

Y.ngina p_,!!chr.'1J 2
(Reeve, 18/.6)

]:ngi;1a .!:!!-E~~~ .1 4
Bartsch, 1931

Anachis boivini 27 42 136
(KIene1:"-:-D3'lll f

AM,chis daHl 43 172 B
BV:r€SCh, 193i.

Anacbis fluctuata .8 124 4ll 4
(Scwerb')0S32)

!.nachis lentigenos,t!. 235 89 1 71 1
(Hir:ds, 1844)

I-'
I-"
t3'o



PE PHI PH2 P113 Sl 82 S3 Ql Q2

Anachis parualis ! 29
"(kinds ,--f843')

"A!12.chis .EZ£!l~ 21
(Sowerby, 1832)

Anachie var:l:.1 7
(So"..lerbY:18"32)

Antl.~h~!. sp. 1

Columbella fuscatA 1
- SO\-1erbY;-.183'2"--

Colu~bella stKombiformis 27 7
. LU'1larck, 182"-2----

£'Wlmbella sp. 1 1

£.!?1~~:..11s. sp. 2 1

.
~~~ella elegan~ I 12 I 1 6

(DaIl, 1871)

Mitrella sp.. 20

Leucozonla cerata 10 4 2 1 3 .5
(Wood, 1828)---

I-'
l-'......



FE FHI PH2 P113 Sl 92 S3 Q1 Q2

.2.peatostoma .P!.'£.~lodo1}. 1 1 1 1
(Burrow. 1815)

Hlt::a lens 1 1
J.

~jood.1828

Hit:-a trist:!.s 4 1 1 2 , 1 1 3
-Br;;derip. 1836

Co~ gladiat!?.!. 4 1 1 1 1 1 1
:6roderip, 1833

Conus nux 12 2 2
D'l:od"erip. 1833

Conu$. .E!'inceps 1
l,inn.~.eus. 1758

Conus purp\lrascens' 1 1 1 2---'--'-SOHerby. 1833

Crassispira disco!~ 1
(Sowel"by, 183 l.)

frassispira ~~~ynome 1
Dall, 1919

C~ussispir~ rudis 11 2
(So~...erby) 18.J/~)

Pilsbryspira ~terr~~. 5 :3 1
(S,;,w3rby, 1834)

,....,....
co



FE PHl PH2 1'113 81 S2 1$3 Ql Q2

!.};lst.:!:l~mir~ ~rciacu?~~!. 1
Sha:::ky, 1971

Pilsbn.:..spir~~1.<;!le:rs1. 2
(1·1enke. 1851)

Pl1sbr~s2iE!! (uuJe$cribed) .,
'"

GASTROPODA: OPISTHOBRN1CHIA

Cdo~!,,-ia. sf'. 6

Bllll~ EE.,nctulata 4
A. Adams in Sowerhy~ 1850

Dolabriferu sp. 2 4 9 4. I

TridachiellJ:t diomedea .5 1.3 S
(Bergh, 1894) -

nud:tbr.am~h sp. 1

GASTROPODA: PUU10NATA

§.lplwEerla lli.~~ 1 H
SO'''t.?-rby, . 1825

gphonnri:!. .l?.D.lmata . 9 1 1 2 53
Carpenter; 1857

}-'
)-l
1.0



PO!~YPLl\COPHOM

Acanthocbiton~ rhode~

-(Pilsb't:y;Tii9"3)

.::?£.€!-.I1i:.!~~hi~~81'.

C,,1.J~~i:..ton 91'.

Cal1is~.~.~
(So·",ervy. 1832)

ChaetoEl~~ sp.

Chiton elbolineatus
-r,rOcie'r'Ip & Sowerby •. 1819

Chiton artfculatus
Sowerby. 1832"--

Chiton stokesii
Brodedp) la'3I

l'..adsiella sp. 1

~ds:tell~ sp. 2

Stenoulax limnciformis
-(S~y, 1832-)----

l"E

10

2

Itl

16

PHl

3

PH2

10

1

1"113

1

Sl

2

1

1

13

14

S2

6

1

10

1

83

2

2

s

I;

2

Ql

1

9

1

Q2

1

9

r-a
N
o



APPENDIX 4.

121

ESTIHATED VOLUME IN CM
3

OF INDIVID'JAL ORECON
GASTROPOD AND C:HTON SPECIES USED IN CALCULATING
H! VOLm1E FOR THE TRANSECTS.

SPECIES

GASTROPODA: fROSOBRANCHIA

Diodo·r.a asuera_____ ---'--4-__

Acmaea mitra

4.301

0.200

2.649

2.362

2.264

SPECIES

Thais l;analicu'lata

Thais lamellosa

Searlesia dira

.~p~issacolumbiana

Mitrel1a carinata----- -_._.-

iJOLUHE

0.540

0.572

3.159

1.595

0.286

0.036

Acmaea scutum 1.242 GASTROFODA: OPISTHOtPJlNCHIA

Littorina scutul~ta

Lacuna carinata

Bitt~.um eschrichti:i.

Cerith:fopsisstei!!egeri--.- . _.- - '"

1.344

0.026

2.547

0.059

0.009

0.046

0.014

0.034

H.:;,rmj.ssenda c1.'Rssicornis

Triopha.carpenteri.

GASTROPODA: PULMONATA

POl.YPLACOPHORA

4.251

0.056

0.593

0.884

0.032

0·(13.11a cnacei
.-~~_.....--_.__.

Ccr8.tostC'ma folia tum

Ocenebra interfoss&__ - ._. 0-- ~ •__.~--._

Oeeneb.ra l'.Jr:!.da

0.151

0.574

0,066

4.955

0.2.69

0.319

Kathar:i-n.a tunicate.

2356.884

0.127

0.127

80.660

0.961

23.399



Tonicella li~eat2

chiton sp. 1

chiton sp. 2

20.488

19.386

3.561

13.123

0.113

0.127

122



123

AYPENDIX 5. ESTIMATED VOLL~ffi IN CM3 OF INDIVIDUAL COSTA RICAN
GASTROPOD ,AND CH1TON SPECIES USED· I<'l CALCUl.ATING
H~VOLU!'fF FOR THE TRA.7'iSECTS.

SPECIES

GASTl<OPODA: PROS OBRl'I.NCHIA

Dio0018 pica

~ssur~11a microtrema

}'issurel1a nigrocinct8.

Fissurella yires~ens

Not~~~ fascicularis

Notoacmaea fi10sa-------
Scurria mesoleuca

Littorina rncdest3-------....--."

VCUIME

0.,630

0 .. 022

L016

L597

14588

0.058

0.154

0.269

0.269

0.236

1.546

0.007

1.701

Oe 151

Q.798

SPECIES

Rissoina cffusa----
Turritella sp.

Cerithium ge:::llllst:um. ". -...-._--

C"'"1'praea <':1rab1.cula---- _.~.- .._---
SlPrae~ cervinetta

Bursa caelata-- ---.--.......

Corallicnhi1c:; cOfltat:J...... ~ ......~ ----

Moiuls ferru2inosa
~---_.-.. -~.,.----~._-----

VOLUHE

0.,007

0.189

0.113

0.042

0.235

0.336

0.059

11.700

0.,425

7.630

27 ~ ~50

1.646

0.843

1.331

2.126



Thais m<f.'lo~1es 1. 6J.3 Mitra tdstis

12 /1

0.142

Thais triangulaxis

Engina u:aura

Anach.is. boivini
----~-----

Anach:i.s dalH.

Anachis fluctuata

0.794

O.3L,0

1.418

0.8.32

0.202

0.142

0.123

0.132

0.014

0.232

G.OH

0.016

0.025

COl11.1S nux 0.394

S;rass2spira discQrs . 0.016

Crassispir~ ~urynome 0.123

Pilsbrysp~~ m~J.chers1. 0.072

GASTROPODA: OPISTHOBRANCHIA

Odost~~ia sp. 0.004

Columbelln fuscata

Culumbella str,:):nbiform:i.s

Cc;lumbella sp. 1

L~'JCC,Z0Hia_ c€:rata--_.__._~----- --------

H:'.tra lens

0.076

0.072

0.756

O. 60l~

0.104

0.059

0.046

0.005

0.319

0.869

Tr iei r!chiella d iomedea

nndihranch f,;p.

GASTROPODA: PULHONATA

POLYPLACOPHOf<.J\

Acanthodd. tcna rhodea

0.396

2.78Ll

1. 557

0.268

2.599

0.064

0.706

0.e50



Cal1istoulax retusa-----"'-- ._---

Chaetc.pleura sp.

Chiton albolineatus----------
Chiton articulatus

Chiton stokesii.

0.553

0.254

2 •. 539

3.416

0.170

0.170

0.981

12.5



APPENDIX 6. A LIST OF PREY OF CAfu~IVOROUS GASTROPODS AND CUITONS OF OREGON.
*OBSERVATIONS WERE ~U\DE ON A DIFFERENT SPECIES OF THE S~1E GENUS.

Fray. Number of Observations. -
Predator._._-----

f'ROSOHRANCHIA
EpHonii.dae.

f~~oniumtinctt"P2:

oP.?1.!.8.

Velutin:f.dae
,YelutJ.na laev)-.:.Kata

M1Jricic.~ae

Cer<.ttost01!lE. foliata

~ la~~,iLi:£~.!lE.!!

Cnidclria.
Anthozoa

Cnidaria.
Anthozoa

Chord..1ta
Ascidiaces

Cnidaria
Hydrozoa

1"rol1usca
B:t:valv:!.a

t l ~

~!!'~

Sea anentoner;

Anthopleura. .'?legant;tssima

tunic~tBs

hydroids

Eotula californiensis
..S8xi~~ c;p.
Z:;.rfac§!. £J..l.~~~!
Pro tothaca f tandnea

Present
~.udX--

4

1
17

1.
1

Previcus--Studies

*Robinson (1970)

*Graham (1955)

>loG' (~O~5).. r anam.L ~ ;)

.9cer~bt2.J.nterfo~ Arthropoda
Cirr:l.pedia ba r11;,;l.(; les 12

f-'
!'.)
0'



Q£erwl~~~ luride,

Thn.:1.didae
}'hai~ .£:£!l:l±.!culata

:!.ba i~~ ~n:g i..E!.•:'?-t~

Ih~.i.s lamellosa

Pori.fera
Ann~lid8.

Polychaete.
Sedentaria

Hol1usea
Bivalv:ta
Gastropoda

Arthropoda.
Cirripedia

Hollusca
B:ivalvia

At:"thropocia
Cinipedia

HolJ.usca
Bival'1:1a
Gastropoda

Arthropoda
CiJ:'J:ipedia

Mollusca
Bivalvia

Arthropoda
Cirripedia

sponge

.§.:e.go':..b.~. sp.

Botula?-----
Acma~.§. pel ta

barnacles

!1yt 11~ cal:i~£?:..!!ianur;

barnacles

~.Y.!.:!:J-us . cal i.f:ornianu..!
A~m,len digitalis----- --,~---
~~2~~lt3

Barnacles

!.~l tu!a .£.C!lif~:rnieE!?is

NvtHuscuHfornianus-_...~-- -_._---_.
Pholnd.i-d~0 3p.

barrHlcles

9

13

1
3

37

26

7

14
3
1

78

118
...
.:J..
.l

140

Paris (1960)

DEyton (1971);
Paris (1%0)

Dayton (1971) t
C"l1nell; (1970)

Dayton (1971);
Connell ~ (1970)

l-'
~.,)

'J



~o~e 3

Cirratulidae
Dodecaceria fistulicola? 6
unidentifled-' 1

Capitellidae 1
Terebel1idae 1
SabellarHdae

Sabcllaria cementaril.l.m 2
Sabellid~H~ 6
Se.rpulidaE:

SpiroT:..bis sp. 1"7
Nerci.da~~

E.~.:"\tY'1"~!eis bicC1.naliculata 10
unide~tified 1

Cclumb'E:l1idae·
~~"!lPl:i.s~ .s:Cll~lbia~~ Porifera

Annelida
PCllychaeta

Sedentaria

Er.rantia

Mollusca.
Ge.strcpoda

. Ar thropoda .
Cirripeclia

Carrion

!\cE'~ J.?.~1t~
Littcriua scutulata
un1dent1fted
unidentified Crustacea
barr12cles
dead fish

1
1
2

12
10

3

Mitrel1a carinata- - .Ar~nalida

P()lycha:eta
E:t::r.antia

Arthropoda

Nereidl'l.9
unidentified
unidentified Cr~stacea

1
1
1

~...
~
0:)



J.3u":e:lnidae
..:i'?J:"El.§j.i~ .d i r ,~ Por:I.fera

Annelida
i'olychaeta

Sedenta:r.ia

Errcmtia

Mollusca
Bivalvia

Gastropoda

Pol~lPllicophor.a

Art'hropcd<l
Cirripedla

Car:c:l()1'l

:-:ponge

Cii'ratulid3e
I!ode,~ac€~~~!~ sp.

TerebelHdan
Pista pac:r.fica
Th~lcPE..i-;~r1s,Eus
unidentified spp.

Sabcllariidne
Sabellariu cementarium

Sabeiiidae- ------
?SSt1(l£e:~....tn.n!:Lll~ 2.cel.lata
unidentifIed spp.

SerpuHdae
Nereidae

Platvnereis bicanaliculata
Ampha·r."et id8";~-

Phvllocomus hiltoni-"----- -----
Bot\11a7-----
var-ious spp.
Acma~ digi~tel1:i.s

!:S:!!)5!-.to'ape !.t:..~
Acma~.'l SC1.ltub.
T~g~la JllnE~'iral :.t~
1,::"ttC;;E}lla s::.,tttulata
Th;ds lamellas,s----. ~ ~---

Ut':ldcntified
K3f·1'8.!:ina tllnie':1te----------
lP_l~.df'L1t:t:fied Cr\!stacea
bt~·r~~D.c1.E·S

dead Hsh
cf;ad c't:C..Ct!_~

1

3

1
'I...
2

1

:2
5
3

2

1

1

1
1
2
7

2

7
16

2 Lloyd (1972)

3 Lloyd (1972)

1 Lloyd (1972)

13 Lloyd (1972)

62 Lloyd (1972)
8 Lloyd (1972)
6 Lloyd. (2.972)

34 ".Lloyd (1972.)

116 !.loyd (1972)
6 Lloyd' (1972)

71 Lloyd (1972)

109 Llovci (1972)

16 Lloyd 1972) i-'
N

"7 LloyJ 1972) \:).;;;,



NUDI:r)R"''\l~CIUA

Dortdid:::e.
At"ch5. do·;- :ts
mon~rey'ensi~

Diaulula----_._---_.
.sal~:ie,.g~sili

Ro~ta.nE?~ J2.~15J.!Fa

Porife1.'':'

Forifern

Porifera

unidentified sponge

Halichondria ianicea
unidentHied SPOrlde

Hlln~desmi~ ~ersicolor?

.QP.hi it2!!.P2!'J$_~_E~n..~

6

2
l,

1

Co"k (1961)

Conk (1961)

AecHdid,ae
RennJ.ssenda
--,-~,---

crassicornis Cnidaria----._--_.-

'I'rj.PEha .c.al],J~ntel"i. Bryozoa

PDLYPLACOPHORA

Placiphorella 'yell:) 1:a Arthropoda

hydroi.ds

bryozoans

lhre ~ mobile Crustacea 3

Bet'tsch et 0.1,
( , 97""j,., ~ /.. j

McBeth (1971)

HcLean (1962)

J-l
l~

o



APPEN~IX 7. A LIST OF PREY OF COSTA RICAN CARNIVOROUS GASTROPODS.
*OBSERvATIONS WERE ~UillE ON A DIFFERE~! SPECIES OF THE SAME GENUS.

Pr~L Nwnber of Observations_.- ---

I';:'cdator_. --..-........----

PROSOBRANCHIA
Eratoidae

Erato sp.

Clag:if:l.catiOE.

Cnidal'.ia

Chordata.

Species.

Hexamerous c0rals

tunicBtes

Prese~

Stu~y"

J'r(?:vious..- .._...._-_ ....--
Studies

"'~alv lni-Pl~"'::n,
(.1.971. )

*Graha:m (1955)

Cyprae:l.dae
Cvpraea a~abicula Porifera
~.._-------
S::2.p_rae.~ cerY1Detta Porifera

Cho-rc1ata.

unide~tified sponge
unid~ntified sponge
unidentified tunicate

3
5
1

*::;raharrl (1951))

1
Spigl1t 9 unp!.lbl.

Cymatiidaa
Cymatil!~ lignarium

Bursidaf~

Bursa caelata----_.•---

Huricidae
~sp~11a ~lr~midalis

Mollusca
Gastropoda

Echinoderma.ta
Eehinoid:!.:l

Mollusca
BivalviCi

probably ests other snails

probably eats sea urchins

probably bivalves

2
*Mil1cr, unpu~. ;
*Houbric~ & Frette)

(1969)

3
*Miller, unpub.

I\Spight, unpuh. I-'
1,0.)
l-'



Nux :tc~:m tb.:lS
cal1idinus-_._--_. N'ol1usca

Bivalvia urd.dent:i.fied bivalves 9

'!1',.1:tisan tl~:'J~ Rl:i££,~_~~, Hr:·llt.HlC;l
B:J..valvip.. unidcntifid bivslves ,>o

1

Spight, 1:',~?ub. ~

Coral1iophilidaQ
Corall_~£ph:U;~

costate.

Th.t~id.lda.B

AC8!ttbi.na
bT.'\1V iden~~!;?:

MO!'ljln. f(·n:ruginc·sa---_._... -_._..~..._.._-

Crd..da.:c:ta
Zoanthlde;,;\

Arthropoda
C:tr~ iped i~~

Ji:(thropcda
Cirripe.dia

unidentified zoanth:1.ds

b.a:rna.c1es

barnacles

~

J.

~ .~.

';;'-

'2

80 Paine (1966b)

39 Paine (1966b)

P~..I:.!:!~ ~.clw.'i:le~d§:ri~ Npl1usc.a
Ga81.:1·cpo~a

Art1:'1't"opoua
Cl:r::ipedia

Ner:tt.a funicl.llata---- -~""""'-"--""--

1:i~toll-n:1, E2:::.P_?2:~

barnac.le!~

1
1

2

Put"l':lU~raOti!\s.a--"'""_.._" ""'''-----
f'l(,l1usca

Gas\:;.opcda .!-ittc£.ina .!EE9.est~!:.

Bi-:rit~ f~]lis~~Jata

BSIl t"t ~J.?.!:t~.'?.~t1-";.

2
3
1

:-:
~
p.,.)



~~ais hiserialis....-~----- _.._...,-_..._--,......

Thais n€;lones

Hollusc.a
Bivalvia

G<'lHt:topods
li.!'thropoda

Cir.ripedie.
Ca!1:':!.on

J::(o11usca
Bivalvia

G;lS 'Cropoda

P()lyplaco·phoI'2.

h·thropod..a
Cirrip0.d ia

Carrion

mussels & oY6ters

L:Lt~2E ln~..Q-~!E:.~ra..

barnacl~s

Hod :l~!A~. sp.
uni~e'tifled oysters
!i s:-:'iU'~e1113. .~.:1s.];2 t.i:~

Fi~:i:e?11~~:.:L;:~~~§.
'\.mid'<:i.1tHJ.e(~ U.mpet
unidentifie~ turbinid
I~;er:it§. fU~'l~_su.12ta

unidentifiec. vermetids
5~et':!:..tl')i.~ ~EE.s tum
eel." j. t 11 i ~~. g ~·m~:!.~'E.

unidentif.:l.ed :tbaisid
!,Iitr.rJ. lcoH----- .._--
Acanthoch:ttona SPA_._-_.•._-_.- '.

unidentified chiton

barnacle!';
dead C1:ab

2

1

:3
5
"
.1.

3
1
1
2
I:;
.'
.5
3
1
1
1
1

).

1

~o U.' • (19~~~""'..'0 l, .-c\),n,e "lo,..... \..:v,...:t..J., 1
Spigh t, llnpU~',.

18 Paine (1~66a~b)

1.mid(~nti.fj.~;d :n\c.:P.s
11 Paine (_906a.~)

Paine. (19216 L'i.)

5r>ight, ~.r:1plti~ ......

1
Spight, unpub.~

Thain svec:i.osa--_.'- _..~-_ .._.._- f101 lHS(:1!l
BivaJ.vi.a
':;,::l,stropoda

Pol)7}) lat;cpl1o ra
Arthropoda

Cinlpe.d:i.a

unidenUfiea h:Iv.!'tlv2
Tl'1idl;.mtif Jed lirllpet
unid~ntifj,ed ·\Tt".rmetid
.f.e.r:ith !~'l!~ s p •
.~rtlcibuJ.lll~ ~?

, 'J a

!:.~~&~~.. fJpp.
unici,:,:::;tifhd ~hi.ton

ba:rnacJ.\~

5
2
4

1
1.
3

16

Sp:l.ght)
.

• .1.unpua •

j...o
W
\oJ



'l'hfl.:1.s £!"~.fi)?B.~!E<r.is A1:'t~ropod,~.

Cirripeu:!.a

Buccinidae
.Q.e!H:..hal.·u~ ~emmat~ Al·thropod.~

barnacles

unidentified Crustacea

15

..,
""

Cantharus
-~-a~~ila~

!n.jt~r0. !!!.§~~!.ri

~n.[.in~Eab2.as~..ps:ls.

ColUll'!b~11id.::;la

A.l1aChiD br,)ivin.i
~~;..:.::..~,~ ------

Amh311da
Polychaete.

Sedentaria

En:antia

Hol hisca
)?olyplacoi1hoTl:l

At'thropoda
Cil:'r:ipadia

Annelida
Polychacta

Sedel1.tnri,g

Annelida
Polych.setB

SC:ldentilria

C8.t'rion

Sabell/J.:didaf:
.!dC!:0thy'r~~8p.'

EtJ.nicidae
~£rlic~_~£La..§'.

unident:Lfie.d chitvn
unidentified Crustacea
barnacles

Chaetopteridae
Hesochaeumt<:n:\lS minutus------_.._~_._-- .__.-

.Cir:catiJli~ae

.£e!:!.:h.~.lla sp.
Spion:f.dae

P()ly_~~·r~. spo

p:l8ce of ,11.<'8 C

1

1

1
2

1

'".)

2

!..

*Mi.11 l.J:!' ii

;':Miller,

L
unp1Jb.~

i,
unpub.

J..nachi~. daHi.._--_., ...,;.-...-- attrac'ceJ t.o fretlhly killed i:X:,P j li.!rq;et ~

a.nd chi tOlf Spight,
1.

UliP\!·~) 11 I""
i.c.l
~



An.:::ch:!.s fJ.uctuatrt
--~-,_._~~.... -----_.-

FeWe:! I)le.:d.:ld~e
Lcucozcnia cerat.a

Opeat.~toma

tlseudodc'D.J_. .

Hitr.tdaa

!~.~~ .!~~

Mitra td.stis--",-_.._~ ... ----_._-

Anul;;lida
Po lyc.h::tett.i

Sedentarin
Errn.ntia

Annelida
fclYc.haet.a

Sedentar.-:J.a

Holh1.;~ca

G!!S~rclpad.f.)'

Arthropoda
Insri:tfl

Annuli,da
Polycha.!~ta

Sedenta.rl.a

A-:: tlrro-poda
Cirriped~.a

Sip'J.f!culida

S:!.pt.mcu.HrJa

Chne t-opteridae.
N(':re::tdae

Serpulidae
.!!Yiroides 8p.
~PonH:~.!.25~er.£~ sp.

Sp.bl?J.1a:r Ho.a~
l'E.E:l.32<1 tt?J?.geJf,g l.aF ide3~
I ~2:_tgzr L1:Q 12~.P.::l§' t us
ud.dentH i8d sp.

Spionidae
p ('.1Yj.9~i~. s P•

unidentlfiE'd v~rmetid

Lepidopteran wing scales
(h:om d~t!· .l.tus?)

Spionidai
:?9.l~lot'i! sp.

barnacles

~nident~fied sipunculid

Pl~~l;:~colcsorn.<l e-:).___.._.._~.'... _ ..o:.......... .-

·,;ni.deat.ified sipuncul:1.d

1
.1

I)

2

2
2
1

1

2

.,
J.

1

17

"L.

S
2

If Paine (196Gb)

~,J

W
t...J''1



(.01:. id.n!?
Conus glac1ia.to..E..

Conus m:x

.9£{!:~~ .ltri!~.£.~E~?

Go'~'l.~ P~Lu-:p:£:~'?.cens

T1.1r.'r.:tdae
CrMssisoira rudis--_._---'--- ---

.A·r:.nelida
Polyehaeta,

Erranti..~

Annelid!'
Polyc'haet.a

,Erralltia

Axmeli.da
Polychaeta

Errc~ntla

Chordata.
Vt1r.tebJ::ata

Annelida
Pc.,lycl'w,1'at:'i

S(~deI).tHr:ta

Errantia

Amphll10midae
.2_~hi.osin~ sp. ,

Nereida:a
?se.ud9..!2~!~ sp.

:eunictdae '
N!.s~J:.d:l.£!l £§.!i.l,.oaa
~unice E.:e,l':tbo~8.

urdde.ntified

Nerei.d~le

Eunid..dae

Eunicidae

Pe.l('il~\ Dsloloides
FaIola -;i-;'rCfe.nses--_... -'._-------_.-

1:1ve :Hsh

Cirrettl1:td~f~

~(er·~1.)eJ..1.j..dae
r~ereid(.le

1

1

2
2
2

~

..\.

2

1
1

2

1

Nybakke'~l ~ rH.'1~i3.

~orr!1r: ..
Nybakken~ P?rs.

C O~~t.Dl.

~;ybakken, perIJ.
~om:r.t.

Nyhakken. (l?6'l)

t::

~Miller, unpub.~

1.:3 *H:tller~ unpub. 6 ?"'
w
0",



Ni'jDI3F.ANCHI.A
Ae()l idi.dac

unidentHied 151' • Cnidaria (pr':'ibahly) hydroidis 7

..-----_._----- .--------_._..__.__._---..
"'Sp:1.ght, T. M. l!npublished paper.entitle.d ~ Or.£anization cf shal1c'J

"mter max"j.nl":! c;ommul'l.ities. I, Gastropod3 of e tropical l:ocky shora.

2~ i' . , 1".t!.n wetoK ,?lt~ J,: I; Cym<:l,tiu,m chlo1~,)stomum (Link) feeding on Ncn:u.ln__to.... -.._..__.. _,,_.......- . ,

~n1}lat;a in m.id intertidal ;;;"l'l.e•
.~
-F"4·_to~ At-'Ll. Bll-De b't!r-~lh (~111~'l~n) ~~und mn~4"n·rrh·'nD (~. H1_0·,"""UkW~ . !."I. .t~ v .. ..:I., _~ "::.~ ~, - '\IO~ . .... t... J..v I'· l;.f.... l .. <l~.,"'5 u .... .J..... .,; ~":1 .p.J..~

Kolrn, peT;3. COTh.'1.'.), 'pphi':Jrold (2), and an r.mphinomid p()lychj.Qt·~

(1), Nu pclychaete ,setae were (?over founa in the Costa Rican

.Bursa c:aelata fecalpel1ecs.,----_.._"'..-. ..

I}Baje. California; Sol~~.dra.~~~pi!..~. Berry ft,,-md eating r,A':!"nacle,J

(3) and £8.bellid po:Lychaetes(3).

5Jam.a,ica; Gt:11Ss.:l:s.EJ~a.J.u~~. (1).

6~. ~ l'~ iDBJB La 1~orn a; .~~1!.~~ir~ pl;~!E~ ]?:J.lsbry & Lowe found in mid

.. .: r1a· '1 ~.,..'" ,C""'d" :1.... ..,. "'t!, .' p"'p";;; u (11)t...,J,.-v. _ L ,. ...~~L,~~ AI.:}' .... ~ ~l .... .l. ,_-~"".;:I \. ...~ ~

~I

.~....
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