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The theories that have been suggested a3 possible sxplanations
for the increased itropical diversity have Legen reviewed by Planka
(1966), using wostliy zonlogical examples. ZRaker (1970) has commented

on Planka's review using botaunical studies, Briafly, the theories are:

THY ECOLOCICATL &D EVOLUTIORAFY TIME THEORY: The species diversity of
2 region is assumed to incraszse over “dime, znd since the tropics have
had move time to resover Lrom major geclogical disturbinces thawn have
the temperzie areas which hawve had recant glzciation, there should be
more species in the tropics. Pilanka (19Y56) cites evidence to cast

doubt upon the plausibility of this theory, but Baker (1870} prevides

evidence from plants that suggests thie theorvy may be important.

THE THEQRY OF SPATIAL HETERGLENEITY: There might be o general
increase dn envirvonmental compliexity {(i.e., more nicrohabitars) as
one proceeds towsrxrds the tropics. The more heterogeneous a habitat
ig, the move diverse the flora and fauna should be since wore differ

ent microhabitats exist to be expleited.

THE CCOMPETITION HYPOTHESIS: Natural selection ip high latitudes is
controlled moetly by the rigorous physical enviromment., In the
tropice iz is assumed that vayaries of the westher and other physical
forces are not as scveve and that the increaged packing of species
will be accommodated by biologicazl Interactions. The blolegliceal

f natural selection should produce smaller niche dimensiens,

such as more restricted food zed microhabitat cholives, ithus alliowing



more sSpecies to coexist.

THE CLIMATIC STABRILITY THEORY: The regions with stable climates can
allow the evolution of finer adaptations than those zreas where the
climate is move unpredictable because an organism wust be more
generalized to survive a.wiéa range of variation., Finer adaptations
€A1 éllow moTe species to divide vp the resources differeatliv. Also,
a more stable climate ceuld alleow species to survive even if they
were rare. £ 2 unit of habitat czn suppert the sams numbar of
individuals in the temperate and tropiczl regions, there cculd be

more rare species in the itropical habitats.

THE PRODUCTIVITY HI¥POTHESIS: fihe rvegion with fhe greaiter productiviiy
should have the higher species diversity. Pilanka apd Baker dwell at
iength on the evidence zgainst this theory. Coprell and Orias (1564;
nmoedify this theory by incovporating if into the climetie stability

theory which makes it more plausibie.

RBATES OF SPECIATION VERSUS EATINCTION THEORY: Baker (1970) argues

=2

that there are high rates of speciaticn and extinetion snder unsztable
conditions. In the troplices there are stuble aveas, like rain forests,

near the unsrable areas that can absorb some of the new species and

prevent their rapid extinction; this dncresses the overall diversity.

THE PREDAVION THEORY: Paine (1966a) propeses that there are move
predaters in the tropics which control the numbers of prey populatiocns.

This raduces the competition amcng the pray =zpecies. The reduced



ES

cowpeticion among the prey for Tesources should 2llow zdditiconal

species to exist at this trophic level which Iin turn may support
different pradator species. This contradicts the competition thecry
which mays increased competition fur Tesources rather than deereased

competition increases diversity.

Some of the sbove theories overlap, and for any given situation
the diversity cobserved may be a function of several of these conmepts.
Soma recent studies have bean directed to testing some of these
theories.

There have heen studies on several different taxa concerning the
cerrelation of spatial hetevogeneity with some measure of species
diversity. BSpecies diversity increases as the structursl complexity
of the habitat increases for birds {(MacArthur, 1964; MacArthur,
Recher., and Cody, 19663 Recher, 196%9: Karr, 1971; ¥Xarr aund Roth,
1971}, for the gastropoed genus Conus (Kohn, 1967}, for some lizawds
{Pianka, 1967}, for stream fish {Sheldon, 1968}, and for some insects
(Murdech, Fvans, end Peterson, 1972). In the bird studies foliage
height categories wers used ta,quantify the habitat sitructure for
the communities. For the Amevican lizards that Planka (1967) studied,
boﬁh vegotational vertleal complexity and hordzontazl complexity {(as
measured by local distribution potterns of individuals of the plant

species) correlatad positively with ldzard diversity. Kehn (1987,

}

1968) compared intertidal amd subtidal substrates vhich differ in
congidtency and vertical complexity with the species diversity and

dengity of individuals for cue gonus, Lopus, of the coral reel



commenity im the tropies. Both the luose coral sand subsivare and

the flat limestone bench habltats have fewer ggggg species than does
the topographically complex subtidal coral reef bhabltatr. However,

tha intertidal bench has a higher density of individuals. Kohn

did not look at the gastreopod cowmunity diversity as a whole; thus the
relationship of the tezal diversity to these factors is unknown.

Some studies, however, suggest that structural diversity consid-
exred alone is not fhe best explanation for increased diversity.
Pianka (196%2) concludes that the‘tatal nuzber of lizard species in
Australian deserts is not explained by envircomental structura alone,
but alsc by climate and history. Fleming (1973} feels that the
increase in diversity of forest bats in the tropics is qualitatively
related not to vegetational struerural heterogeneity, but appears to
be due to utilization of new food rescurce bases such as fruit,
nectar, bisod, and animal matter. Temperate zone bats are primarily
inseci eaters. Orians (1969) conludes that although the birds he
studied in tropical forests appeared te divide the habitat iato finerx

rertical layers than similar temperate species, the presence of bird

<

spacies which utllize different foods and foraging technigues than do
birds in the temperate zone may be Imporiant too. The increase in
cropical spake diversity 1s highly correlated with the increase in
prey species {(Araold, 1972), 2nd this 1z enough to explain most of the
latitudinal variation. Arnold {1972) suggests that the number of

prey species may be thé most proximate variaple influencing 1lizards

in Pianka's siudlies rather than vegerational height or volume since



most lizards ave carpiveres.

Paine {19€6a. 1971} end Forter {1972) wotkin‘ with maring systems
where starfish are Important predators and Harper {196%) in field
situations with sheep z2s the dowinant herbivorzs give evidence to
support the theory that kéy Pradators can pravent reseurce monropoli-
zation (space in these studies j by a few species of prey so that
nere species czn coexist dn the system. If, In the absence of
predators, these communities ware zllowed to reach higher successienal
stages, space could be monopolized by one or a few species (Auclair
and Geff, 1%71). but through the action of predators, the space
monopolizing prey species populations are distgpteﬁ.

Palne (1%46a, 1971) propeses that this countrol of community
structure by predators may ocgur generally and says that the tendency
for there tc be more carnivorous species in the trepics weuld suppert
this predation thecry. The trend for increases in thes relative
opumber of caruniveorcus species along latitudingl diversity gradients
exints in marine gastropods {Paine, 1986%a; Keen, 1571}, in zooplankten
(Crice and Havrt, 1962), and lizards {Piaunka, 1967). However, if the
number of potentizl prey species alone can cause an increase in
predator species diversity as suggested by the studies of Arneld

(1972) and . Fleming {i973), then Paine’s predation hypothesis might

™~

not b2 auplicebie 1o all taxzs {Fleming, 1973}, Also, as Movaihan
{1971) has pointed out, on gross geographic terrs, the relative number
of species of eagles, bawks, and owlsz and terrestrial and fresh water

Gerpilvora i £he noveh temparats 2one is elitker higher than or similar



to thar of equivalent aress im the tropiecs. So the relative trend

reas may not be

i

of greater numbers of carniveres ip diverse tropical
true for all tazé.

Adthough there is greoater marins gastropod species diversity in
the tropical West Americas than in the temperats vegions {Keen, 1971),
beth Paine {1966a) and Bakus (1967) report unexpecredly low gastroped
diversity in some loczl Intertldal aress which were exanined qualita-
tively in Costa Rica.

The geuneral purpese of this study was to examine guantitatively
local rocky intertidal aress in Oregon, Mexico, and Costa Rica in

order to compare the local apecies diversity and trophic structure of

s Lroken into sections sesking to

4

pasiropod communities. The study
provide ansvers to the following gquestions:

A. How do exposed coast Tocky intertidal‘areas in the temperate and
tropical West Smericas compare in relation to thelr gastropod
snd chiton community structure?

B. Are there any physical factors that can be corrzlated wich

-

overall gastroped and chiton species diversity im tempurate and

3

intertidal areag?

7
t
O

T

"
i3

ical rocky

€. FHow is the increased species packing accomplished

i. Iz there z2n incvease in the "between habitat" component of
di vc19Lt} as predicted by MacArthur (1955), or are "within

habitat” ferezs opararing?

2. f£an the inerease in diversity in the tropics be related to



the large increase im carmivercus gastropod spacies as

suggested by Paine's hypothesis?




SITE DESCRIPTITIONS AND MITHODS

The loralities of the transerts are described in Table I, and
Figures 1 and 2 are pictures of four transects compavicg the general
topography. Costz Rica was chosen as the tropical study azvea beczuse
the tidal ranges there 2re similar to those in Oregom {cf. U.S. Dept.
of Commerce Tide Tables). The site in Mexico was picked to compare
the tropical vocky intertidal conmunities dn an area with a 1 m tidal
range with the Costa Ricen areas with a 3 m range. The Oregon
transects vere studied in the Spring snd Swmer of 1970, 1971, and

9 the Costa Rican transects im January and February of 1972; and

-2

2

st

the Mexican trausect in Jasvery, 1971,

TFour of the siz Oregon transects were made gt Cape Arago State
Park near Charleston, Oregon. Transects were dune is North, HMiddie,
and South Coves in order to sanple areas with different wave exposures
sud topographiss. The ether two transects were made on the north-
facing side of Cape Blanco which is approximately 13 miies porth of

Port Orford, CGregomn.

The transect in Mexico is ai Puerto Angelite, 2 small cove below
the airfield at Puerte Escondido in the state of Oaxaca. ost of the

rocky areas aleng this region of the Mexican coast consist of cliffs
dropping inte about 3 m of water so that it ia difficuit to find a

rocky imterridal ares with 2 horizoatal component.



LOCALITY

Cope Arago,

Oregon, U.5.A,

Cepe Blanco
ra

Puerto Escondido,
Caxacs, Mexice

Ylaya MHermosa,

Guanacaste,
Costa Rica

p
Oregon, U.S.A,

TABLE 1.
TIDAL
LATITUDE RANGE
43,320 2.1n
42.500 2,72m
186.25° 0. 8m
10. 500 2.7m

STUDY BITE DESCRIPLIONS

TRANSECT MAME
(ABDREVIATION)
North Cove (XC)

Middle Cove 1 (MC1)

Middle Cove 2 (MLC2)

South Love (50)
Cape Blanco 1 (LRI}

Cape Blanco 2 (C22)
Puerto Escondido (PE)

Playa Hewrmesa 1 {PH1)
Playa Hermosa 2 {PR2)

Playa lermosa 3 (PH3)

CENERAL DESCRIPTION

¢11fF with high
splash pool

ledze avea with
no loose boulders

boulder flald

bedrock with outcrops
and loose boulders

bedrock with outcrops
und loose boulders

bedrock with outcrops

and loose boulders

ledge area with largs
tide ponl and a few
loose boulders

bedroek with outcrops
and loose boulders

bedrock with outcrops
and loose boulders

bedrock with outdrops

ROCK
TIRPE

sadimantary

‘ slightly

metamorphle

basaltie

01



Sdmara,
Guanacaste,
Costa Rica

’
Quepos,
Puntarenas,

Cogta Rica

2.87°

9.450

2,7m

2, 5m

Id
famara

I
Samara

2
Samara

Québos

Quépoa

Q1)
(Q2)

R U R T e T SRR

£lat bedrock, outerops,
ond loose boulders

flat bedrock, cutcrops,
and much algal turf

flat bedrock with
outerops and tidepools

large bouldars

bedrock with cutcrops
and looge boulders

1
sliightly
metanorphl

basaltie

1" 1

4

T AT
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FIGURE 1. Photographs of the Oregonm tramsects at

North Cove (left) and Middle Cove 1 {right).







FIGURE 2. Photographe of the Costa Rican transects

at Quépﬁs 2 (top) and Samara 2 {bottom).
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Bl Cocy {Piavas del Coco}, fuonacaste, Tosta Rics, Hevmeosa 1 and
Hermosa 2 transects were made on the scuthern sids of the & 2y and
rihern side o sample differences in

Hermesa 3 on the more exposed

2]
bn

wave exposura. This area and Sdmara are in the v region of Costa
Rica. The village of Sdmarz is 3 kours by automobile towaxrd the coasg
from the town of Hicoya, Gnanacaste, Coste Rica. 4o extensive
intertidal £fizt is westly prote cneé by shallow rock reafs just offi-
shore. The three transacis here were plcked in aresas that diffeved

in topography and in protaction from waves by the reefs. The last

tvo transacts in Coetz Rica were done at Playa Manuel Antonio, & small

$

cove south of Quépos. Onepos L is on vhe southern side of the sove
snd GQuépes 2 on the northern. This pavtiecular region is very weg
with abundzant terrestrial vegetatlion,

Lt ezch locality 2 general arss was chocen that differcd fzom
the othey fravsect arzas in the immediste localiiy in terwms of wave

esposure and/or general topographic appearance. The base poiat for

ecach transect was dertermined in the following fashion: a point wa

i

marked at the high tide drifec line and the base polnt was placed &
number of meters (batween 0 and 50) chosen from a random aumbers %able
from this point parallel <o ¢ha high tide liue. If the peint picked
sitzd a line perpsundiculac o thez high tide line wnich crozsed tervaln

bin ¢liff), anoilher random tumber Was

]

ga
¥
]
o
o]
4]
tads
Ly
-
£]
ks
o]
';o
]
¥ ]
Sand
m
Labe)
s
L)

EJ
0
3

chogsn, 7The transect wos laved owi by straziching tauc o meivic tape

ivem the base point toward the water’s edge at low tide.



20 om inteyvals within sach

n
bt

The topegraphy was quantified

wager sampled along the tape dy using 2 surveving meyhod to deternine

(3

the height of the substratum In relzrion to a 0 m tide. The survering

.

method (Figure 3) consisted of a statdorvary {4) and a moving pbie (B).

The statiouary pole was marked with one flag 1 » frow the bottom of
the pole and ansther fiag 2 @ from the bottom, while the moving pele

was marked in 5 mm intervals from the bottem. Pole A was fized in the
lower dntertidal and pole B was placed on the substratum next to the
positicn on the tape at which a height reading was desired., VWha wcever
point on pole B that visually lined up with one of the £lags on pole
A& and the horizon {C) was the heisht reading (h) in en for that
asgition. When the tide had reached Liis lovest point for the day as
rmined from the U.S. Dept. of Commerce tide tebles, the height
of the base of the refercoce pois & z2bove the water level was directly
nessured and the height readings were corrected accordingly.

The accuracy of the height of the low tide is limited
stmospheris pressure, surf conditieons, and the accuracy of the tide
tables themesives. One major preblem with comparving tidal hedghts
batween {o98ta Rica ssnd Oregon is that @ m ¢ilde iz Mezan Lover Low
Water in Oregen, but it 4s based on Mean low Water Spring Tides In
Cnsta Rica. This means that the 0 m reference point ir Coszta Rics is
actually lower than the same point 1o Orezon. Tovograshic profiles
nade for the v z1s using chis method anpesar in Appendix L.

Castropeds, chitons (hercafter lumped under the term gastrepod),

and asteroids were sampled by placing 1 m? yuadrars across the Lransect



FIGURE 2.

Disgram of the intertidal heig

method. See text for details.
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line at arbitrarily set iotervals according to th@ length of the

o complete the work. For instance,

luid

transect acd the time available
South Cove was =szmpled for snimzls snd hedght messurements svery netar
along the transect lipe while &t Samsza 3 the dinterval was every 5 m,
Vithin each aquadrat all starfish and ensils, chiitong, and nudibranchs
wera counted. Vermetids and cctopuses, which occur im all the areas,
were ignored. Due to difficulties in differentiating the pumarous
smail Fosserius sp. from the similarly shaped and marked Littorina

agpera in Costa Rica, these spacies were lumped. Similarly, Acmaea

paradigitalis, which resembles A. digitaiis in Oregom, werz counted

as A. digitslis in the Orvegon transects. When Littorina spp. and

Acmavs 3pp. cccurred in high numbers, they were counted by randomly

placing six 10 ch quagrats within the 1 m guadrat and the density
er square melter was exivrapoliated from the average of these counts.

Although the positions of the species were also notad {under

rocks, on tep of rocks, etc.), it is important to remember that

l‘\h

(s}

£
r”

these pesitions were only for ide periods; the positions at high
gide for most tropical species are unknown to this author.

The prey ef the caypivorcus gestropods were determ@ned from
fieid obssrvatiors and by collecting individuals in the fielid, iso-
lating them in containers of sea water for up to 24 hrs, and then
examining fecal pellets for prey hard parts with a microscope. Poly—

chaates, gastropods, chitony, most sipunculids, sponge, and barnmacles

and other crustaceszns all have identifisble hazrd parts which are



The volume cf the gastropud and chiton spacies was estimated from
shell measurements of representetive individuzls collected by the
author (Appendices 4 aud 5). 7This is a crude estimate of biomass and

is only meant to provide a way of compaving relative, not average,

"

sizee of the various species. I predict that if the actual
of each species were used, the trends would be similzr to those found
using the speciez volume estimates.
Species diversity was measured by simple species nuwber, the
s
Shannon~Wiener Information Statistic (B' = wi{pjlagpp, where Py is the
a v C 2
propertion of the votal of the ith category and S 4s the total number
of categoriss {Pielou, 1966))., and H'VOLUME (using wvolume instead of
individuals dn the #' cquatidén (Wilbm, 1958)). Becawvs:z there is so
much controversy regarding what statistie is a valid mzasure of species
diversity and whethber any vf these statistics tell us anything
biologically useiuvl (Fager, 1%72; Sanders, 1363; Buribert, 1371), I

hen

ave chosen fo vefer primarily to the simple mvmber of speciss w
talking about species diversity in this paper. 4vother resson for
using the nusber of species is that there are some rara spacizs which
ave foupd regularly and which are importasnt bicleglically to the
community, but which are underempbasized using cother diversity statis~
tice (Piankz, 1%60).

The index suggestad by Whittaker {1960} to compare the simiiarity

croups 0f objects is used te compare the species makeup of pairs of

o
¥
7

3

trapsects. Thie index is defined as: I =1 - 0.5 (J; 8, ~ by ) where
i=a ”

is the proporidon of specias 1 of all species in transect A, by



the preoportien ix transect B, and g is the total number of species.
The iadex has a ?ain&Acf I.Q for complete similarity and Q,G for
complete dissimilarity,

The gastropod and chiten species ddentificacions {Appendices
2 and 3) were made using MolLesn {1562), Keen and Doty {1842), and Rice
(i871) for the (reson species and Keen {1971) for the Costa Ricen and
Mexican specles. Dr. James McLean at the Los Angeles County Museum
algo assisted me by identifying the turrids from Costa Rica and some

of the uncommon Cregon species.
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GASTROPOD COMMUNITY STRUCTURS COMPARISONS

The results of gastropod szpacies diversity, stundsnce, and
estimated voelume zppear in Table II and the herbivors—carnivere
relstionships for ithe different tramsects appeay in Teble III., Ouly
the transects in Cregon sud Costa Rica were compared statistically
since the Puerto Escondido tramsect was sampled using 2 mg instead of
i mz guadrzats and the tidal range and the spacies pool ave different.
from Costa Rica, The significantly lower similazity coesfficients
{Table IV} of the Mexico-Costa Rica comparisons cempared to those
oecurting amang {osts Rica—Coesta Rica groupings (£=3.088, P-(.GSQ
2 taii teé:) ge;t that the Sp&CleR‘paols ara éomewha& dliferﬁnt
probably bacause Costa Rica is several hundred miles south cof Puerte
Escondido, Mexico.

There is wmuch variation in ithe tetal number of species, indivi~
duals, and densities of gastropods among the different transects in
Cregon and Costa Rica; consequently, there is no sigaiiicant
difference btetween the temperate amd tropical transecks with respect
to these three variables (Table I1). Differences in specles diversity
s measured by ¥' are not significant either; however, the RFVOLIME

measure is significantly highezr in the Costa Rican transeets. This

use the large carnivores occurring in small numbers

Ty
b
¢
2

now have a greater contribution to the diversity statistic than the

numercus but smalleyr herbivore speciss. The reverse tread is fiue



TABLE I1. COMPARISON OF SPECIES DIVERSIIY, DENSITY, AND VOLUME OF GASTROPUDS AND CHITONS IN ZACH TRANSECT

OREGONM COBTA RICA | MEXICO
) Oragont
NCOOMCL O MC2 O RC CRIO.CB2 “PH1 PHZ " PH3 81 - '82 83 Q1 Q2 Costa Rlca PE
: Student’s t

Mumber of i .

Specles 13 18 28 35 19 22 27 28 15 A3 34 29 38 26 1.471 42
Total Number

of Individuals 486 1160 2400 9377 2711 1317 &?80_ 708 1363 1125 711 110D 642 166 1.177 701

Nuwber of m?

Quadrats ] 14 14 51 19 13 14 15 13 23 25 a2 14 9 a3
- Gastxoped Density . . ‘
per n? 61 83 17 188 123 140 341 47 105 49 28 34 46 18 1.105 18
Eatimated Totzl
Velume per m” 284 150 144 255 69 . 94 32 i¢ 12 15 8 13 25 13 4, 545%% 24
{ce) . '
H'l 1.28 1.52 1,26 1.53 1.06 1,63 1.23 2,25 0.83 1.71 2112 1,84 2.49 2,41 2,121 2,68
H’VC:LUMEl 0.66 1.14 1.37 1.80 1,61 1.70 2,15 2,05 1.58 2.17 2.44 1.93 2.352 2.08 4, 003%% 1.28

*P £.05, 2 tall test
*#*P £ ,01, 2 vall test

1 .
caleulaned wsing lcge




TABLE 11X,

Number of
Herbivorous
Species

Herbivore Propore
*ion of Total
Individuals

Rerbivore Propor-
tion of Total
Voluns

Number of
Carnivorous
Spacies

Caznivore Propor-
tion of Torzl
Todividuals

Carnivore Propor-
tion pf Ioia
Yolu=e

Herbivore spp. &0
Carnivore spp.
Ratie

COMPARISON

NG

0

294

+99

W

.06

’01

3.3

OF THE PROPORTION OF QERBIVOROUS AND CARNIVOROUS GASTROPODS AND CHITONS IN FACH TRARSECT

12

.97

.98

.03

.02

2.0

OREGON
MC2  8C
20 22
V07 .94
98 .95

5 14
03 .06
02 .04
2.5

1.6

cRl

12

1

i06

»09

1.7

CB2 P}
14 14
Ry
252 276
] 13
.03 » 07
+08 o 24
1.8 1.1
P <,053
*4hp €, 013

PH2

17

»63

59

11

$37

1,5

COSTA RICA

PH3

10

85

+49

.03

+51

2.0

1 kest
1 test

51

22

.83

+6]

u

.39

2,0

- 83

21

.67

N

13

»33

1%6

83

W46

16

54

Q1

20

.73

18

27

.36

1.1

Q2

212

.5?. !

13

228
0198

1.0

Orapons
Costa Rica
Student's t

0.49%

3.995%%

8.158%*

2,400%

8. 183%%

2.460%

MEXICO

PE

t"68

26

a2

0.8

NG
in




TARLE IV.

VALUES OF THE WHIITAKER

¥C
MC1

MC2

M
prm?
j 2
Yot

COMPOSITICH

GREGON
BC MC1 MC2 sC
.78 .05 .G9
.25 <27
.84

COSTA RICA & MEXICO

P2 PH3 81
.14 JH2 <21
Qﬁg 015

.18

OF TRANSECT PAIRS

.56

.26

.18

.14

Q2

.16

.29

<15



for the volume of gastropods zand chitens per square metar: the

«

temperate zone transects have higher values than those from Cesta

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

chitons and numerous, relatively large Tepgula funebralis found in

the QOragon transeéts.

Although there appears to be no statistical difference betwezen
the average number of species found in the Oregon and Costa Rican
transects, the species pool (total species) for Oregon (44) is much
smaller than that of the Costa Rica samples {75). If the Mexico
transect is included with Costa Rica, the joint speecies pool would
inerease to 956. Thus there is an increase in gastropod diversity
with docveasing latitude when large geographic areas are considered.

The carnivorous species form 417, 52%, and 31%Z among the Oregon,
Costa Rican, and Mexico-Costa Rican species peols respsctively. Oo
the basis of the sampling, there is no difference in the number of
herbivorous species hefween Oregon and Costa Rica, bufl there is a
significant difference im the number of carmivorous gastropod
species, with most of the Costa Rican transects having more carnivores
than most of the Oregon ohes (Table II1). The resulis for the
herbivore tw carnivore ratios also indicate this tremd. The
herbivores make vp a larger proportion of the number ¢f individual
gastyopeds and the volume in the temperate zone. The much larger
contviburion by the carnivores in (osta Rica to the volume of gastro-
poeds than to the number of jndividvals is dus to the fact that many

of thes earnivorous species are larger than carnivores occurring in



Oregon (cf, Keen, 1271),

The presence of wmore rare species in the troéicai tEransects dis
not firmly confirmed by these data. Most of the Costa Rican transects
have a larger {(although not significantly) percentage of species
unique to that transect and significantly lcwer percentages of ubigqui-
tous species {species ecceurring in all but one transect) than the
Oregon transects (Table V}.

If there are more rare species in Costa Rica, one would expect
to find that when comparing two tropical transects the number of
species not found in both would be higher than in a pair of Oregon
transects, Tnis was nmeasured by computing ccefficients of similarity
(Whittaker, 19260} between all paiis of tramsects (Table IV). The
Oregon transects have significantly higher similarities than the
Costa Rican gnes (&=2.665, P« .05, 2 tail test).

The case against more rare species occurring in the tropical
transects is supported by Table VI and Figure 4. Karr and Roth
{i971) defined 2 rare bird species as one whose individuals make up
less than 2% cof the community. Although this methed is probably
net useful for small populations becrmuse some species are super-
abundant , -it was applied to my data to see what would happen ( Table
VI}. There iz no significaat diffevence batween Oregon and Costa
Bica with regard to the percent of species comprising less than 27
of the toial individuals in each traasect (£=0.120, P>.05, Z tail
test) noy is there a difference in the percent of total individuals

made up of "rare" species (£=0.750, P> .03, Z tail test).



TABLE ¥. PROPOXTION COF UNIQUE AND URIQUITOUS (APPRARING IN ALL

TRANSECTS EXCEPT ONR) SPRCIES IN FaCH TRANSECT

Propertion of zpecies Proporticn of

Transect unigue to transect vbiquitous species
¥orth Cove .08 .09
Middie Cove 1 .06 .72
Middie Cove 2 .07 .50
Souéh Cove .12 42
Cape Blanco 1 .05 .79
Cape Blanco 2 .04 .64
Tlava Hermosa 1 .11 .30
Playa Hermesa 2 .11 .28
Plzya dermosa 3 .13 47
Samars I .13 .24
Sémara 2 .15 .21
Samara 3 .10 .17
Quépcs 1 .13 .23
Quipos 2 .08 .27

rzgon: Costa Rica

Student’s © 1.789 5.4619%

*P C,01; 2 tail test



TAELE VI, THE RELATI

4]

AEFHESS OF SPECIES IM OREGON AND COSTA
ECTS AS DEFINED BY KARR AND ROTH (1971)

JE RS
0T

3
RICAN TRANS

PROPORTICH OF SPECIES  PROPORTION OF THE

WITH LESS THdaN 27 TOTAL NUMBER OF
OF THE TOTAL NUMBER TADIVIDUALS THAT
TRANSECT OF INDIVIDUALS ARE RARE SPE(CIES
i .54 .02
Mcl .57 .06
MC2 .86 .09
sc | .89 Y
Rl ' .79 | .08
B2 68 .06
PHI .85 .05
PHZ .64 .09
PH3 .73 .02
s1 .79 .11
) .85 .18
53 .79 .06
Q1 .71 11

02 .65 .15
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The regression lines for the mumber of species represented by
one individual in a guadrat versug the total numbér of species in ;hat
gquadrat (Owegon: Y = 0.425X ~0.791; Costa Rica: Y = 0.430X - 0.245)
are pot significantiy different (£=0.103, 263 d.f., P3» .03, 2 tail
test). The results of this test also suggest that rare species ocaour
with <he szme freguency in both cases,

The major problem with defining a vare species from the data is
that the truly rare species may'not have been sampled. Also, owing
tc such high numbers of some herbiveorous snails like Littorimna spp.,
it is vexry easy for most snails which occur in small numbers but which
are freguently encountered to be less than 27 of the total individuals,
The similarity of transects would zlso be expected to be lowe:r im
Costa Rica than in Oregpn if the distribufions of some species were
patchy due to a specialization ou some resource which is itself
patchy.

Table VII shows that carnivores form the highest percentage of
the unigue species in both areas while herbivores are the most
ubiqguitous species., This may be in part due to the trophic pyramid
effect, i.e., that there are relatively fewer individual carnivores
compared to herbivores in a system because of energy losses from the

harbivore through the carnivore trophic levels.



TABLE VIX,

PROPORTION OF
HERBIVORES

PROPORTION OF
CARNIVORES

THE RELATIVE CONTRIBUTION OF HERBIVOROUS
LND CARNIVCROUS SYFCIES TO THE NUMBER OF
UNIGUE AND URIQUIT(OUS SPECIES

UNIQUE 3FECIES UBIQUITOUS SPECIES
OREGONM COSTA RICA OREGON = COSTA RICA

+38 .37 .73 .28

.62 63 .27 12
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SPFECIES DIVERSITY -AND PHYSICAL PARAMETER RﬁLATIGNSHI?S

Previcus studies om birds and lizards suggeszt that for some
communities certain physical parameters can be used to predict species
diversity; iherefore the relationship of species diversity to various
physical parameters measured for the rocky intertidal transects was
examined. The parawmeters used in this study are: wave exposure, the
proportion of sample quadrats in the mid and low intertidal zomne, the
latitude of the transect, the proportion of sample quadrats containing
the vndersides of rocks as habitats, and two measures of topographic
relief {Tadble VIII}.

The degree of exposure of an intzrtidsl area to wave shock is
important in determining what kinds of organisms occur there (Lewisg,
1964 ; Ricketts, Csivin, and Hedgpeth, 1968); therefore I made
gualitative estimates of wave exrosure for each transect. The resul-
ting ranks {1 veceives the lowest wave shock relative to the other
transects; 5 the highest) appear in Table VIIL. The surf was calm
at all the Costa Rican sites during these studies so I had less of an
idea of relative exposvre there than at Oregon.

The less time 2n arez is uncovered by the water, the less time

itz is exvosed to the drving effscts of the sun and alr and the lass

]}
o

fl

chance there iz of exposure to fresh water. TFor these reasoms there
should be wmor2 species in the mid avd low intertidal zones which arve

uncovered less frequently than the high zeone (Ricketts, Calwin, and



TRANSECTS

¥exrth Cove
Middle Cova 1
Middle Cove 2
South Cove
Capa Blanco 1

Cape Blanco 2

Playa iermocsa
Playa Hermosa
Pilaya Hermosa
Sauara 1

Samara

WM

Samara

Quépos

o

Quepos

Fs

TABLE VIII.

WAVE
EXPOSURE

3
4
2
2

L~

E S O oo T o T T - S L P

PROPORTION OF
OUADRATS TN
M1D AND LOW

ZONE

1.00

« 94

SUMMARY
FOR THE

OF THE PHYSICAL PARAMETER MEASUREMENTS
OREGON AND COSTA RICAN TRANSECTS

LATITUDE

PROPORTION OF
QUADRATS WITH
NDERSIDES
OF ROCKS

.00
.14

.50
.40
.08
.35
.60
.19
.79

I67

PROPORTION OF

POSSIBLE CHANGES

IN SLOPE DIRECTION
» 34
W23
+55

47
.60
.50

.58
.63
.52
42

H'RELIEF

1.76
1.85
1.95
1.61
1,76
1.50

1.63
1.26
1.01
1.06
1.08
0.60
1.92
1.88
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Hedgpeth, 1968), The mere of the total arsa of a transect that is in
these zoncs, the more species there could be bcC&éS“ of the increasad
arca for habitation receiving fewer physical streszes. Figures 4 and
5 show that theve is a significaut negatvive relationship (P .05)
between the pumber of gastropod species and intertidal height.

The separation height between high and mid intertidal for Oregon

was taken as 174 cm based on C.M. Yonge's method of zoration (Ricketts,

f)

Calvin, and Hedgpeth, 1968) for California. Since the tropical
iutertidal areas arve not as wall studied and the tidal level reference
point is different from that in Oregon, the upper height for the mid
inteytidal in Costa Rica was based on gastropod species assemblages.

Tre assemblage of gastropod species coumonly cccurring in the

o)

ppper intertidal zenme in Oregon was derived from Ricketts, Calvin,

-

and Hedgpreth (1968), The spaciles comprising the high intertidal

assewblane ave Littorina scutulata, Acmaea digitalis, A. pelta, and

Thais omarginata. The Cregon suails living in the lcwer high and

te)

upprer wmid lotertidal zones include: Acmaea scutum, Tegula funebralis,

znd Thais lamelloss. The Costa Rican gastropod species that I feel
corvespond teo the high intertidal Oregon species include: Littoring

aspera, Narita geabricosta, and Pavpura patula; those in the high and

2

apper mid dntertidal would be Littorina modesta, Nerita funiculata,

Planaxis spp., Tegula pellisserpentis, and Acanthiaz brevidentata.

The high-mid intertidal juncricn point in Costa Rica was
determined as the lowest height veading (320 cm) in the quadrats

vontaeining ocnly these gastropoed specizs coryeasponding te the high and



FIGURE 4. The relationship between height in the intertidsl
and species number for Oregon transects. The

regression equation is: ¥ = -20,10X + 241.40.
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FIGURE 5. The relatlonship between height in the intertidal
gnd species number for Costa Riecan trangsects. The

regression equation is: Y = -6.10X + 76.90.
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upper mid intertidal species assemblage. Quepos 1 was not included in
any calculations involving this parameter since most of the intertidal

helght measurements occurved on the tops of large bouldérs. This

3

means that the average recerded heights of the individual quadrsts,

are much higher than the actusl intertidal height encompassed by each
quadrat,

The number'of individuals in quadrats frowm variocus heights ia the
intertidal zone are plotted in Figures 6 and 7. The quadrats with
the highar number of individuals ocecur in the mid tide zZone and the
curve tapers off 2t both ends. The highest numbers of individuals

per quadrat are due to the high numbers of Littorima spp. in the upper

Latitude was incliuded as a variable since it could include scme
parametars that are different in the tropics compared to the temperate
zoné, but which were not measured in this study. Factors liike the
amount of primary productivity, the year-round dependability of food
availabiiity, tha length of the geologic time paricd without wajor
physical catastrophes, and immigration rates could be larger or smaller
in the treopice comparved to the temperate zone) these could be encom~
passed by the lanitude parameter.

Topngraphic features ave important ¢o intertidal organisms since
exposure to wave shock and desiceatiou can be affected by the nature
of the topographic relief such as crevices which provide shade,
depressions for tide peols, and boulders te bresak the force of the

waves. One adght prodicys that an area with an extremely varied



FIGURE 6,

The relationship between the number of individuals
in a gquadrat and the average height of the quadrat

for the Oregon transects.
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FIGURE 7.

The relationship between Che number of {adividuals
in a2 quadrat and the average height of the quadrat

. . s
for the Costa Rican tranmsects excluding Quepos 1.

o~



NUMBER OF INDIVIDUALS PER QUADRAT

1100 &
1050 e
1000 ==
950
900 e

850 =

800 ..
+750 o

726G 0s

" 650 g

60C o

.550 oy

500 =

450

400 o=

350 o=

300

250 o,

44

AVERAGE QUADRAT HEIGHT (CM)



topoegraphy might support a larger species diversity than a flat area,
other things being egqual, since a grzater variety cf micvohabirats

would exist, each differing in the amount of exposure te waves and

Three different measures eof topographic complexity were deter-—
mined for the transects: the availability of undersides of rocks,

) Y

boulders, or ledges; the proporiion of times the topographic relief
reversed in sleope direction; and the differénce in heights between
congecutive height readings along the fransect lines.

The aveilebility of undersides of rocks, boulders, or ledges
increases the topographic complexity of an ayea and provides

microhshitates that are more nrotected from-desicoation and vave

shock than areas with just bedrock.. A sigpificantly higher number

0

f species, but not of individusls, are found in gquadrats with this
feature {Table IX) in both Oregon and Costa Rican tramsects. For

these features

%
)_.

this reason the proportion of sampled quadrats
availsble as a gastropod refuge was computed for sach tramsect
(Table VIiL).

Topographic relief was quantified for each transect by using the
intertidal height data taken at 20 em intervals along the transect.
These data wave broken into two components: 1} the prepertion of
times that a change in dirvection of the slope of the transect line
oceurred between two conszecutive dats points and 2) the absolute

.

dificrence betwesen comssculive helght veadings.



TABLE IX.

AREA
OREGOMN

COSTA RICA

AREA
QREGCH

COSTA RICA

TEE AVERAGE NUMBER OF SFECIES AND INDIVIDUALS FOUND IN
QUADRATS WITH AND WITHOUT TUHE UNDERSIDES OF ROCKS AVAILABLE

AS HARITALTS TOR GASTROPODS, '

CATEGORY IS5 IN PARENTHESES.

AVIRAGE NUMBER

OF SPECIES IN

QUADRATS WiTH
AVAILABLE UWDERSIDES
OF ROCKS AND LEDGES

7.64 (55)

3.73 (60)

AVERAGE NUMBER
OF INDIVIDUALS IN
QUADRATS WITH
AVATLABLE UNDERSIDES
OF ROCKS AND LEDGES

167.10 (55

42.90 (60)

AVERAGE NIMBET

OF SPECIES IN
. QUADRATS WITHOUT
AVATLABLE UNDERSIDES
‘OF ROCKS AND LEDGES

5.27 (53)

3.26 (85)

: AVERAGE NUMBER
OF INDIVIDUALS TN
QUADKATS WITEOUT
AVAILABPLE UNDERSIDES
- 0F ROCKS AND LEDGES

139.90 (63)

94.4 (85)

*gignificant P<£.01; 2 taill test

THE NUMBER OF QUADRATS IN EACH

STUDENT'S
4,256%

5.750%
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Component 1 provides an estimate of how often the topography
changes since a flat or steadily sloping area would have a lover

varied topography where the

a

proportion of changes than found along
slope would chiange from positive to negative and‘vice-versa many
times,

Component 2 was determined because knowing the prcportion of
times a change in slope occurs doesn’t indicate the magnitude of the
change. Categories were set up of 5 cm incremeﬁts (0.6-4.9 cm,
5.0-9.9 cm, 10.0-~14.9 cm, ete.) and H' (herzafter called #H'RELIEF)
was cslculated for each transect with each 5 cm growp as in ith
class and the number of times that a difference of that magnitude
cecurred divided by thé toital awibeér of height differences recorded
as ps. A flat topegraphy would have a low H'RELIEF since mest of
the differences in height readings would be in the 0,0~4.9 om
category. The wvalues of these two measures for each transect
appear in Table VIII,

In order ic assess which of thesez physical parameters might be
nore important in predicting diversity, a step-wise multiple
regression was performed usiog the computer program EMDO2R (Dixen,
1968} . This program enters that independent variable {(physical
paraweter) inte the regression equation which makes the greatest
reduction in the error sum of squares, has the highest partial
correlation with the dependent variable {species diversity), and has
the highest 7 value at each step (Dixon, 1968; Vuilleumier, 1970).

It is probably unwise to make too much ef the resulis of this
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tachnique sipce the sample size is low a2nd since wave exposure cannot
. be adequately quantified, Also pete that Quéﬁos i-was pot dncluded
owing to the previously mentioned problems of accurate intertidal
height measurements for this tramnsect,

Table X shows the results using the 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 higher t value than with untransformed data. This combination of
physical factors explains 92.6%Z of the variation in the nuwber of
species found in the different transects., The three most important
parameters {determined by significant F values) in order of importance
2re:’ wave cxposare, the proporricn of samples in the wmid and low
intertidal zones, and the H' measure of topographic relief. The
number of species has a2 negative relationship with wave exposure
and positive relationsbips with the two cther significant parameters.

The same progedure was used to analyze the variation in H' and
HVOLUME using the physidéal parsmeters. The resulte for the muitiple
regression are presented in Tables XI and XII. The only significant
physical parameter ithat might be useful in predicting species
diversity as measured by H' is the proportion of a sample that is in
the mid and low intertidal zones; this Is a positive relationship,

The most important (significant) parameters inm relation to the
HIVOLUME statistic of diversity are the proportion of quadrats with
the undersides of bouldoys or ledges available for utilization

{positive relation}, the latitude of the tramsect (negative relation},



TaBLE X. RESULTS OF THE STEP~WISE MULTIPLE REGRESSION OF THE NATURAL
LOG OF THE NUMBER OF GASTROPOD BPECILES ON THE PHYSICAL VARIABLES

SICN OF THE

INDEPENDENT ’ : ' : REGRESSION
PHYSICAL CONTRIBUTION Fo ORDER ENTERED EQUATION
VARIABLE © T0 R © - VALUE.  INTO REGRESSION COEFFICIENT

YAVE EXPOSUKE . 0.6982 25, 4507%% 1 NEGATIVE

LOGEPROPORTION OF QUADRATS

IN MID AND LOW ZONES 10,1131 5.9984% 2 TOSITIVE
LOG, LATITUDE : 0.0350 - 3.7530 4 NEGATIVE
L.0G, PROPORTION OF QUADRATS _ toc low to -

" WITH UNDERSIDES OF ROGKS 0.0000 be included - -

PROPCRTION OF POSSIBLE

CHANGES IN SLOPE DIRECTION  0.0006 . 0.0542 5 POSITIVE
H'RELIEF 0.0792 £.5116% 3 POSITIVE
TOTAL VARIATION EXPLAINED 52.62

REGRESSION EQUATION: Jog number of species= 1.400~0. 17 (waves)+0. 1;40(103 mid- 1ow)
0.%00(10g, laritude)+0. .002 (s10pe)+0.386 (H'RELIET)

% signiflcany P« .03 #k }\ighly signifipen:s P<L,01

g%
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TABLE XI, RESULTS OF THE STEP-WISE MULTIPLE REGRESSION OF THE NATURAL
1OG OF THE B' MBASURES OF DIVERSITY ON THE PHYSICAL VARIABLES

. v . .~ SIGN OF THE
INDEPENDENT ’ ' REGRESSION

FHYSICAL ' CONTRTBU%ION-. R DRDER ENTERED EQUATION
VARIABLE . 0 Re ~ VAYLUE INTO REGRESSION COEFFICIENT
WAVE EXPOSURE ' 0,.0486 0.7609 4 ' NEGATIVE

PROPORTION QF QUADRATS

IN M1D AND LOW ZONES 0.3210 '-lf 5,1996% b POSITIVE
LATITUDE ‘ 0.0377 . - 0.5375 2 NECATIVE

»

PROPORTION OF QUADRATS .
WITH UNDERSIDES OF ROCKS 9,0455 0,6849 5 NEGATIVE

PROPORTTON OF POSSIBLE

CHANGES TN SLOPE DIRECTION  0,0380  0.5337 6 POSITIVE
H'RELIEF 0.0818 . 1.3155 3 . POSTTIVE
TOTAL VARIATION EXPLATNED 57.3%

REGRESSTON EQUATION: logg H' = ~0,560~0.240(log, waves)+0.014 (mid-Low)=-0.204 {log, latitude)

~0,009 (undersides)+0.021 {slope)+1.124 {log, H'RELIEF)

* gignificant P<.05 &% hishly significant P<.D1

0%




TARLE ¥il. RESULTS OF THE uTEB-WISE MULTIPLE REGRESSION OF THE NATURAL
L0G OF THE H'VOLUME DIVERSITY MEASURES OX THE PHYSICAL VARIABLES

SIGN OF THE

INDEPENDENT ‘ . REGRESSION

PIYSICAL CONTRIBUTION "F - ORDER ENTERED EQUATION

VARTABLE . .m0 n VALUE'  INTO REGRESSION  COEFFICIENT
WAVE EXDOSURE 0.0000 - Fe° Jow to - -

be included

PROPORTION OF QUADRATS

IN MID AND LOW ZONES - 0,0365 4,4557% 3 POSITIVE
LATITUDE ©'0.2386 21.8158% 2 NEGATIVE

e PROPORTION OF QUADRATS

WITH UKDERSIDES OF RGCKS  D0.6510 20,5217%% 1 POSITIVE

PROPORTION OF POSSIBLE

CEANGES I SLOPE DIRECTION  D.0026. 0.289% . - A NEGATIVE
H’RELIEF D.000 - 0,0965 5 POSITIVE
TOTAL VARTATION EXPLAINED 93,02

REGRESSION EQUATION: logy H'VOLUME = -0.765-0.000(waves)+0,353(log, mid-low)
~0.0i0({latitude)+0.055{log, undersides) -0.003(slope) -
+0.,040 (H"RELIEF)

* plgnificant P<.05 ** highly significant P <.01

Ig



and the proportion of quadrats in the mid and low intertidal

Lt}

(p@siti@e relation). These ihvesc parameters expléin G2.6% of the
variation in H'VOLUME while zll six parameters tegether explain 93.0%
{Table XII).

The high B'VOLUME values in Costa Rica (Tsble II) which result
in the negative relationship of H'VOLUME species diversity with
latitude are dus to the fact that the low latitude Costa Rican tram-
gects have significantly higher species vichness and evemmess conpoe
nents of the HIVOLUME sta;istic than the Oregon transects {(Table XIT1I).
Becaus2 the volume ¢f the indlividual species is more evenly distributed
among all the species rather than a few species having all the voliume,
.as 3n Oregon, the ovenness compenentz-ave hicher which csuses the
EYY0LIIE stat stics to be larger. The reaszon for the different .
valLueq of spails wmay have something té do with differences in
preductivity between Costa Rican aund Orepgon intertidai areas.

In the same mznner the density per square meter and the volume
per square matar of gastrepouds wore antered as dependent variables om
the physical facters {Tables X1V and XV). Density has no significant

relatinn to any of the physical prvaseters, This may not be surpris-

ing since the density figuraes for any traunsect ave largely dependent
on whethsr Littorlina spp. were encountered In the quadrais sinece they

have deusities so wmuch higher than any other specias {(Appendices 2
and 3},

The veluma por cguavs mater {en estiwate of biomass) is highly



COMPUNENTS OF H'VOLUME SPECIES DIVERSITY, EVERNESS
IS H'VOLUME/LOG, S AND RICHNESS I8 (S*l);*LC’GQ i,
WHERE 8 1S THE TOTAL NUMBER OF SPECIES &4XDr & 78 THE
TOTAL VOLUME IX BACE TRAMSECT.

TRANSECT EVENNESS  RICHNESS
HE 0.053 G.259
#Cl 0.395 2.221
MC2 6.410 3.548
sC 0.448 3.6%4
CB1 0.547 2.506
CB2 . 0.552 2.956
AVERAGE 0.401 2.531
PH1 0.653 4,257
PH2 0.615 4.787
PH3 0.582 2.771
s1 0.621 5.478 |
82 . 0.692 - -6:188 - -
83 0.572 4,621
QL 0.694 . 6.276
Q2 0.631 5.280
AVERAGE 0.632 . 4.957
STUDENT'S ¢  3.0289% 3.7249%%

% giganificant P<.05; 2 tail test
%% gignificant PL.01; 2 tail test
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TABLE X1V, RESULTS OF THE STEP-WISE MULTIPLE RECRESSION CF THE NATURAL
LOG OF THE DENSITY OF GASTROPODS ON THE PHYSICAL VARIABLES

. . SIGN OF THE
- INDEPENDERT

. REGRESSION
PUYSTICAL CONTRIBUION  * -F .-  ORDER ENTERED FQUATION
VARIABLE T R _ YALUE. _ - INTO REGRESSION  CORFFICIENT

WAVE EXPOSURE < 0.0000 . - tov low to - L.

: ) te included

PROPORTION OF QUADRATS

IN MID AND LOW ZONES 0,0227 . 0.3164 . 2 . NEGATIVE

LATITUDE 0.2606  3.8771 1 POSTLIVE

PROPORTION GF QWADRATS | _

WITH UNPERSIDES OF ROGKS 8.0295 0.3767 4 FOSTTIVE

PROPORTION OF POSSTBLE >

CHANCES IN SLOPE DIRECTION  0.0589 .  0.8213 3 POSITIVE

H'RELIEF .0.0139 0.1359 5 NEGATIVE

TOTAL VARIATION EXFLAINED 38.0%

RECRESSION EQUATION: log, density = 3.648+0,000{log, waves)~0.022(mid=low)
4+0.672{1loge latitude)+G.016 (indersldes)+0,.010{slope)
~0.616 (i’ RELIEF)

* significant ¥4 ,05 &% highly significan: P<.01"

75




TABLE XY. RESULTS OF THE STEP-WISE MULTIPLE REGRESSION OF THE NATURAL
LOG OF THE VOLUME OF GASTROPODS PER SQUARE METER ON THE
PHYSICAL VARIABLES

. . SIGN OF THE
INDEPENDENY PEGRESSION

PHYSICAL CONTRIBUTION ¥ . ORDER ENTERED EQUATTON
VARTABLE : . .T0 R VALUL INTO REGRESSION COEFFICIENT
106, WAVE EXPOSURE 0.0171 1.8490 4 NEGATIVE

L0G, TROPORTION OF QUADRATS '
IN MID AND LOW ZONES 0.0035 - - 0.3219 ’ 6 NEGATIVE

L0Gs LATITUDE : 0.8860 85,5179k 1 ~ POSITIVE

10G, PROPORTION OF QUADRATS .
WITH UNDERSIDES OF ROCKS . 0.0140 - 1.4005 2 NEGATIVE

LOGp PRCPORTION OF POSSIBLE

CHANGES IN SLOPE DIRECTION  0.0027. D.2635 5 - POSITIVE
H'RELIEF 0.0089 0.8835 3 POSITIVE

TOTAL VARTATION EXPLAINED 93.2%

REGRESSTION EQUATION: log, volume = =2.565-0.391(lng, waves)-0.434{loge mid-low)
+1.411(loge latitude)=0.391{logs vndersides)+0,.8%4(loga slope)
+0,740 (1 RELIEF)

* significant P < .03 A% highly significant P <,01 L
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relatiouship is certainiy a result of the large sized herbivores
found in Oregon such as the chiitosns. .

There is a danger in determining the relationships of these
physicai parameters individually with the diversity and volume
measures since ome physical variable may be influenced by ancther-
varigble., 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 varisble may change in

sign and/er the significance of the relatrion. This happens with

H'RELIEF. Vhen correlated alone with the number of species, H'RELIEF

-

“has an ¥=~0,120, but in the stepwise regression the partial dorrvelabion”

is +0.648.
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CARNIVOROUS GASTROPOD FOOD LMD HABITAT PREFERENCES

Jot
(&3

Since the majoricy of the tropical transects do have wore specias
than any éf the Oregon transects oxcept Scouth Cove, the Costa Rican
speries poocl is highex than Oregem’s, and there ig a significant
increase in the number of carnivsrqus_gastropod species in the
tropical aveas, the tropical comwmnities must som@hc? accommodats
snzil speciles differsntiy than temperate communitries. In order ¢o
investigate this increased species packing, thabdivisions of the
avaiizble foad resources and imtertidal habiters {as relsted to
height abnve 0 m tide} ware examined fovr carnivorcus snalle, which
show the biggest increacse in spocies diﬁei ity with decreasing la
latizude.

The pray preferences of the carpivorous gastropods found in
Oregon snd Coesia Rican tramsects are_presented ig Table XVI ampd 3IVIT,

-

The zange of prey items that can be eaten by a species and the number

¢i feeding observations appear in Appendices 6 and 7. The preference
for a particuliar prey was determined from individuzal feeding obsewva~

tions as fcllows: 1If 757 of the cbservarlonz wera In one pray

b

category, the snall preferred this prey; if less than 75Z of the
ohgervatrions were iu one category, the Iwo most compon prey types
consumed were considered as being preferved; 1f the two uost cowmmon
prey groups vere invilwved 1n less than 70% of the feeding ebsevvations,

highest preferrved prey was Included.



FOR CARNIVOROUS
TRAMSECTS

CATEGORY PREFERENCES

TABLE XVi. ER!
& OPODS AMD CHITONS 1IN CREGON

B
ASTHO

CASTROLCD AND
CHITUN SPECIES.

COELENTERATES

" BPUNCGE
SIPUNCULIDS

Epitonium tinctum

Opalia chacei

Yelutina Jaevigate X

Ocenebra interfossa

Ocencbya lurida

Thais canaliculata

Ty T e 2 $ a
e emaz
Thales emargiiata

Thais lamellosa

Searlesia dira

Amshicsa eolunbiana

Mitrellz carinata

Arohidoris montereyensis X

e

sanciegeysis £

raletra X

Dizviuia

Hermicsenda crzssicornis X

POLYCHAETES

EL I

=

b

LIVE, MO3ILE
CRUSTACEANS
BARNACL
BIVALVES
GASTROPUDS
BRYODZOANS

b
54

S

ECHINODERMS

X

PARASITIC

v

DEAD
ORCANISMS

x

M



FPREY CATEGORY PRE!

TABLE XVII. g
GASTROFQDS FOUND I

SRENCES FOR CARNIVORCUS
N CCS8TA RICAM TRANSECTS

wn

GASTROPOD SPECIES

Cvprasa cervinetta

Bursa caeclata

Aspells pyramidalis

Muricanthus caliidinus

Acanthina brevidentata

Mornla ferruginosa

Rurpur

ansa

4
Thais biserialis

Thaig melones

Thais speciosa

Teais

triancularis

SPONGE

I

Cantharus sanguinolentus

Engina maura

Engina pulchra

Fngina tabogaensis

Columbellidae, 9 spp.

Leuccozonia cerata

Opeatostoma pssudodon

Mitra lens
Mitra

Conus gladiacor

Conus Pux

Conus

Conue

Turridae, 5 spp.
Cdostomiz si.

Aecolid nndibranch

o
<X
&~

£

COELENTERA

STPUNCULIDS

POLYCHARTES

MM MK

b

4

4

LIVE, MOBILE
CRUSTACEANS

BARNACLES

b

X

(L

b

£
&

GASTROPODS
BRYOZOANS
ECHINODERMS
TUNICATES

I

FI81
PARA

s
b

>

DEAD
ORGANT

M3

&
8

X
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From the summary Table FVIII iz can bz szen that there are

-

threefeld increcases in the nuwber of gastropos

spéci ez praferring
pelychaets aﬁd gastropod proy in Oosta Rica compared to Oregon. Two
food categories, sipunculid and fish, not wcilizeéd by the Oregon
gastropods are exploited by trepical spails.

There is also a large increase in the nuwber of gnails preferring
dead material in the troplcs, duzs mainly to the pumerous species of
Columbellidae. Not enough work has been done te determine 1if =211
columbelliids prefer dead material since it dis Qifficult to know in
nest cases whether the prey an inddividual columbelldd ate, or was
found in the process of eating, was dead or injured to start with.
1t is ecertain that most of the columbellid species are abtrzcted to
dead andfocr injured prey {Marcus and Marcus, 1962; Spight, pers.
coman. , Miller, pers. obs.). HMembers of thz genus Columbella probably
eat primarily plant materiasl {(Marcus and Marcus, 1962; pers. obs.).

All the carnivorous prosobranch gastropods that have been

reported from the Oregon rocky intertidal zone (Reen and Doty, 1942}

except Thais lima, Odostomin sp. {found cutside the transect areas)
and Tusiiviton oregonensis {primarily subtidal but marginally inter—

tidal) were found iu the temperate transects. There are several
gpecies of nudibranchs which deo cceur inftertidally that were not
found {i the transects. 1If thess missing zperies were included in
the sumnary fooa preference table, there wouid he an Increase in the

tunicste, brycezoan, and sponge

]
in
Peb
m
e
T
o
=
i)
End
&l
@

nuuwber of spenies dn the o

7,

cavegorics causad by the nudibranchs, and the parasitic znd echinedérm



TABLE XVIII. SUMMARY OF THE PREY PREFERENCE CATEGORIES FOR THE CARNIVOROUS
GASTROPOD AND CHITON BSPECIES FOUND IN THE OREGONM, COSTA RICAN
AND MEXTCAN TRANSECTS. * SPECIES EXIST BUT WERE NOT IOUND TN

" THE TRANSECTS: REFER TO THE TEXT FOR AN EXPLANATION.

v
S 2 B ooz o 3
53 EE8 8,8 8288 8
o g €8 9 B & 3 &8 ¢ B
MooE R g 8 =5 g g 2 g k<
o 23] % £ nE =4 o £t ) =i ! |
= e Moomw E AR - R = - -
5 B B 2 B2 ¥4 B 2 B 8 g g &
AREA w0 owm A 0 83 B 8 B R OB OB A
OREGON 3 2 0 4 1 5 3 1 1 0 1 0 2
cosTARrRICA 1 1 2 13 o0 7 3 4 0 1 1 1 1
MEXICO 2 0% 1 8 o* 8 1 4 0 0% 2 1 1
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categories woald have ons more gpecles =ach due to Odostomia sp. and

Fusitriten oregonensis (Eaten, 1971}, respectively, 1 would predict

that Thais lima feeds on barnacles acd mussels.
All the catggories of prey excepr these for fish and live, mobile
crustaceans woenld show on increase in svecies sumbars if intsvtddal
gastropods not found in the Cests Rican and Mexicen transects, but
¥nown te oscur there, were inzluded. Tor instance, the one species of
Cymatium found Im the Mexico transect also occurs in Costa Rica and

zats gastropoeds; Purpura columeliaris, feeding on barnacies and

gastropods (Miller, pexs. obs.}, cccurs inm the high intertidal zone
like P. patula but in diffeven: habitats; three different species of
the versivereus cones and turrids were encountered outcidc the

transects; Vasum caestus, which eats polychaectes and sipunculilds

(Miller, pers. obs.), is essentially subtidal but can be found at
extremely low tides, and more species of nudibranchs should occur
intertidally {Keen, 1271) which should cause increases in the bryozean,

sponge, and coelenterate categories. The chiton Flacighorella

blainvillii, which probakly eats iive, moblle crustaceans as does
F. valata, in zagan; was not found; but it does occur in Panawna
(Kean, 1971). The differences between temperate and treopical areas
in the number c¢f speciss irn each feeding category would be more
Aramatic if all carnivorous species occurring in the Costa Rican
rocey iutortidal zone were included.

It sheuld also be mentionaed that two species of starfish; Pisaster

ocliraceus aad Leptzsverias hexactls, commonly cccur in the temperate
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zZone Lranseqis {Appendix 23 and they fsed on some of the same food
categeries as some of the gastropod specles, s wall as esting
gastrepods (Palns, 13589 ; Menge, 1972: Niesen, 1973). At Cape Arage
State Park where this study vas dons, Hiesen {1973) found thatr 83%

of the 2,114 observations of Leptasterizs hexactis feeding he nade

were on barnacles, 157 on gastrepods, 4% on the polychaete Spilre: §_§

-

sp., and 37 on bivalves and cother prey. Niesen and I concur thar
L. hexactis less than 1 om in diameter feed almost exclusiveiy on

§Egggg§i§ sp.; beth Awmphissa colwrhiana and Ocensbrz lurida alsc prey

on this abundant serpulid. Pisaster ochraceus prefers mussels and

barnacles but alsc eats gastropods {Feder, 195%; Paine, 1969} and
thus overlaps with the diets of several gastropods. The Coste Lican
interztidal areas exaswined dn thisz study were devoid of starfish
" although 2 barnacle specisliist, Hellastexr sp., Qccﬁrs in the high
intertidal at Puerto Escondido, HMexico.

Anpther problem in defining food cheices for gastropods cecurs
with apecies that appear o be indiscriminzte grazers. Members of the
herbivercus genus Calllostoma have besn observed consuming hydroids at

Fridey Harbor, Washington (Spizhi, pers. comm.), and living coral

{Miller, pevs. obs. in Jamaical, but I feel that Callicstoma ligatum
found In Oregeon is basically an herblvore since its fecal pellets

eontain rzestly pleot material, and hydroids ave not common enough to

be a fecd source. On the other hand, the cowries {(Cypraea) have been

und o eat sponpe rod tunicztas (Willer, pers. obs. in Califownia,



Hawail, and Costa Rica) and algase (Fay, 19603 ﬁ:llaz, ners. obs. j.

Cypraes cexvipetta In Costa Rica is primarily a cainivorg. I feund -

some individuals op sponge and tunicztes; fecal pellets fxom other
individuals contained sponge spleules. Carefyl studies wiil have to
be made on the feeding habits and digestive snzymes present to decide
whether gastropods like Calliostoma spp. and Cypraea £pp. and the
polyplacophorans {chitens) are indiscriminate omnivores capable of
digesting both plant and animal material or whether some specles are
strict carnivores end others herbivores.

Looking at the range of prey of the carmivorous species examined
(4ppendices 6 and 7}, it is apparent that there is overlap among spe-
cies, 1If food partitioning 4ce$ﬁ‘t appear to be cmough to separate the
carnivorous species ecolegically, perhaps habitat partitioning is.
The intertidal height renge of the populations of the carnivorous
species is the one gross habitet dimension that I will congider, since
1% would not be accurate fo describe microhabitar substratum prefer-
ences based only op the low tide observations that I made.s This
dimension was measursd by averaging the six height readings for

-each quadrat in whifh the snail specles were found and recording the
Caverans, two standard deviations sbove snd below the average, and
the range of haighrs ix Figuves 8, 9, ond 10. TFor macy snails enly
a few individuals were fouwnd, 56 Li 10 hayd o determine the trus

intertical

w

wight range, Some specied have the bulk of thedir
popularvions in the subiddsl zoone 80 the [ow individuals of these

gpecias evcounterad probably weoprasént tha upper range of the



FPIGURE 8.

‘mean; The dots represent tha extremes of the range in &

Intertidal height ranges for Oregon taranivordus gastropods

and chitone. The rectangle encioses =2 s.d. from the

trangects. The number of gquadrats in which each speciles

was found follows the species pame. .The number of

individuals of each species found is in parentheses.
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FIGURE 9.

Intertidal height ranges for Costa Rican carnivorous

. i
gastropods excluding those fousdd inm Quepos 1. The

rectangie encloses & 2 s.d. fxom the mean. The dots

" represent the extrames of the range in wy transects.

The number of quadrats im which each species was
found follows the species name. The number of

individuals of each species found is in parentheses,
3
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1 } ey ? THALS MELONES .74 (296)
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e STTEETE ANACHIS FLUCTUATA 27 (176)
> S e ANACHIS LANTICENOSA 11 (327)
- j ANACHIS PARDALIS 3 {320)

‘} ANACHIS PYGMARA 1 (21
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FIGURE 10.

Intertidal height ranges for Costa Rican carnivorous

gastropods excluding those found in Quépas 1. The

rectangle encloses % 2 s.d., frow the mean. The dots

represent the extremes of the range in my transects.
The number of gquadrats in which each species was
found follows the species neme. The number cf

individuals of each species found is ir parentheses.
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poprlation or are refugee individueais. Some of the tropical species
populations have patchy dispributiosns so that, fa% this reason too,
the intertidal height ranges recorded for species with only & few
individuals are nor o be considered complete ranges.

One major misrepresentation ef imtertidal range due to low -

vunbers of obzervations ds that for Thais canalicuizta in Fiprre 9.

This species is comsistently found just below the bulk of the Thais
emarginata populations where they cceur together {Daytcn,.197l;
Miller, pers. obs.}. The reason this did not show uwp in this figure
ie that ope transect in which they were found {MNorth Cove) has high
wave exposure which ralses the effective lewvel of the sea (Lewis,
1994) and in thie rass creatés a high tide paol‘wher” mussgels, |
barnacles, and gastropoeds £ind 2 refuge.
Most of the species that do overlap to any extent in food .

preferences coonpy different average jduntertidal heighis. Tables
XiZ and X¥ show the results of t-tests used to comparve the average
intertidal heights of snail species populations whose food prefersuces

re close and whose heighut distributions appear similar in Figures
3 and 10. The only two gzstroped species in Orepon which might be

conpzting for prey (1f food weve limiting. pogu’atian growth) and

whose average iniertidal heighte coincide are Ucenebra lurida and

Amphissa eplumbilana. Howevar, A. coiumbiansa consumes dead matter
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TABLE XIX. COMPARTSQONS OF MEAN INTERTIDAL HEIGHTIS
FOR POPULATI N® OF SPECIES WITH SIMILAR
FOOD RESGURCES. OREGON SPECIES.

PREY SPEClE% ViTH INTERTIDAL HEIGHT

CATEGORY PREY OVERLAP COMPARISON t~VALUE
THAIS EMARGINAT 18.156%

THAIS LAMELLOSA

GCENEBRA INTERFOSSA

5946%
OCFNEBRA LURIDA 3.396
o OCENEBRA INTERFOSSA g o
Pl rla) *
BARNACLES LEPTASTERIAS HEZACTIS 4.133
THALS LAMELLOSA B'Qéqﬁ
LEPTASTERIAS HEXACTIS A
PISASTER OCHRACLUS 45500
LEPTASTERIAS HEXACTIS At
| AMPHISSA COLUMBIANA 1‘621
OCENEBRA LURIDA +©
_ AMPHISSA COLUMBIANA .
" &) -'1'!'1 B : N - 2 *
PORXCHAETES  yyynpiia CARINATA 6.830
LEPTASTERIAS HEXACTIS 9. 110%
AMPHISSA »OLUMBIANA .

. AMPHISSA COLUMBIANA ., .
DEAD MATTE SEARLESTA DIRA 4.700

THALS LAMELLOSA

%
CERATOSTOMA FOLIATOM 7,032

BIVAIVES

#significant P<£.01; 2 tail test



TABLE XX.

PRVY
CATEGORY

73

COMPARISONS OF MEAN INTERTIDAL HEIGHTS
FOR POPULATIONS OF SPECIES WITH SIMILAR

¥O0D RESOURCES, COSTA RICAN SPECIES.

SPECIES WITH INTERETIDAL HFEIGHT

PREY OVERLAP COMPARISON 1+-VALUE

ACANTHINA BREVIDFNTATA -

o
THAIS BISERIALIS 3.784%x
BARNACLES ,
ACANTHINA BREVIDENTATA R
- P 8,997 %%
 THAIS TRIANGULARIS _
MITRA LENS _
SIPUNCOLIDS  yyTpA TRISTIS 1.445-
THAIS BISERIALIS .
M ASTROPOD * %k
GASTROPODS e e eovr 7.779
CONUS NUX
CONUS CLADTIATOR £.368
- CRASSISPIRA RUDIS
CITATTIR . 2
POLYCHAETES  pyyomeyspIRA ATTERIMA 1.403
PILSBRYSPIRA ATTERIMA 1475
CONUS GLADIATOR B2
ANACHIS DALLX
NACHIS DALLY: 2.598%
ANACHIS FLUCTUATA
ANACHIS BOIVINT
LRt 2.717%%
ANACHIS DALLT 12,717
© ANACHIS LENTIGINOSA
) MATTE %
DEAD MATTER | ANAGHIS DALLI 2,894
MITREL%A.FLE§§§§ , 3, 817#
ANACHIS LENTIGIMORA
ANACHIS TLUCTUATA ~ar'ze factor amalysis
ANACHIS LENYIGINOSA of variance;
ANACHIS DALLI " F=131.50
ANACHIS DOIVINI gignificant P < ,003
* significant P<.05; 2 tail test
trgignificant P« ,01; 2 tail test



Since both starfish species overlap to szome extent ip beth food chodce
aﬁd intextidal range with several gastroped speciés and consume
gastrepods thewselves (Feder, 1%59; Painé, 1969; Menge, 19?2;~§i§sen,
1973) they could exery cansidefable infilvence on gastropod popuiation

aumbers. Paine (1969) suggests thai although Pisaster ochraceus

prefers mussels and baraacles, 1t can account foy 16-31% of the

mortality in Tegula funebralis populaticuns where the two species

overlap. According to Menge {1972), Levtasterias hexactis. in Puget
Sound, Washington, can also significantly influence several gastropod
populations such as Littorina spp. and Acmaea spp.

The divisicn of rescurces by . tropival carnivorous - gastropods is

w
=]

share interiide

3

more complicate é with many more spacies appeariang t
height ranges and/or prey preferences. This is especially true for
the gasiropeds which prefsr polychaetes such as the wmembers-of fhe

genera Conus, Engima, and Leucouzonia, and the five species of turrids,

Kobn (1952, 1966, 1971) has shown that Conug spp. in most cases
exploit different parts of the hebitat and/or different species of
polychastes. 1t is expected that this occurs in the Wast American

tropics to0, but I do not have snough data to make similarw SL&&QMﬂnL:.

Whet the data that ¥ de have from Mexice, Baja Califexnia, Jamaiea, and

Ada

Enivetck Atoll suggest is that Engina and Leucozonis feed on sedentary

£

nolychactes, the Conus spp. oa @xrant polychaetez, and the turrids
{which ara very diverse irn the tropical Americas) consume both seden—

»

tary and errani woams i,é'*.p“)endﬁx 7).



The largest group »f species epcountered in the tropical tiapsects

is the columbellids (9 species). Excapt that most species are aitracted

to dead or imjured animais, it is mot known what amy of these tropical
species prefer to eat. The most commen ecolunbellid in the Oregon -

transects, Amphissa columbiana, las the.most cathclie of diets; alomy

»

with the buccinid Searlesia dira {(Lloyd, 1972; Miller, perys. obs.).

Fecal pelilet exsminztions made on various columbellid dndividuals dn .
the tropical regions have vevealed barnacle and other grustagean
excskeletons, polychaete setae, and gastroped radulae, indicating that
these species alsc feed on 2 number of prey categories. DNot all
columhellids are carnivoruous, since members of the gemas Colurbella

- appear to feed-on plant ¥emains (Marcus and Marcus, 1%82; Miller,

3+ fCantharus spp. are also

pars. cbs. from fecal pellet examinations
attracted to dead material and have & diverse diet according to fecal

pellet rerains, Sowme of the thaisids like Thais melones will eat

el

arrion, but this 43 thought te be just oppertunism, not an indication
of preference in the sense defined.
The tropical gastropods that utilize barpaclie and gastropod food

resources appesar t6 have more epatial separation than the other

3

carnivores (Figure 10).

o

ignificance tests on the intertidal height -
averages were done for sowe palrs whose food resources overlsapped
{Tzable XX). Furpugz columeilaris sharves the bigh intertidal habitat

and food rescurces with P. patuls but these species don’t often cccur

I

[2

in rhe seme microhabitat. This suggests that some physical facter

such 28 wave expesure mway separvate fheir distributions. Not enough



individuals of Mitra lens were fLound to determine if they ate

different sipunculide than M. fristis. There also could be 2

pavtitiondng of food orn the basis of size in this czse, since Mitxa

- lens is twice as 5ig as M. irxistis. The partitioning of prey by

»h

- size preference could be important for many spail species with-some

averlap in habitat and -food choice. This ty?afcf-yartitioaiﬁguis
imperiant din four species of Anolis lizards .on the island of Bimini
{Schoener, 1968).

The important aspect of how large thé rescurce bases are with
respect o the number of 3§ecies-eating that resource was met examineé._
It is entirely p@ssiéle that food resouIces of the gastropods can
‘overiap estensively if zhair-ggpuiaﬁicné are prevented from increasing

bty seme other factor than competition for food.and if the food

rescurces ars superabundant.



DISCUSEION

Local species diversity among gastropeds and chitons, as
measurad by the_numberAuf species, is variable in rhe temperate and
~tropical areas studied, 7The tropical tyansecis do not always hdve
a higher species diversity nor iz there a gignificant differeace
between the mear cumber of species found in Oregon and: Cesta Rican
. transects. & trend for inereasing species diversity with decveaszing
latitude existis when lzrge gecgraphical axreas avre compared; the total
number of different gasiroped and chiton speciss in 2ll Costa Rican
transects {75) is much larger than that in 21l Qrégoﬁ tianascté'{é4)&
The transect in southern Mexice has the largest mumber of species
{£2}) of any, but its guadrat sizes were twice as large as in other.
transects.

Hhen species diversity is exemined using the diversity statistics

which combine species nuzber and zbundance of. individuals (8"} ox

[l

estimated velative biomase (B'VOLIME), more of z trend exists feox
individuzl Costa Rican transects to have a higher diversity than

do individual Ovegon transects {(Table II). . The average B! is not
significantly hignev for the Costs Rican transects, bulb the mora
bioiegically meaningful average HVOLUME is. HIVOLUME is moxe
meaningful than U’ since ii gives greater welght to the uncommon but

lazge snails which oocur wmove frveguently Iu the vropics, such as the

relatively big snall spacies Conws spp., Muricaathus spp., and Thais
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ata

meloues which are important predstors in the cowmunity.

PrisipaiSy oty

¥

3o

1 paramsters measurad that might cause the

ik}
o

0f the physic

»

variation in nusbey of species found in the trapsecis, wave exposure
zud the preportion of The transect ip the mid and low intertidal
zones wvere suggasted as. the wost important varisbles %y & stepwise

<

‘oiltinie vegression. A larse voyvtdon {81%) of the wariation 4in the
number of species is explzined by these two pavameters {Table Xj.

Gne measure of cupographic relief (H'RELIEF). was the third most .
important significant parameter. However, its usefulness as s measure
of topographic relief, like that of the chenge iu slope direetion
measure, 15 -iu doubt.

It is hard to draw zny éonéiusiéus‘cgneern@ng the influence

of topugraphic relief on zny of the dependent variablas since the -
two measvres are themselves nsgatively coxrelated {r=-0.683). For
instance, compare the tovogyaphic profiles of Sdmara 3 with Middle
Cove 2 {irpendix 1}. Samara 3 is relatively flat {showe by a low
EYBELILF (Table VIII)), buz it has a high “change in slope dircction”
value &ud @ high spacies diversity. Middle Cove 2 has high values feor
both tcpographic measuras and a s;mi;ar diversity to Séﬁara 3.

Bota trancects differ in the other physicsl parameters (Table TIT),
vhich mey be more important in determining species diversity. Fox
these ressons I do not consider that these two metheds alone are
entively azatisfaciory for gquantifying topographic relief; better

methods ara heing lnvastigated.
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If the pwo palrs ¢f tiansecis {rom Oregon and Costa Riea that are

most similar in the important pLymrical paremeters, zs determined by

n

the stepwise multiple rTegression, axe compared Table AT, the
numbers of species in the transects are very similar. The Whistaker
‘similarity index comparing the numbei of measurenonts in'tha’ﬁ.cm
height intervals compuced for H'RELIEF ave nétAparticularly high, but
the othar differences between parameter values are small for the two
transect pairs except, of zourse, the 1atit§dﬁ."
- If one is satisfied with defining species diversity as the
simple number ¢f species found, and if only'samples of lecal inter-—
tidél'afaas are campared, theories of how and #hy there is more
gastropod diversicy iﬂxthe.trapics de not have tO'bé invakéd.
Logally, the diversity isn‘t always greatér in the tropics and
phvsical factors similar in both the temperate and tropical rocky
inreryidal prebably contrvol the diversity.

Vertical spatial heterogensity ic prebably nect as important in
determining diversity in this case as 1t is in other groups of
animals like birxdsz {ﬁacArthur, 1964; MachArihur et a%ﬁ 1866; Recher,
265}, lizavds (Piomki, 1967), the gastropod genus Conus (Kohn, 1967},

and fish (Sheldon, 1568%. Fieming (1973), basling his conclusicns on

gualitative obzervations, thinks that the diversity of bats is aliso
net pripavily influenced by verticeal spatial hetercgeneity.
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TABLE XRI. CCMPARISON OF THE TEMPERATE AND TROPICAL
TRANSECTS MOST SIMILAR IN THE IMPORTANT
PHYSICAL PARAMETERS AS DETERMINED BY THE
STEP-WISE MULTIPLE REGRESSION {%%).

ek . : : g :
PROPORTICN PROPORTION OF CHANGE WHLTTAKER
NUMBER Hk OF QUADRATS QUADRATS WITH TN SLOPE OVERLAP VALUES
OF WAVE IN MID ANG LOW YHE UNDERSIDES DIRECTION OF THE H'RELIET
TRANSICT  SPECIES  EXPOSURE INTERTIDAL OF ROCKS AVAILABLE  NMEASURE - Sem CATECGRIES
SOU.K COVE - 3 2 1.00 . 533 ) ' A8 . )
.80
SAMARA 2 34 oz .07 .60 .58
CAPE ) _ ' : :
BLANGD 2 99 ; 92 .54 .48 .
QUEPOS 2 26 oy R T .67 42



81
relationship {Tabie XI}. T am reluctant in make any conclusions -
about ihis relationship since the orher divergity measures have

-+

signilicant reiations with three variables, not just one. 1 alse
don't thirk B’ i8 as meaningful a diversity ctatistic as is HPVOLIME.
1t iz dmporvtaut ¢o notice, however, that z11 ihree ﬂuasuias of diver=
sity have significant peositive velatieons wich the properiicn of wid
and low intertidal quadrats in a given tramsect {Tables X, XI, and
ZI1), 7This should not be unespected since the more area In a sample
containing microkabitats with reduced exposure te vhysicleglcal .
stress, the mers species ons would expect to find zhere (Rickettsf
Calvin, and Hedgpeth, 1968},

The differemce in inv nanher of species comprising the Oregon
and Costa Rican gpecies pools znd the trend in the E'VOLIME values
cannot be esplained so easily, HYVOLUME has a significant positive
relation to the proportion of guadrats having the undersides of rocks

lable as snail hablfate and te the preportion of guadrais in the

e}
2
e
Y
F

mid and lovw imtertidal zuues {(Yable XI1). Howevar, there are no

- differeuces amoag the Uregon and Costa Rican trzmnzects

9]
L

an
<]
[
rh
Bade
e}
]
33
g

with respect fo these two pavametars and wave sxposure (Table XX1I),

by which the divarsity trends coculd be explained. The two measures

of topogravhie xelief are significantiy difierent between ths two

arsas) but siace there are problews with these nesasures and they
aven' € siguificant coniributsrs to the multiple regression of
H'VOLUME on the physical parameters {Table XII), I don't feel tghat

teo much chould be made of fhese differesces. This leaves the



TABLE XXTII: COMPARIZON OF THE VALUES FOR THE PHYSICAL
PARAMETERS BETWEEN OREGON AND COSTA RICA

PHYSICAL PAYAMETER
WAVE EXPOSURE

PROPORTTION OF QUADRATS IN
THE MID AND LOW INTERTIDAL

PROPORTION OF QUADRATS WITH
" UNDFRSIDES OF ROCKS AVATILABLE

CHANGE IN SLOPE DTRECTION
MFPASUFE 0T TOPOGPAPHY

H'RELTEY

STUDENT'S t

1.11%5
1.0101
0.1450

2.4162%

2. 4550%

4 gignificant P< .05; 12 d.f£.3 2 tall test

i8
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The latitudinal parvameter zan includs phenomena that are dis—

vice versa. This would include things idke 2 long ex period of
genleogic history Witﬁent major physigdl catastrophes in Costa Rica
compared to Gregén, or the seascﬁaiity of the'plant growing season.
Theee kinds of differsnces are used as explanations in several of the

theories on iatitudipal gradients wencioned in the Intrxoductiocn.

The increased nuwber of species-tﬁat causes the differences in
species pools and in H'VOLUME diversiry **gnde between Costa Rica
and Oregs T can come about’ by immigration and adaptive radiation. The
incgéaseé divéxsi&y cen be accommedated in the éommunity by‘”witﬁin”
snd “between habitat' resourse ;at tiud '”ﬂg fMacArthur, 1965)
resuliing from the biclegical force of competition for limiting
resources. and/or the .effecte on population size due te predation
(Paine, 13662}, Historical and pressnt physical conditioms in Costa
Rica may bz such that the rgckyviute tidal community has been struc—
tured through a combiunation of these biological processes in a manner
differont from that in Crogon.

Planks {1365} and Baksy (1570) both discuss reasons why there
could be higher rates of evelution inm the tropics, especially against

ckground of 2 “physically stablie" geologic history, an alwmeost

Jlord
Ty
he
s
o

constant, warn climate, aud 2 wore or less even availability of

foud on an aapual basis,



84

The increass in the nuwber of sproiss in the zrecies pool conld
have resulted, in pars, by immigrationa -meigration by gastropods
wirh long-lived psolagie larvae could have odeurred from the lslands
in the central Pacific viz the MNorth hguatorial Céunter Current
{Abbott, 1%05) and aiso from the West Indian fauvna when the land
bridge between Central and South Agerica wes not fully feormed. These
possibilities for immigrition. could have added gastropod species
which ewploited food reserves like pelychastes-and fish (Conus spp.) -
and sipunculids (ﬁi&éﬁ,sgpo} to the fauna. . Conus ebragus, a widely -
‘dispersed Indo-FPacific spzcies, is found dm Costa Rica, as are Purpura.

£

pansa aund Cyprasa cexvineita which closely resembic ¥West Indian

species (Xeen, l@?i}, vTh; nalor trans-Pacific currents that nove |
north frow Asia towaid the arctic sand then down the North American
cocast to Oregen are cold currentg. Larvae traveliog in these currents -
must be physiclegically able to withstarnd the low temperatures which
would prevent‘migxatien of many gastropods.

The mozt obvious diiference between the commugity structure in
Oregon and Costa Rica is the significant increase in the contribution
by carnivorocus gastropods to the proportion of species, imdividuals,
ang veluns of gustropods and chitens (Table IITY. - The number of
herbivorous gasirennd and chiton species 2ls9 increases in Costa
Rice compared to QOregon, but not as much as carniverous snail speciles

4o,

Thaw

tropical carnivorous snails are wsing food rescurces not

1

S

eaven by Oregon snails (sipunculids and fish}, asnd wore species prey



on polychaetes and dead or iniuvrad prey. Siuce fhe rocky intesrtidel
habitars la Oregon and Cosva Rica ere similar Ia tiat borh contairn

sipunculids, smail fish {2-5 om long), poiychasvas,; and dead or

injured organ

3ud,

smg, this increaze in carn’vorous snail species which
usé nore of the available food rescurces in the tropical rocky
intef@ifal is probably an example of increased “within habitai"
diversity {(MachArthur, 1963},

Tﬁat the higher tropical spacies diversity is atiributable to an
increase in the "witbin habitat” componment of diversity due to differ~
- ent wtilization .of avallable food resources has been proposed for
orher animals alse. In-studies. comparing terrestrisl hapitéts in the
temperéte'an& tré@ééai-regiﬂn§~ghat;appeareé tn be simfiaréEEV»‘
vegatational structure, Karx (l??])-and‘oxiaus (1959} agree that the

magicy increzase in ¢ropical bird species seems to be due primarily io

1]
"

7

the ipcreszsed explsitatian of food resources which are nore predic-
table in supply in the tropics; that is, an inevease of the. “within
habitat? component of speciszs diversity. Fleming (1973) thinks thar
the increase in mammal species o tropical habitats (forests) compared
to simila: ;e&perataAhabitats is primaxily dus o ths increaéa in bat
gpaciesr which iz probably due, in turn, teo the increased variety and .. -
year-roungd availsbility of certailn kiods of food resources like fruit.
Hcﬂab»(li?l) in hie study on ihe treophle structure of bat communities

res the incrgased diversity of food xesources used by tropical

s

alse o

bats as an dmporitaut factor dm the fncreanse dn bag diversity.
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Further evidence that "within habitas” diversity forces are
operating to dncrease gastropod diversity in the ;chlcs can Le found
in preoiected. sandy beach hebitats. On & sandy. beacli inside Cocs Bay,
Oregon, there ocour intertidally twe species of Qlivella which
probably feed on detrirus, =nd an uncommon predator, Polinices
Jewisid, w .hich ptobabl? ears wmostly bivsa i“es but may take Olivella

- too. On a similar beach in Samara, Costa Rica, the “e-QLCLr.gizZ§1;§

coelumellaris (plankton feeder), Qlivelliz morrisceni? {prebably detritus

.

chemnitzil (°ats Oliveliz and maybe Agarcnia and bivalves), and Hatica

grayd (eats Olivella and possibly bivalves). This increase in species
“dgiversity épy ars to be accopnmvdatred priacipally by an inlraase 1n':“¢

kind of faod-resqurces-use& {?lanktcn aad eastropods) compaxadiic the

temperate situaticns and by separatior im space and time: .the Olivells

coluwellaris population fellows the tide up and dewm the beach

Agaronia propatula resides im the wmid and high tide zones; the OGlivella

[N
4]
o]
]
A
1]
mn

morrisoni? is in the wid and low Intertidsl; Natica chemmitzi

in the mid tide zone; and N. grayi in the low intertidal zone.
Even though there is this incxeasz in “within habitat" diversity
5 in the tropics, local gastropod diversity is probably prosimately:

! - . . -
H cantralisd by local physical conditions like those mentioned. 1 may

@ not have sampled Iia an aves in Coata Rica where the physical conditions

are such that the nonber of wpacics present appryoaches the total

[}
+h

ool nuber. The Orvagoun transect with the highest percent

28 pos) 1o Nouth Cove with 527; the highest percentazs found
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in Costa Rica‘is Quepos 1 with 31%, This also may b2 just due o
probiens with &amplzﬂﬂ in patchy hsbitais.

‘One of the problems with asecribing the diversity increases to an’

“inerease in “within habitat" diversity is that what I _c#ll s habitat

{the rocky intertidal zone) is divisible dnto more thasn one microhabi~
tat by the snzils. Some of these microhsbitats may be patehy in their

digtribution so that rocky intertidal areas, which I. think 2rs similar,

may actually be different with respect to seoms microchabitst not

_essily discernible by me, but which determines whather a pariicular

gastropod species iz there or not.  If this is the case, and it

~

‘probably is for some snail species, there will siso be a "between

habitat" component of the total diversity whieh may be higher in the
tropical areas thus favariﬁg higher speciss diversity {(Machrthur,
1965},

The nuchber of wdgyue svecies in samples of simliax, geographically
close hzbitats can prebably serve as an indicater of “between habitat™
differences (Janzen and Schnener, 1568; Alian et ai, 1973). Although

'3

nique species im the Cregon and
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Costa Ricsn transects y2 not szgnlkicautly gifferent, the trend is

for the Costa Rican transecis to have a higher propovtion of-unigue

i

n

pa {fable V). This trend and the fact that the similavity of
gpacies compusition of geographilcally close trensects tends .to be lower

in Costs Rica (Tablie IV) mav imdicate that there is greater “between

diversity in Costs Bica.
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These differences In unique species might be related to prasence
ef mors refugee zpecies from mirxed  sand-nmud~rock he itats In the area.

Karr (1971}, Orians (19692), Heyer and Berven {i973), and Patrick {1968
211 stress that rare species could be refugees from surrounding areas
and probably would net suzvive in the habirat under siudy, Cartainly

sone of the vare snails in wy Costz Rican tramserts (such as Opeato-

‘gtoma peeudedon) are from ﬁ:ha‘Szuibt:f_:’:a.l,~ hut the total distributicen

ig not known Ior most other spescies which are Tepresented in the
_transects by only 2 few indiwviduals. . .

In eddition to refugee species or patchy microhsbirats, the
seccurvence of unique species may be attribufed to a sufficiently
seekle olimate in Costa Dica that a2llows species with smell. nusbers
of individuals to survive'(Baﬁer, 1870). If this were the case
one would expect the increase batween. Oregon and Costa Rica in
uniqus species to oceur ameng both herbivore and caxunivere species.
The percentage of unigue species which are herbivores and carnivores:
is similar for Oregon and Costa Ricas thus it appears that this may
be occurring (Table VIL). If the Costa Rican calnivara butr, not the
kerbivore proportion had increased, t¢his wmight heve heen Lecause
the increase in species diversity is due mainly te secondary carnivores
which are usvelly larger {in order to subdue prey} aad varer due fo
high energy regwiirements.

I ¢hink that the groater gastroped and chiton species diversicy
in Cesta Rica can be pramarily - ativibuted te “within habitath

-4 mainly on the types of prey utilized. However,
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- there is probably alse some ipcreoase due to the “betwescn habigat®

component ©f species diversity.
.- The imcrease in Ywithin” aund “between habitat” diversity in Costa
Rica could have been influenced by cowmpetition, predation, andfex
immigrarion. Wighout experimentation in the field, most sf the
evidence velating te the possibility of competition er-predazianaas a
structuring foyce in the community must be eircumsiantisl or specu—
lative. . ]

1 eanmot supply any divect eviéénce supporting Paine’s hypothesis

that the large number of predatory gastropod species in Coste Rica

on among the prey Species for limiting

¥R

should be reducing compeiiil
rageurres and thus maintaining ﬁ hish prey d*vavcitv vhizh in turao
can perhapy support more predators. Most of the incresse in predator
diversity isg in specles which eat fish, sipunculids, dead material,-
and polvehastes, With the exception of some families of polychaetes,
these pray do not appear to be capable of -wmonopolizing the space
resource which Paine (1%66a, 1971} feels is important in the vocky
interpidal comounity.

if spuce in the dntertidal could be limiting for some species
Paivne, 1U40a, 1971; Davion, 1971}, barnacles seem to ba the only

organisre capabie of uwopopolizing this resource in the absence of

predation im Costa Rica. Massels were not coxpmoa dn the aress

gtudied and where they do occur they arve usually about 1 cm dn length,
Algae du not appear fu be & serigus threai te space, asiace the standing

- . o . o % ¢ s -~ ‘
crep is voor. Dowson (1962} describes the ares arcund Quepos, Cosia



Ricz, as the most impoveriszhed in the mumber of algal spacies thar he
has seen on the Pacific Coaszt. 8ix of the ten'£QLilL°S of polychaetas
that’?ravide.facd resources for (ostz Rican snails aré tube builders
which regquire space, but if would have o be dewonstrated. that some
of thase species couid win in a competitive situation where space was
liniting. In some places there are mate ol Chaziopierus and sabel-
Jariid tubes (Puerto Escondide), so this might be a posgibility.
These mats of vworn tubes are shelters for mapy different kinds of
polyahaetés, crustaceans, aund small gastropods, so. thai the overall
diversisy is increased compared to -a mass of barnacles.

In Costz Rica there are ne large invertebrate caxnivqres.lika the
starfish of tha gcﬁ inzertidal zone which causa@s large guantities

sf barnacles, bivalves, and gastropods (Paine, 1966a, 1971; Menge

1-"‘
2
i
e
s
L]

-3
M

e top invertebrate carnivores in my Costa Rican transects
are four spacies of gastropods whose Pepularlﬂnu sppear to occupy
different habitats, probably based vh intertidal height and wave
exposure diffavences. e with the sterfish in Oregon, these species
do nol rely only on gastrepods foxr prey; they zli est barnacles zlso
and probably could handie bivalves, Although thass speciles do not

zve individuals the size of gi§a ter, the pupulation sizes can be
substantial. Thus they could easily affect the abundance of other
gretropoas significantly.

1 de net have data on prey abundance or species diversity so 1

cannot gpaculatae as to wherher the predators are a factor in

pevniiting mofe prey speciss oo coexist in Costa Rica, as Paine's



9]

hypothesis predicts, nor whethar the incxsase in gastropod parnivore

a .

diverzity lo correlatsd with en incresse in prey dirTevsity,
Arnold £1972) found for lizard speciss. The preditiorn theory vould

predict the reverse. There is also a resl possibility that the entire

intertidal compunity is structured by intense fish predatrion {Bakus
1969).
There is scme evidence of a speculative nature that competition

is & majer structuring force in these vocky interiidal communities.

When the intertidal height ranges (defined sz the number eof centi~
erers between two standard deviations sbove and twe standaxd .
devistions boalow the average height of the quadrars in whﬁcn 2 speb pies

was found) of the species appesving in five oi wmore venmplse quadia

B

are compared in ﬂrégon and Costa Rica, the ranges in Oregon are
significantly wider (t==2.460; d.£.=55; P<£.05; Z tail test). This

Y

ecould support tbe idea that comperiiion due io ingTeased nunbers of

species in Costa Rica could lead Lo habitat contraction foy zowe

-

species while the food preferences for these spocies would remain

-

similar MacArthur and Pianka, 1966: MacArthur and Wilsean, 1967).
This apparent veducticn jin hsbitat sizes for the Costa Ricsn
gastropeds way, bowevoer, be the result of an effective lowerxring of

L

wpper limits at which snzilc ian survive in the cropieal intertidal

b

£

we Lo the higher hesat stress. Notdce in Figures 5 and 6 for the
numnber of species dn guadrars of certain aversge heights that the
upper limii of the distribuiion of peints In the Costa Rica graph

neens the Y-axis 2t a much lower height than din thar for Ovegorn.
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In spite of the diffe erence in how. the poro tide base line is
deternined, I think the difference is real and prébably due to
desicecation factors. If there is a lowering of the effective
intertidal height for phjsialogicag reasens; I would alse expect the
intertidal ranges of most species to shrink.

There has been some thecyeticzl work on whether on2 should find
generalist or specialist predetors im a‘situation strucfured by
_campetitipn‘(§ cAzthur aund Planka, 1366; ‘MacArthar and Levins, 1964},
tut unforturnately I do not bave enough data on most of the species
consuming polychaeteg or dead or injured prey in the tropics fo cemweant
‘too much on differences in prey specialists and gensralists betveen
the tyopical snd-vemperate- zones. Eaﬁy-éarﬁi§orﬁus species in both
arsas can handle at least two different tvpes of pray {(fppendices 6 and
7}, so it should- be possible to switeh prey preferences.if-a type of

prey becomes low in zbundance or if local condilions preclude some

species which sats only -one spenies of prey or is if cne feeding on

")

just one prey type which may include different genera and even
families? Yor instance, there are several species eating polychacstes
snd there desg appear Lo be a separation of these species on the basis
of whether the polvenzelas are fu e~dwc1 dng or beuthlv crawlers. Iz
remeing to bz discoversd whethexr those species. that skill feed on

)

similar types of worms have spatial or ttmvmral habitat separation
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and eat similar species or if thev- actually specinlize on different

4,

species.

The higher number of ubiguitous species in Cregon may mean that

o]
M
2
o
3]
]

the Costz Rican gastropeds hav yesource partitioning with

patchy focod andfor habitats. If competition has forced species to
wpecialize on patchy rescurces,. and 1f these reﬁauraes;are patchy
enough -gso that my samples missed them in some transects or they
waren't there at all, one wounid expact-tavfind'more unique specles
and fewver ublgquitous species in Costa Rica.. On the ether hand, a
generalist would be betrer off in an. enviromment whexe prey patches
are small and -dispersed (MacArthur and Pianka, 1966; Kohn, 1968)
which is prohably the éase'fqr somg pradaters on polychostes,

Still more speculatively, the fzct that there is only ore

species of gastropod {Seariesia dira) in OUregon that does predictably

attack live gastropods in parts of its range (Llayd, 1972) may be

O]

due to competition from predation prassures by the starfish

7

£,

Leptesterias and Fisaster on gastroped pepulations. In the absence

of starfish in Costa Rica, the species diversity of pastropod-eating

the trende that iveal blomass measurements would show, are very

n

ignificantiv positively related to the latitude (Table XII) and to
ne other physilcal parameter. As mentionad befeore, this is due to

the prezencs 1r Oregon of lawvge chitons, such as (Cryptochiton
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stelleri and Katharina tunicata and the large populations of the

z funebralis which can oceur in aumbeys

velatively big herxbivore Tegul

of over 100 per scguare meter. These particular herbivores areglong

lived and keep growing for many yesrs. Tegula funebralis lives to be

over 30 years oid (Frank, 1963} while the carnivoreus Thais emarginata

probably doesn’t survive beyond 3~4 yeatrs {Miller, personal observa—.
tion).

Une might expsct the tropical tramsects to have a lover estimated
gastrepod biomzss if the sizes of the individual gastropods were

comparatively small due to shorter leagevicy (bhigh surnover) and if

the populations ware aot superabundant, 3s Tegula funebralis ov

6
)

Jye

£
2

Littoring sop. can be., Frank (1969} etudied szeveral sppeles o
tropical gastireopods on Hexon Island, Austrzlia, and found that growth
and, presumably, longevity of &« number of rhese gnails corresponds

to his finding {or temperate spails llke Teguls Ffunebralis, Searlesis

. dira, and Diedeza aspaera. Thus it would. seem ithat some tropical

snzails would be sble to live as long and grow as large as temperate

ones. Thie may be true for the largs subtidal Strombus spp. in

These volume differences befween Costa Rica and Oregon molluscs
alre might be attridbuted to productivity differemces, but there is mo
dita on produccivity for this srea and one can’t make predictions from
e biomass of algae. Altheugh Costa Rica has a more even growing
seagun, there 1s a low standing crop of algae. This could be caused

3 -

vy the inteuse graslog by flsh and dnvertebrates and the rhysiologleal



25

preblemé-of'heaz stress in the intextidal. Qregon has the bulk of the
algas produced in a2 spring blcom which lasts dinto the fall, but there
is always an cbviosus standing crop of slgaes all vear ayound.

The next steps iun comparing community structure in the rocky
intertidal aress iv the cemperate and tropical rvegions should be
al the lines of designing exclosures to study the effect gastropods

‘and ‘fish are having on the invertebrate

[
F‘ .

id algal populations, .since
the enuivalent studies have been douns in the temperate zope (Connell,
1961, 1870; Paine, 1966a, 1971; Dayton, 1972). The abundance and

gastropod prey should alse be measured to determine 1f

Fi

diversity o
there is a superabundance 9f food for the gezstropods and if the

gactrepsd diversicy can be corvelaced with prey diversity {(Aouold,

tructure in the Costa Rican rocky intertidal

>3
=3
[0
0D
%
u.
&4
CD

zone is different from Oregon mainly due to the presence of se many
-carnivorous gastrepods feeding on food types that exist in the tempar-
ate rocky intertidsl but are not used by the pradacecus gastropods
present. The colder waters mey indeed be hindering the radiation of
-carnivorcus genera ¢f gastropods promineat In the tropical trophic

structure such as Cenus, Cypraesz, and Mitra. On the other hand, it may

uut be 3 matter of time, since the centrgl California waters de have

’

members of these gemera subiidally: and the Uoluwmbellidae and Turridae
occux in Oregon; but they have not radiated into manv species, as

they have in (esta Biea,
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Mclluscs, aleng with some othsr zroups,. have an increasing number

of gspecies along a decreasing latituginzl gradient. Thers are sevsval

aypotheses regarding ecological processes that allow more species to-

ce-oceuy in troplcal habitate than in similar habitats in the Lempersts

zone. This study examines how differences in phyeical wvariasblas and
trophic structure affect local species diversity in similar rocky
intertidal regions of the,Wést fmerices and relates these resulis

to hypotheses put forth o explain diversity gradients.

Transects in rocky intertidal arezs werz donz 4n Oregom, U.S5.4.,
and Cogsta Rica, Central America, te compare gastroped and chiton
species diversity aund trﬂphic relationships and £oed and habitat
preferences of carniverous gastsopods. Several physical parameters

f each iransect were measured fo determinz 1f some relationship

0

exigsted between thes and species diversity. These parameters were

jAN

lagree of wave exposure; propoviion of guadrate in the transect in

the mid and low dntertidal zenesy latitude; the proporition of quadrsats

which hed the undersides of houlders or ledges available for habitationg

The stwdiles done at six sites in Oregen and eight sites in Costa

Wica show that local gastropod and chiton specles diversity is

varizble; the tropicel sites do roi always have a higher diversity.

The specisg posi for the trupical traansect. {735) 1s greater than for
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Oregon (44), so there is an increase in diverzity in tha ivopics
when larger geopraphic areas are considerad. The tropical transects
have a different tiophic structure with man more carnivorcus

gastropod specizs than the Oregon transecis. The densinty and estimated
volume of spails per sguare meter is much higher io the temparate
iransects owing te the size and anumbers of herbivovous individdals,

A stepwisze multiple regression of the number »f species on the
physical parameters suggested that wave exposuzre 1s the most important
variable influencing spe cies diversity amoag the transects; thé next

. two parameters ln.order of importance are the proporiion of the - -

3

transect ti at is inp the high intertidal zone and the predictability

Most carniverous gastivopod specles with ovexrlapring intertidal

o

‘ood resources. The inerecase i

by
o]

height ranges use diffevent
caruivorcus gastropod diversity in Costa Rica is westly Iin species
which utilize different food resuurces than do temperate zone snails,
,spegies thar eat polychaete sorms, and snails that prefer dead

sme. Because of tnese feeding differences the tropical

community trophic structure is much more couwplex than the temperate



APPﬁNﬁIX i
Topographic profilies of the transects in relatlon
éo the intertidal height. The profile line in
transecte rot sampled avery meter is broken. Hoie

that the transect profiles for Scuth Cove and

¢ -
Samara 1, 2, and 3 are sapasvated into sections.

28
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CAPPERDIN 2. LIST OF SPECIED ARD NUMBER OF INDIVIDUALS TOUND IN EACH
CRANSECT IN OREGON
o [
< $ g g
@ v~ = P
ﬁq’ — . — ’.\: o ™ [2x Y]
) o P g -
s = % ik & &
Species =0 = w o 3 &
GASTROPODA: PROSOBRANCHIA
Piodoxra aspern 3 5
{(Ratbke, 18533}
Acmaea digitalis 308 641 53 433 286 220

Rathke, 1833

Acmaea mitra 1 8 i5 9 1 3
Rathke, 1833
Acmaea pelta 73 142 2 b4 70 67

Rathke, 1833

Acmaea porsona
Rathke, 1833

emae2 seutum
RBathbe, 13833

2%

51

Calliostoma ligatum 1 3 27 30 i5
{Gould, 1846}
Lirularia succincta 36 248 | 51
{Carpenter, 1848}
Tegula funsbralis 330 2165 3
{A. Adoms, 1853%)
1 185 1532 5415 2950 928

Etovina zeutuleia
2

&= -

Laguna carinata 75 350
Gouitd. 1848

i3

1iG



=
o

Cexdthiopsis stejnegexri
Dall, 1884

Epitonivm tinctum
{Carpenter, 1864)

Opziia chaced

£

Strong, 1937

Velutina laevigata
{(Linnaeus, 1767)

Ceratestoma foliatum
{Gmelin, 1792}

Ocenebra interfossa
{Qarpenter, 1864)

Ceenebra lurida
{Middendorff, 184%)

W

Thais canaliculata
{(Duclos, 1832}

Thais emarginata . : 22
{Deshayes, 1839}

4

Thais lamellosa
{Gmelin, 1791

Searlesia dira
{Reeve, 1846)

Tumbiana 2

MCl  -MC2
i

1 1
-2 1
5 18
21 ig
1

7

31

10

L

ig

60

fand
o
-

147

29

9

[

i9

[

40

28



CASTROPODA: OJPISTBOLRANCHIA

Aarchidoris monterevensis
{Cooper, 18623

Diavlula sandiegensis
(Cocper, 1852}

Rostanga pulchra
MacFarisnd, 1905

Fermissauda crassicornis
{Eschscholtz, 1831)

Triopha carpenterd
{Stearns, 1873)

GASTROFODA: PULMONATA

Oncidiella sp. 23

FOLYPLACOPIIORA

Cryptochiton stellerd
{(Middeundorff, 1845)

Cyanoplax dentiens
{Gould, 1346

‘Katharina tunicaia 26
(Waod, 13153

Mopaliz cirrata
Berry, 19239

Mopalia hindgii
Reeve, 1847

Mopalin lipnosa Z

35

Liel

i8

)

et

pod
Pt

e

4]

CBl1 CR2
Z
3

34
il 14
9 8
2 )



We MC1 MC2 sSC CRL CR2
Hopalia wuscoesa 2 Z i6
Gould, 18496
Tonicella lineata 28 24 18 91 18 15
(Wood, 1815)
Placiphorella velata i
Carpenter in Dall, 1879
chiton sp. 1 1 1
chiton sp. 2 i
ECHINGDERMATA: ASTERCIDLA
Leptasterias hexactis 3 22 3 33 14 35
(Stimpson, 1862}
Fisaster ochraceus 3 i 4 76 33

{Brauadt, 1835



AYPENDIX 2, LXIST OF STECIES AND NUMBER OF INDIVIDUALS ¥FOUMD IN BACH TRANSECT IN MEXICO & COSTA RIC

SASTROTODA: PROSOBRANCHTA

Disdeorn Inaegualls
{Sowarby, 1833)

Fissurella microtrena
Sowerby, 1835

Flgsaurella nirrocincts
Cavpentayr, 1856

FPissurella vireseene
Sowexby, 1835

Collisella atrat
(Carpenter, 185

2
/

)

Collisella discors
(Puilippi, 1849)

Hotoacnaca fascicularnis
(enke, 18517

Puerto

oadide

Es

fory

Z211

37

Flaya
Hermosa 1
Playa
Hermosa 2

ey

oy
o
12 ju) o il 0n
] b M - 4]
%? o v} [} C
3t 13 e B oed Em 0 ond
- O Gi] 5] 4]
Qs I [7+] 15 wm &
i
1 1 2
4 4 .9 14
1 1 3

HEPOS

&

13

fA)



Heteacmaca £ilosa

{Cavcenter, 1865)

Hearvia mesoleuca

{lienke, 1851)

Scurrla stipulata

Tepula cooksond

(5.4, fmith, LR77)

Tesula globulus

{Carpencer, 1857)

Tegula pellisgerpontls

(Reeve, 1855)

(Wood, i828)

Arene sp.

s s S AR O

Wood, 18206

Nerita funiculata

Moplke, 1851

Nerite scabrlcosta

Lamarci, 1822

Littorira aspera

Philippi, 1846

Littorina modesta

Philippi, 1846

PR

33

[
~3

PHL

o
for
]

71

1502

2601

2 .

-3

PHS 81

Lo

(3

11

6 653
3 1z
219 138

1036 7

52

k-4

13

238

91

83 Q1

23

[y

466

N

18

18

68

Q2

re

(4

11

£11



PE

issoina effusa
8reh, 1860

Turritella ap.

Cexlthium adustum 1
¥iener, 1241

Cexldthium gemmatum
Hinds, 1844

Planaxis planicostatus
Sowerky, 1825

Hivponit panamensis
C.2. Adams, 1852

Crucibulum sp. 1

Erato sp, 1

Cypraea arabieunla )
{Lamarck, 1811)

Cyprasa cervinetta
Kiener, 1843

Cymatium lignarium 1
(Broderip, 1833)

PH

14

25

™ 51

1
2 4
40
22
28 12

paes

Q

193

BU

7Y



Pnrsa caelata

(Brodecip, 1833)

Aspella pyramidalis
(Beoderip, 1833)

Muricanthus callidinug

Berry, 1958

Muricanthus prineceps
(Bred rip. 1833)

Corelliophllis costata
(Blainville, 1832)

Acanthica brevidentata

(Wocd, 1828)

Morula ferrugincsa
(Reeve, 1846)

Purpura columeliarie
(Lemarek, 1822)

- Puzpura pansa
Gould, 18533

Thals biseria;is
(Blainville, 1832)

Thals melones
(Duclos, 1832}

B

2]

33

13

Pul

22

PR

17

39

46

81

"85

al

52

113

14

100

01

23

Q1

iy

25

=

h&



PE ‘PH1

Thals sneclosa 26 1
(Valenclennes, 18323

Thals triangularis 4t
(Blaloville, 1832}

s

Cantharus gemmatus . 1
{Reeva, 1B8495)

Cantharus sanguinolentus 10
{(Duclos, 1833)

Engina maura
{Sowerby, 1832)

Engina pulchrn
(Reeve, 1846)

Engina tabogsensis b1
Bartsch, 1931

Anachis boivinil
{Klener, 13841)

Aﬂac@igidallk
Parssch, 1931

Anachis fluctuaia
{Scwerby, 1832)

Anachis lentigenosa 238
(Hinds, 1844)

89

Pu3

13

s1

27

2

52

42

124

53

136

9

72

44

.

o~

c3

.1

STt



Anachle pardalis
(Hinds, 1843)

‘Anzchis pygmaea
{Sowerby, 1832)

Anachla varia
(Sowerby, 1832)

Anachkils sp.

Columbella fuscata

Sowerby, 1832

Columbella strombiformis

Lumarck, 1822

Loiumbella sp, 1
Columbelis sp. 2

Mitralla elegans
{Dall, 1871)

Mitrella sp.

Leucozonls cerats

(Wood, 1828)

PE

20
10

il

PH2

29

2

iz

PH3

81 82 83 Q1 Q2
7
1
7
1 &
i 3 3

L1t



Opsatnstoma pasudodon

{Zurrow, 1815)

Mitza lene
Vood, 1528

Mitre tristls
Broderip, 1836

Conus gladlator
Broderip, 1833

Lonus nux
Srederip, 1833

Conus princens
Linnoeus, 1758

Conus purpurascens’
Sowerby, 1833

Oragsispira discors
(Sowerby, 1834)

Crassispira eurynome
Dall, 1919

Crassisplira rudls
(Sowerby, 1836)

Pilebrysplra aterrina

(Sowarby, 1834)

12

PR PH2 PHS 81
. )
1 i
1 1
2
1
1

1

U

83

fry

21

© g

Q2

13

811



PE Pyl

Pllsbrysvira garclacubasi 1
Shazky, 1971

Piisbryspira melchersi
(tienke, 18351)

Pilsbrysplra (undescribed)

GASTROPODA: OPISTHOBRAMCHIA

Cdeostomia sp.

Bulla punctulata .

A, Adams in Sowerby, 1850
Dolabrifera sp.
ZRLazrarera

Tridechiells diomedea 3
(Bergh, 1854)

nudibranch sp.

CASTROPODA: PULMONATA

Siphenarla gipas
Sowerby, . 1825

Siphonaria palmata - . 9
Carpenter, 1357

PH2 PH3 s1 82
5
4
2 -4 9
13
1
1
1

53 0
2
2
é
&
23
1 2

33

6TY



POLIPLACOPRORA

Acanthbchitona chodea
{Pilsbry, 1893

Acanthechltona sp.

Cullistochiton sp.

Callistoplay retusa
{Sowarby, 1832)

Chaetopleura sp.

Chi=on zlbollipeatus
Broderip & Sowerby,. 1429

Chiton articulatus
Sowerby, 1832

Chiton stokesii
Broderip, 1832

Radslella sp. 1

Radslella sp. 2

Stenoplax limaciformis
(Soverby, 1832)

10

14

PR Pi2

PH3

o

FrY

13

14

52

10

83 Q1 Q2
2 i
1

2

3 9 9
2 1

2

0zt



3
ESTIMATED VOLUME IN CM

OF TNDIVIDUAL OREGON

AFPENDIX 4.
GASTROPOD AND CHITON SPECIES USED IN CALCULATING
BIVOLUME FOR THE TRANSECTS.

SPECIES VOLUME SPECIES YOLUME
CASTROPODA: TROSOBRANCHIA Thais capnaliculata 0.540
Diocdora aspera 4,301 Thaisg emarpinata 0.572
Acmaea digitalis 0.200 Thais lamellcsa 3.15¢
Acmaea wmitra 2,049 Searlesia dira 1.595
Acmaeca pelte 2,362 Amphissa cclumbiana 0.286
Acmaea persona 2.264 Mitrella carinata 0.026
Acmaea scutum 1.242 GASTROPODA: OPISTHODRANCHIA
Calliinstoma lisatum i.,344 Avebidoris montereyensis %380
Lirularia succincta 0.026 Diauiuls sandiegensis 4,251
Tegula {unebralis . 347 Rostanga pulchra 0.55%
Littorina scutulata 0.05¢9 Hermissends crassicorais 0.593
Larcuna caxinata G.009 Triopha carpenteri 0.884
Bittium eschrichtii 0.046 GASTROPOTA:  PULMONATA
Cerithicpsis columna 0.014 Oncidiella sp. 0.032
Cerithicpsis stejnegerd 0.034 POLYPLACOPHORA
Epitonium tinctum G.151 Crvptochiton stelleri 2356.884
Opslia chaced 0.574 Cyaneplax dentiens 0.127
Velutina laevigata 0.0866 Ischnochiton cocperd 0.127
Coratostema foliatum 4,955 Katharina tunicata 80.660
Ocenebre interfossa 0.269  Mepalia cirrata 0.961
Ocenebra lurida 0.31%  Mopalis hindsil 23.398

121



Mopalia iipncsa

Mopalia wuscosa

Tonicella liazata

Flaciphorelia velata

chiten sp. 1

chiton sp. 2

20,488

19.386

122
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APPENDIX 5, ESTIMATEY VOLUME IN C”'i3 GF IKDIVIDUAL COSTA RICAN
CASTROPOD AND CHITON SPECIES USED. IN CALCULATING
1"VOLUME FNR THE TRANSECTS.

e

SPECIES VOLIUME SPECIES VOLLME
GASTKOPCDA: PROSOBRANCHIA Rissoina effusa 0.007
Dicdora inaeauaiig 3,630 Turritella sp. 5.189
Diodora pica 0.022 Cevithium adustum 9,113
Fissurella microtrema 0,221 Cerithivm gzemmatum 0,042
Fissurella nigrocinecta 1,450 Planaxzis planicostatus 0,235
Fissurells virescens : 1,016 Bippenix panamensis 0.336
Qgil;ggglg atrata 1,597 Crucibulum sp. | 1.065
Collisella discors 1.588 Erato sp. ' 0.059
Notﬁaamaéa fazscicularis 0,058 Cypraeca arablculs 1,335
Notoacmaea filosa C.154 Cypraea cervinetta 11,700
Scurria mescleuca 0.26% Cymatdum Iignarium 0,425
Scurria stipulata ' 0,269 Fursa caelata 1,595
Tegula cooksonl 0.378 Aspells nyrémidalis 0.019
Teguliz zlcbulus 0,236 Murieanthus callidinus 7,630
Tewula pellisserpentis 1,546 Muricenthug princepé 27,150
Areme 8P, 0,007 Corallicphils costata 1,646
Tvrnn saxosus 1,701 Acanthins byavide tata 0,843
Novits Funiculsia 6,151  Morula ferruginosa 0,667
Neriinx scabricosta 3,798 Purpura columellaris 1,331
Littorinag aspe 0,083 Purpura pansa 2,126




Thais melones

Thals speciosa

Thais triangularis

Czntharus gemmatus

Cantharus sanguinolentus

Engina maura

5!

ngina pulchra

Engina tabogzensis

Anachis boiwvini

Anachis pardalis

Anacnis pygmaea,

Coluwbella fuscata

Coluwnbella stxombiformis

Lolumbella sp. 1

Columbelila sp. 2

Mitrellas elegans

{

{itrelliaz sp.

~

{ =t

Lzuegzouia cevata

Opsatosioma pseudodon

Higra leans

0.076

0.0872.

0.75¢6

G.604

0,104

Migra tristis

Conus gladiator

Conus princeps

Conus pPUTpPUTaSCEens

Crassaspira discers

Crassispira eurynoma

Cresgispira rudis

Pilsbeyspira arerrima

»

124

0.142

2,296

4.264
~0.016

0.123

*ilsbryspira garciacubaci 0.085

Pilsbryspira melchersi

Gdesiomia sp.

Bulla punctulsta

Dolabrifera sp.

Tridachiella diomedea

-

nudibranch sp.
GASTRCPODA: PULMONATA

Siphonaria gigas

S8diphonaria palmata

POLYPLACOPHORA

Acanthochitona rhodea

Acanthochitona sp.

Callistochitoen sp.




Callistoprlax retusa

Chaetopleurs 3p.

4]

Chiton albolinsetn

|

Chiton artioculatus

Chiton stokesii

Radsiellg sSp. 2

Stenoplax limaciformis




APYENDIZ 6.

A LIST OF PREY OF CARNIVOROUS

GASTROPONS AND CHITONS OF OREGON.

S0BSERVATIONS WERE MADE ON A DIFFERENT SPECIES OF THE SAME GENUS.

Predator

PROSOBRANCHIA
Epitoniidae
Epitonium tinctum

Opalia

Velutinidae
Velutina laevigata

Muricidae
Ceratostoma follata

Ocenebra interfosss

Préx

Cilassification

Yvecies

Cnidaria.
Anthozoa

Cnidaria
Anthozoa

Chordata
Ascidiacesn

Cnidaria
‘Hydrozoa

Mollusca
Bivalvia

Arthropoda

Cirripedia

S2a anemones

Anthopleura elegantissima

Number of Observations

tunlcates

hydroids

Fotula californjensis

Sexicavs sp.

Zirfaea pilsbryi
Protothaca rtaminea

tarnaclies

Present Previcus
Study Studies

*Robinson (1970)

A
%Graham (1953)
%Granam (1955)
1
17
1
1
12

N



Qrenebra luxida

Thaididae

Thais canaliculata

Thals emarginata

Thais lamellosa

Porifera
Annelida
Polychaeta
Sadentaria
Molluszea
Bivalvia
Gascropoda
Arthropoda
Cirripedia

Mollusca
Rivalvia

Arthropoda
Cirripedia

Mollusca
Bivalvia
Gastropoda

Arthropoda
Cirripedia

Mollusca
Bivalvia

Arthropoda
Cirripedia

sponge

Spirorbis sp.

Botula?
Acmaea pelta

barracles

Mytilus californilanus

barnacles

Mytilus. californlianus

Armzea digitalis
Acmaca pelta

Barnacles

Botula califerniensis

Mytilug californianus

Pholadidsa 3p.

harnacles

13

L3 s

37

26

[
Ly S

78

118

i

140

Pards {1960)

Dayiton (1971):
Pards {1550)

Dayton (1971}
Coennell, {1970}

Dayton {1971):
Connell, (1%70)

~3



Columbellidas’
Amphissa columbliana

Mitrella carinata

Pervifera
Anneiida
Polycharta

Sedentaria

Errantia

Moilusca
Castropoda

~Arthropoda

Cirripedia
Carrion

Arnelida
Polychagzta
Errantia

Arthropoda

sponge

Cirratulidae
Dodecaceria f£istulleola?
unidenzified
Capitellidas
Terebellidae
Rabellariidae
Sabellaria cementarium
Sabeliidasn
Serpulidae
Spirerbls sp.
Nergidas
Platynereis bilecanallculata

unidentified

Acmaea nelta

Littorina scutulata

. unddentified

unidentified Crustacea
barnacles
dead fish

Neréeidas
unidentified
wmidentified Crustacea

GV RS B et s O

17

P

T



Yolychaseta
Sedentaria

Errantia

Mollusca
Bivalvia

Gastropoda

‘Polyplacophora
Artaropeds

Clrrinedia
Carrion

spongs

Cigratulidae
Dodecaceria sp.
Terebellidan
Pista pacifica
Thelepus crispus
unideatified spp.
Sabellariidae
Sabellaria cementarium
Sabellidae ’
Pszudopotamilla ocellata
unidentifled spp.
Serpulidae
Nereldse
Platvnereis bicznaliculata

Ampharetidans
Phyllocomus hiltoni

various spp.
Acmaea digivalis
Acmaga pelin

Acmasa seutunm
Tegula funebralis
Litterina srutulata

Thais lamellosa
Teddentified

Katharina tunleata
unidencified Crustacea
barnacles

N B RS

[FLRL, B ]

el

WIS N g SPR Rt

|

13

109

Lo b
T e

Lloyd
Llovyd
Lioyd
Lloyd

Lloyd
Lloyd

Lloyd

(1972)
(1872)
{1572)
(19723

(1972)

(1972)

{1972)
{1972)

{1272)
{19722

621



NUDIBRANCHIA

Dorididae
Arvchidoris
montsreyensis Porifera
Diavlula
sandiegensis Porliera
Rostenga pulchra Porifera
Aeclididae
Hermissenda
crassicornis Cnidaria

Triopha carpenterd Brynzosa
POLYPLACOPHORA

Placiphorella velsta Arthropoda

unidentified sponge

Yalichondria panicea

unidentified sponge

Hymedeswia versincolor?

Ophiitaspongia pennata

hydroids

bryozoans

live, mobile Crusiacea

Cook (1981)

Cook (1961;

MeLean {1862)

Ct1



A LIST OF PREY OF COSTA RICAN CARNIVOROUS GASTROPODS.

*OBSERVATIONS WERE MADE ON A DIFFEKENT SPECIRS OF THE SAME GENUS;

Frodator

PROSORRANCHTA
Eratoidas
Exato sp.

Cyrracidae
Cypraea atabicula
Cypraea cervinetta

Cymatdldas

Prey

Classification

Species

Cymatium lignarium

Bursidae
Bursa caelata

Muricidae
Aspella pyramidalis

Cnidaria
Chordata
Porifera

Porifera

Chordata

Mollusea
Gastropoda

Eehinodermata

Echinoidaa

Mollusca
Bivalvia

Hexamercus oorals
tunicates
unidentified sponge

unidentified sponge
unidentified tunicate

probally ests other snails

probably eats sea urchins

probably bivalves

Number of Ohservations

Present Previous
Study Studiles
#5alvind-Plawen,
(1972
*3raham {(1955)
3 #Graham (19553
5 1
1 Spight, unpubl,
2

*M111ler, unpub. 3
*Houbrieck & Fretim

{1969)

3
#M{lier, unpub.

*Spight, unpub,.

1T



Muricanthus

¢3171diﬂu

Mollusca
Bivalvia

Mollusca
Bivslvia

Cnidaria
Zoanthldea

Arthropoda
Cirripedl:

P

Arthropeda.
Cirvipedia

Artnropoda
irrvipadia

unidentifiad

unidentifiad

unidentifled

batnacles

barnacles

bivalves

bivalves

Nerita funiculata
Littoring aspava

Vor ta LLU’t&l&»&

Nariﬁa uaahf

(]

%—4

32

B

S

[ adi PA R

Paine (1966b)

Paine (1966h)



Thais melones

1.
X

Moliusca
Bivalvia

89 trDﬁOLx‘“

Afthrgpoua
Clrripedia

Gastropoda

Polyplacophora

Zolyplascphora
Arthroepoda
Cirripedia

wrussels & ovsters

Modlolius sp.
unidentifled CYBLETS
Fissurella microtrema

.

Fizsursllia virescens

unidentifisd Limpet

Cunidentified turbinld

funiculata

unidentifiec vermetids
Perirblum agdrstum

Cerithium g&ﬂmatum

ﬁrxa bulum sp.

unidentified izhalgid

Acanthochitons sp.
unidentified chlton

barnacles .
dead crab

unidentified hivalve
midertified Limper
unidentified vermetid
Cerdthium sp
Anachis spp.
unidrntified shiten

barpaclie

&N

Ll el el U PR N, B I S SR VE R ¥

[ )

FAE N ]

Lo Mo b

1

[«2)

9
Spdght, unpub.”

et



Thais trianzularis

Buceinidae
Cantharus gemmatus

Lantharus
aanguinolentus

Engins manra
phging Waiila

=3
o
H1id
g--
o
M1
oy
o
=)
O
a3
k6]
o
j}
n
s
@

Columbelldi
1

Iy R
ANANnls

daa
boivind

bdnachis dalll

Arthropods
Cirripedia

Annalida
Polvchasta
Sedentaria

Frrantia

Molliusca
Polypiaconhora

Arthropoda
Civripadia

Aunglida ‘
Polychaata
fedentaria

Annelids
Polvehseta
Sedentaria

3
)
o5
4
(%8
be)
S

1ol
(a1
Y
[
o]
je)
e
B
pn)

tarnacles

unidentified Crustacea

Baballariidac
Idanthyrus sp.-
Eunicidae
Eunice senozas

unidentified chiton

unidentified Crustaces
harnacles

Chaetopteridas

{esochaetopterus minutus

Lirratulidas

Laulleriella ep.
Splonidae
Folydore sp.

place of meac

to freshly kiiled crab, lilmpetr,

and chiton

~o

poss

L
*Millsy, unpub.’

&
#*Miller, unpub,

Spight, uupul. o



Opeatustoma
pseudndon

Mivridaa
4.1.\. ra lensg

Annslida.
Peliychagta
Sedentaria
Zrrantia

hollvu,

Arnelida
Polychasgta
Sedentaria

Azthropoda
Cirripedia

‘:/2«

Sipunculida

Sipunculida

unidentifie

Serpulidaa
Hydroides

PR

8P f
Pomatocerns
Sabellarididan
Phr H“ﬁat??hcﬁg lapidosa

[ 2

idantbvrus pennatus

unidentiiisd sp,

Splonidae

Polydora sp.
unidentified vermetid

apldoptersn wing scales

Lol £ 0

~3

|

(fzom-datritus?)

Spionidae

Poliydora sp.

tarnacles

s

FPhazeolozona
snldentifisd

i

17

sipunculld 2
83, b
glpunsulid 2

Paine {1968b)

W



tonidae

Conug giadiatoer - fpnelida
’ Pelychaeta
Errantia
Conus nux Annelide
Polyechasta
Errantia
Conus priuceps npelida
Polych ata
Errankia
Conuzs rurpurascans Chordaia

Vertebrata

Turridae
Crassisplra rudis Annalida
Polychasin

Sedentaria

Errantia

Awphinomidas

Nereddas
Pseudonerals sp.

Bunicidas
Nicidlon cariboesa
Eunice cayviboea
unidentified

Nerveldas

Eunicidae

Eunlcidae

Palols paloloddes
s

Palola sizilienses

Cilrratulidan
Torehellidas
Jeralides

NN

[

N

s

Hybakksn, pervrs,

2

\LTST . -

V¥vbakken, p2rs.
¢

Vvbakkea, pers.
e

Nybhakken. (12567)
3
#Milier, unpub,

#Miller, unpub.”



fied sp. Cnidaria {probably} hydroids 7

"i P - B e 3 s
“spight, T. M, ilnpublished paper entitled: Organization of shallow
watey marine ccmmunities;( I. Gastropods of 2 tropleal zocky shora.

2 . ey s
Endwetok Atoll: 4 Cymatium chlovostomum {Link) fe

&
£
.
2
e
=}
e
i
s
i 1<
o

oranulata in wid intertidal zone.

3

1.3
e

glsc

Eniwatok Arcll; Bursa bufonds {(Gmelin) found eating vrchine {

'

Kohn, pers. comu.), ophiurcid (2), and an anphinomid polychaeta

L

{1}. No pelychaste setae were aver founa in the Costa Rican

J s

Bursa caelata feesl pellels.

4 . "
Baje Calilornia; Solenwstelra macrospira Berry found eating barnacles
(3) and cabellid rolychastes (3). )
K]

Jamailca; Cressispiva fuscescens (1),

b

Baje California; Crassispira pluco Filsbry & Lowe found din mid

tidal zore faeding on nereids (13).



138

BIBLIOCRAPEY

\bboti « P, 1886, TFacigrs influencin e zoogzograpnic affin 285

Abboti, B, P 1966 Factors infl g th gaograp ffinind
cf Gaizpagos inshore marine fawma., In.B, J, Bownan, ed.: The
Salapagos. Univ, of Calif, Press, Berkeley., 31i3pm,

Allen, J. Do, L. ¥, Barnthouse, R. A' Preﬁt“y and D, R, Stromg. 1973,
On feliage arihropod commmitles of Fuerto Rican second growih
vegatation, Ecology ié.qumuBig : ' o

Arnold, S. J. 1972, Species densities of predaiors and rhelr prev.
Am, Nat, 106:220-236,

buelsir, A, N,, and F, G, Goff, 1971, Diversity relations of upland
foreats in the western Great Lakes avea., Am, Nat, 105:499-328,

Baker, M, .G.. 1970, Evolution in the tropics. Biotropicaz 2:i01-111,

»

Bakus, G, J.  1967,. Zdnation in mavine pastronods of Costa Rics and
species diversity. Velip er 104207~211.

e
2

T

. 13698, En@vgetl znd feedkﬁg in 5h8¢LQJ marine waters
int, Rev. Gen, Exn. Zool, 4 $275-3569,

Bertsch, H., T. Gosliner, R, Wharton, and G, Willisms, 1872, WNarursl
history and occurrence of opisthobranch gastropods fx
K

4
coast of San Mateo County, California. Veliger 143

Connell, J, H. 21861, Eff

ects of competition, predatlon by Thais
lzpillus and osthey factors on natural populations of the barnacle
Bzlsnus balancides, Zeol. Mouogr, 31:6i-104,

s

. 1970, A pr¢uﬁ*c~mprey system in the marine

WAWm -

i
region, I, Balsnus gilandula and several predatory spacies of
Thais, Ecol, Nﬁnnpra "31581-104, :

@ sy

D
o
I
)
o
=
=]
3
P
g
o
o8
s
o
™
ot
o
]
o]
h
U 2]
v
4]
[¢]
pcs
o)
[44]

ook, E, T, 1961, 4 study of food cholces of two opisthebranchs ,
Rostanga pulchra McFarland and Arceidoris monterevensis Cﬁoper)g
Veliger 43154~19G,

N f?

Dawson, E. Y. . 1982, Additions tn the marine flora of Costa Rica and
Niparasua, Farif, Hab, 3:375-295,

4



33
[
u

by 7% " - -~ L ¥ - ', 1 - - 3 o

Layten, P, ¥. 1871, ¢ ampertiticn, disturbance, and community organize
ationy tha p:uvisifn and "aa-ogueﬁt vellization of space in a rochky
R . . : o o
intertidal coemmmity, Eceol, Monogr, 41:332-38C,

Dimor, W, Jdu {eée};-“ﬁﬁgé -Ei ailcﬁi CompuTeY programs. Undv. of
L blice stic computation, No. 2, Univ, of

¥ager, B, W, 1572, Diversity: = sempling study., Am. Nai. 1056:293-310,

Feder, H, M, 19532, The food of the starfish, Pisaster ochracews, slong
the California ecocast. Ecelogy éﬁ:?zi-?Z&i

Fisher, A, G, 1960, Latitudinal varzaticns in orgsnic diveraity,
Evolntion ¢4 64~81, - e

Pleming, T. Hs 1973, Number of mammal wpec&es dn North and Camtr X1
&mevican forest cammuﬂxtlﬁ Ecelogy 431553-563,

o We 1965;. Shall growth in a natural population of tn; turbax
snsil, Tagula funebralds, &Growth 29:395-403; o

« 196%, Growth rates and longevicty of some gastyoped.
mﬁlladA on the coval reaf at Heron Isiand, Qﬁl ologia 2:232-2 J

Girahawm, &, 1955, DHMolluscan diets, Proe, Malas, Soc, London 31:144-1539,
¥

Grice, G. D., and &, D, Rart. 1262, The sbhundance, seasenal
oucutrénce and distribution of tﬁa apizoopldnkion bebween New

¢ 2012
York and Bermuda, Eeol, Yonegr. 32:287-3G%8,

Havper, J. L, 1965, The role of predation in wvegerational diversity.
Iny Diversity and stability in ecekbgical systems, Brogkhsven
Symp, in Biol., 22:48-61,

erven, 1373, Bpacies diversitiss
e £yon similsr miceohabitats :
. )

-+

m
fd
ré
s
&)
h
(3
ey
[
by
| aed
o
0
r
o
Q
3
o
For

Houbrick, J. R., and V, Fretter, 1970. Sone asp
anatomy and biology of Cymatium and Burss. Froc. Malac. Soo,
j:g?‘d - ';83 é 15"‘“’429 [

Herloext, 8. B, 197, “he ﬂancn?aep t of species diversity: a crifique
and alternalive pacsweters, Poology 32:377-586, ’




140

. T <y DE C o o ? e :
Janzen, B, d. 196%, GLeed-eaters versus seed sine, number; tomisizy,
g - - e .. : ”
sad dispersal., Evelution 23:1-27,

e 1370, H@vb~vm.es znd the anumber of tree species in
trepical foreste, Am. Nat, 104:301-528,

aad T, W. Schoener., 1968, Differences in insect
abu“adﬁfﬁ and diverzity betireen wetter and drier sites duxing
a tropical dry SE230T, “Ecology 49:96-110,

P

wre 0f avian commmities in gelected Panama

E{a}:m J. R. 3971, . St x :
, Ecol. Monegr. 41:207-232

and Iiiinois habi

rs

uﬂ
At

tuds
ﬂ‘ 4
L‘!

, aud R, B, Roth, 1871, Vegetation structunre and avi
diversity in sewveral new world areas. Am, Nat, 1051423435,

oo s

Kay, 4. 1960. The functieaal_mcrnha]cgy of Cyprasa capuersarpentis
and an interypretation of the relationships ageng the varaeec
Int, R@vue uese ﬂvdrnbxol. 45; }’Smigé

t’l&(-:"ﬂ, éxg Mq. ’j..qf}-z
885

Sea shells of tropical West América. . Stanford
Univ, Pra 1 uifs

rriae 1G84pp.

s mamg (o Le Doty, 1942, An annotated checklist of the
gastropods cf Cape Arago, Oregen., Ore. State Monogr. Studies
in Zool. No, 3, 167D,

Kchnr A, j, 1959, The ecclegy of Conts 4dm Hawaii. Ecol, Motodr, -

.+ 1965, Frod specialization in Comus in Hawali a7 d
California, Ecology 4/ 16411043, ‘

.o

) . 3967,  Enviroomeantal complexity and spécies diversity in
the gzstropod genus Conus on Indo~West Pacific rezf. platiorms,

:‘“m.; l‘)ﬂig, ig'}.fzs:’."“zsgc

2

. Mityohsbitats, abundance, and food 5f Conus on
in the Maldive acd Chagos Tslands. Leology 42:1046-1061,

e s e 158
radiation in sballowwt atar m

-

o 1971, Diwversity, veilizstd TREDUTCES and adaptive
in 471
geeanic islands, Limmol, Oveanocgr. 16¢

bl of 1
vine invertsbrates of tropical
<?°Zw3

R 4

Lewis, J, R. 1964, The acology of vocky shores. The English Univ,
Press, Lrd,, Loador, 323pp.

Yloyd, M, €. - 1972.. The biology of Q"?:l ziz dira {Mollusca:
Daztropoeda) wvith spphagis on feedi ing. Ph.h thesis, Uailv,
of Washington, Sezxttis,




141

- Enwilvrenmental factore affgcting bixd specles
:.':\Tm P’»mg Z\}atz l(:’{-} ’%?“:‘"" 3...3!' Y .

1965, Fatterns of szepies diversity. Bicli. Rew,
. 2and R. Levins, 1964, ,nhﬁﬁﬁltlpﬂ hablgat selection and
characser selection and character displacement in 3 pd techy

En

envirooment. FProc, Natl. Acvad, Sci, V. 5, 53131207-1210

. and E. R, Piznka, 1966, On opiimal use of a patchy
environment i 4]

o2 B, Pecher, and M. Cody., 1965. Op the relation betweea
hahitat selecticn znd species diversityu Am, Nata 100 19“3“_«

., and E, 0, Wilson, 1987. The the«rv of - 1sjana
biocgeography. Princeton Univ, ¥ress, ¥ rlnnetoqs N, J, .283v7p,

Marcus, E,, and E. Marcus, 19262, Studies cu Caluﬂbellidae,
’ Bol. Fac, Fil,,-Cién. Letr, Univ, San Panle, Mo, 267,

®
Zoalogis No, 2433353402,

w;, 1971, Studies on tﬁe food of pudibranchs. : Veliger

Y

Melean, J, He 1962, Fesding behavior of the chiton Plsciphorelia,
Proc, Malac. Soc. Lemdon 35:23-26,
e 19863, Mavine shells of southera Czliformia, Los
Angeles County Museum of Natural Misfory; Los Angeles,. Science

feries 24, No, 11, iG4pp.

HEchab, B, K, 1971, The structure of tropical bar fawmas. Foology
. ‘./’ - - )

Henge, B. Ao 1872, Yoraging strategy of & starfish in relation to
actual prey avai abiﬁwty and anviyoamentax pfcduetab¢1ity°
‘Eool, ¥onoges 42:25-30,

b= "1

Moynihan, M, 1871, Sucee
bifds« A'.f'i]. ﬁate 305:_?1"”383«:

Muvdoch, W, We, Re €. Evans, apd C, H, Peter 1972, Diver ity and
patters in $lants and inzects, Ecology

Mlasen, T. M. 1973, Population and raproductive biology of the
six-rayed sea star L?pLaqLeflﬂs hexantis on the protectad outer

ot

[

1

enaste PhoD, zhesis,; Univ, of Oregoen, Fuwenﬁe



X

.ﬂ
dator
logy 5

e

ﬂr
Heo

859,
food pzeftmance? -and iuter
50:950-961.,

ot
™

Hybzkken, J, - 2987,  Trelmivery ohservacions on the feeding behavior
of Conus purpurascens Broderip, 1833. Veliger. 10:55-37,

@riams, G. Ho 1%39 The nuwber of pird species in sowme tropical
forasts. Eeology 530:783-801, - .

Paine, B, T, 19662, Feod web camplaxity and species divesw sit
Am. Hat, 1D0:65-73,

& 96 b, . Fupction Qf iabial pfuw&s cowpesition of diet,
zed size of certain warine zastropods, Veliger $:17-24, '

The P*qagze Tegula interactionl prey patches,
ridzl community structure,

. 1871, A short-~term experiwmental dnvestigation oi -

R

resource partitioning in a New Zadland zcck, 1ute

tidal nadbitat,

Ecology 50:950-961,
Paris, O By 3360; Some guautititive asepects af'p“eiic T hv mu"lcid
znzils on mussels in Washimpton aeune, Veliger 224147,
Patrick, R, 1968, The structure of diatem communities in similar
seological communitics, Am, Nat, 1025173-183. :
Picaka, B, -K. 1966, latitudimal gr ad1eazs-invspecies dives Z
a review of concepts. Am, Nat, 100:32-46,
) e 1867, Lizzyd species diversity, FEcology 48:1333-351,
e 3309, Ha itat specificity, speciation, and species
Jensity in Australian desert ddzards.. Ecology 30:498-502
Pielen, R, £. 18586,  The measurement of diversity in different types
of biological collections. J. Theoret. Biol, “lzlm?éh
Porter, J4. W, 1872, Patierns of species diversity in Qaribbeaﬁ veef
“rorals, Boology 533745-748,

Recher, H., ¥, 13969, Bird species diversity and -habitat diversity in
Avstralia and Horth Awerica, Am, Nat, 103:73-80,

Rice, T, 1i4%7Z. HMarine shells of the Pacific Ccast. Eilis Rabiﬂgoﬁ
Frinting Co., Inec., Everatt; YWashingten, ¥ 2pp, :
tés, £, R., J, Calvin, and J, ¥, Hedgpeth. 1968, Batween Paeific
tides, A4th revised editlon. Stanferd Uniw, Press, Pale Alto
U
2i6pp. :



Roberison, R, 1270+ Review of he prodafors "and pavasites of stoay
is w to svmbiotic prossbranch pastvopods
f -

Salvini»?iawen; 1, 1972, Coidovis as food searces for mavine
invortebratez,.  Cohiers de Binlopgle Mardme 13:385-400.

Ssmders, H. L, }‘éﬁ, Merin: benthic diversity: a comparative study,
Am,- ¥a£, 10247 é”mZSig ' B )
Schoener, T. W, 1368, 1ﬁa
partitioning in a com

‘E’}

Sheldon, A. L. 18L&, S8pe
in strear fishes, BEeoo

. Simpseon, G, &, 1964, . Spacies densxty of Nurth Ame¥ilcan tecent
RATDALS . Syste Zoolﬂ‘lJ 3*"75e " ‘

Thorvson, G. 18532, . &ur 1et'igen Lage der marxne% Bodentier-fkologie:
Verh, de Déutsch, Zool., Ges, 1951, Zool, Anzeiger Sz plcd
1622762327, o ) |

hy in *entiq@n*a} regle

uhal¢eu wier, F. 1970, Inaular blogeography Lond,
I, Tue northern Andss of South Awmerica, Am, Nat. 1W45:373~388.7

whittaker, R. B. - 1960, ¥Yegstation of the Siskiyou: Mouritains, Oregon
and California, Eeool, Hnncgrg 309279-338

Wiihm J, L. 1968, Biumazs ﬁﬁit5 versug nunbersg of individuals in
- specias diversity measures. Leelogy 493153~156, -






