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In order to study predation on the polvclad Notoplana. :).ctifecla

and the holothurian Cucumaria eurnta in mussel beds at Seal Roth,

Oraos a prey-specific antiserum was pre-c.ared against each of these

ti,JG species. These antise-ra WOr& pret)ared by giving thai laboratory

t7:1ICe for-thtly of prey anti

with l'euncl's adjuvant. Two slightly different tachiques were used

for r..a tkti prey species. The titre of tho C. cuyata antiserum was

896 (xl:-.-c_sod as the reciprocal of the highest dJuti.ol of antigens

that could b. deteetod). The 'Atre of the N. acti cola was 28 but--------.
t10. 5 wee increased to 112 by using a series of three "boaster"

Injections of N. aeticola antigen in saline.

Thc resuicine antisera Wore tesl:ed for cross-retivity. with

all of the other iiteio- and. macroiaunal species present in the mussel

bed. to assure that each anlisorum was spacies-speific. The only

cross cee Lion uhe LI 41 n.2:(1 t..,as bet aeon N. ticoie an tis erum and the

mature f:ctJalc. epite of the polychaete adamanteus. It

we:; decided not remove c ha c-ross-reacting antibody



from the N. acticola

cipitin band obtained

different from the band o

mature, female T. adamane--

Gut contents of pre

and December, 1975 were tested against

eons: first, the pre-

:.igens was recognizably

,eticola antigens; second,

habitat.

e in the field between June

two antisera using a

template micreimmunodiffusion test. 71.;:. was: found that C. curata

was preyed upon only infrequently by the polychaete Nereis vexillosa,

while N. acticola was frequently preyed upon by four species, the

nemerteans Emplectonema gracile and Nenertopsis gracilis, and the

polychaetes N. vexillosa and T. adamanteus. Of these four species

E. gracile is the most important, being responsible for 97% of the

predator-related mortality acteela. No definite seasonal

trends were found with respect to this interaction between N.

acticola. and E. gracile, althouli it was shown that small (i.e.

- 0.75 to 1.00 mm body width) E. gracile individuals prey on N.

acticola at lower frequencies than larger individuals.

Examination of the Mytilus californianus community showed that

more than 60 species were present. These species were arranged in a

dominance hierarchy with regard to their ecological importance in

the community. The community was demianted by six species. Four

of these species (Mytilus c3Ufovniahus, Ea :anus criosus, Balanus

glandula and Policipos polyli!erus) provided most of the three-

dimensional structure of the community, while the remaining two

species (Collisel_!: persona end Littorina scutolata) markedly



reduced the size of the :1(irJ vth the mussel bed. Seasonal

variation was present in 1cJL he the diversity of the

species associated with -1.1e iei :::-9ecifically, the peaks

for both species number jlversit oc(Iled in late August, coin-

ciding with the highest Cj water ceratures along the central

Oregon coast.
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A Study of Predatioi; eiicola Boone, 1929 and
Cucumaria La Mussel Beds

using !:U!nique

TNTRODU(;,T1Y

Studies of predation by mnrinc invertebrates have been made by

either direct observation of feeding Paine 1965, Langenberger, 1968,

Menge 1971, Edmunds, Potts, Swinfen and Waters 1974, and Pratt 1974)

or by examination of the gut contents of predators for identifiable

prey remains (Kohn 1959, Kuttyamma 1973 and Harding 1974). The

popularity of these techniques is due, at least in part, to their

simplicity and reliability. However, with many invertebrates these

techniques are wholly inadequate. In those species with cryptic

behavior patterns, direct field observations are exceedingly diffi-

cult, as both the predator and prey are usually hidden from view.

When these species are transferred to the laboratory for feeding

experiments the laboratory environment can cause prey preferences

to be altered rather drastically; thus one does not obtain a true

reflection of the field situation. Examination of gut contents

alleviates the problems encountered with direct observation, but

this technique does not enable one to detect predation on species

which lack hard skeletal structures or from which the predator feeds

only on soft or liquid parts. Hence for a prey species without hard

skeletal parts and for a predator with cuptic behavior patterns it

becomes essentially impossible to study predation effectively, Yet

these two characteristics aro found in many roeky intertidal species
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which, because of their lee.!: ard s',;cJ_( el parts must have cryptic

behavior in order co esca e crushi feree of the surf.

Ileeeuse of thn inad es of tf.hee direct techniques several

alternati-ves have been dete ed. where identification of the

predator's gut contents is beeS on the chmical characteristics of

the prey species. These techniques can be grouped into three broad

categories: chromatography, radioactive tracers and serology. In

assessing the suitability of eaeh of these indirect techniques a

number of factors must be considered, namely sensitivity, specificity,

complexity, and reliability. Of the three techniques, the serological

technique is the most suitable in that it combines high sensitivity

and specificity with moderate complexity and high reliability.

Further, with the serological technique there is minimal interference

with the environment prior to the actual study.

The serological t chni;_tue uses the immune system of vertebrates

(West 1950). When a foreign protein or polysaccaride, termed an anti-

gen, is injected into a vertebrate, proteins called antibodies are pro-

duced. These antibodies have the unique ability to react specifically

with the antigen that stimulated their formation. In a predation

study using this technique antibodies are prepared with antigens

from the prey species. The antibodies, collectively present in the

vertebrate serum, are then rendered specific for the prey species by

removal of any antibodies which might cross-react with other species

in the study area. This prey specific antiserum is then used to

detect the presence of prey antigens in the gut contents of potential

predators.
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There were three objec Ives for .this study: an evaluation of

the adaptability of serol-gici toch;:i,lues to marine organisms, a

study of predation on selcted invertebrates, and a des-

cription of the species ass 0 ai4e microhabitat chosen

for the study. Previous piedLion su lc_; lave been concentrated

in three areas of research: identification of blood meals of biting

insects (Bull and King 1923, West and Eligh 1952, and Downe and

Morrison 1957), studies of predation on insects (Brooke and Proske

1946, Hall, Downe, MacLellan and West 1953, Fox and MacLellan 1956,

and Dempster 1960), and studies of predation on triclad flatworms

(Davies 1969a and b, Davies and Reynoldson 1969). To date however,

no predation studies involving marine invertebrates have utilized

serological techniques 21theugh from the above discussion it is

apparent that many marine organisms are suitable for use with these

techniques. Further in the serological predation studies cited

above the techniques are frequently complex, and highly variable

between different studies. Therefore, coupled with the objective

of determining the suitability of serological techniques for

intertidal predation studies is the desire to use or develop

techniques which are both simple and reliable.

For the second objective, that of a predation study on selected

marine invertebrates, it was desirable to establish a number of

criteria for prey species selection which would maximize the amount

of useful information obtained, while minimizing the possible com-

plications arising from the technique. For this study the following



4

criteria were used.

1. A minimum of two should selected from a

suitable microheLiA

2. The species used sic,dff. be reietil.,ly abundant.

3. The size of species suld that a sufficient

quantity of material for antigen ereparation can be

obtained and yet small enough to be potential prey

for a number of predatory species in the same micro-

habitat.

4. If at all possible the species used should be

phylogenetically well-separated from each other and

from the other species in the same microhabitat.

The use of two or more species is very advantageous in that

comparisons can be made between prey species which differ in some

behavioral trait such as escape mechanism. Proper selection of

both abundance and size of the prey species insures that the entire

research area will not have to be decimated to obtain enough tissue

for antigen preparation. Finally, selection of species which are

phylogenetically well-separated from the other species present

reduces the probability of cross-reactions.

Based on these criteria a number of intertidal organisms could

have been selected as the prey species. In fact, two species, the

polyclad flatworm Notoplana acticola Boone and the holothurian

Cucumaria curata Cowles.
1
were chosen because they were particularly

.The specimens used are of the variety formerly considered as

a separate species Cucumaria pseudocurata (Rutherford, pers. comm.)



well suited for this type sydy. :oth species are found pre-

dominately in deep mussel Mere :u..)::t-3ntial quantities of

detritus collect. Of fi c;?_. Sal,,;)1 i along the central Oregon

5

coast (Boiler Bay, Yaqui-nn Se ' 'Lc1; Cape Perpetua and

Strawberry Hill) both spec es .1,imum densities of approximately

SOO per square meter in a. heizontal mussel bed at Seal Rock (44°

30' N, 124° 5' W.; Figure 1). Further, the average sizes of each

species are slightly over one centimeter at Seal Rock, which is an

ideal size both for obtaining sufficient amounts of tissue for

antigen preparation and for suitability as a prey species. The two

species differ markedly in their responses to predators however.

The polyclad N. acticola is capable of escaping by rapid retreat.

MacGinite and MacGtnite 0968) observe that polyclads are rarely

preyed upon-in the field. This low level of predation is probably

due to the rapid escape response, but may also be the result of

relatively low palatability due to the presence of rhabdoids in the

epidermis (Barnes 1974).

The defense mechanism of C. curata differs considerably from

that of N. acticola. This species is very slow moving and relies

on a tough, muscular body wall and the presence of a toxin to deter

potential predators. Receiltly, Bakus (1974) has shown that the toxin

in C. curata is not present in sufficient quantities to kill gold-

fish. However, the observation that the anemone Anthopleora

elegantissima will accept pieces of C. curata viscera while reject-

ing pieces of C. curala
_
body wall (pers. observ.) suggests that



Figure 1: Seal Rock State Park viewed from the north
structural features from left to right are
beach, the inner row of sandstone benches
study was conducted), the lower sand beach

basaltic rocks.

. The major
the upper sand
(where this
, and the outer

6



Figure 2: The prey species used in this study. A. The polyclad
Notoplana acticola. B. The holothurian Cucumaria curata.

7
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although the toxin is not en ':. in tet%:. quantities it is pre-

sent in the body wall in i i es = ient to lower palatability

(Rutherford, pers. corn Fcld st:,01fes 1),,.ve indicated that two

species of starfish, Pycpee !elire ..H.,L:,s and Leptasterias

hexactis, neither of which ar in ,,,.1:jv area, fed on exposed

aggregations of C. curata (;le ,ey, Eirkland and Dayton 1968, and

Rutherford 1973). No studjes have as yet been done on predation

upon C. curata in mussel beds.

A number of questions were asked during the study. First, what

predatory species from mussel beds were preying upon the two prey

species? Second, what was the extent of the predation? (i.e., was

predation a major source of mortality?). Third, could the differ-

ence in defense mechanisms of the two prey species and the differences

in predator foraging strategies, mouthparts, and digestive systems be

correlated with utilization of the two prey species by potential

predators? Fourth, was seasonality apparent? And finally, was

there any size selection of the prey by the predator?

The third and final objective of the study was to describe the

species assemblage associated with the mussel bed. Despite the fact

that this is a popular student project in many marine ecology courses,

there are few published studies concerned with this topic. Newcombe

(1935) examined Mvtilus edulis beds in order to determine the rela-

tive importance of the species present in structuring the species

assemblage. Reish. (1964a) on the other hand studied seasonal changes

in Mytilus edulis beds. in this thesis these two approaches have
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been combined to provide a c and means of describing the

species assemblage occur hAs.



Antigen Preparation

10

Specimens of both Cucumaria curata were

collected from Seal. Rock, 0 and seven days to ensure

removal of undigested materials from the guts. Whole N. acticola

were then rinsed twice in seawater, dried with absorbant paper towel-

ing, weighed and frozen at -20°C. Because of difficulty encountered

in macerating the body wall of C. curata, only the viscera were used

for preparing antigens. After whole C. curata had been rinsed twice

in seawater the viscera were removed from each individual through a

longitudinal incision in the body wall. The viscera were dried with

paper toweling, weighed acid frozen. at -20°C. The frozen tissues of

each species were then cut into small pieces, macerated in a Tenbroeck

tissue grinder at 0°C with 0.85% NaC1 (added in the ratio of 6 ml

0.85% NaC1 to each 1 g of tissue) and lyophilized in 2.5 ml volumes

without centrifugation. The preparations thus included soluble and

membrane-bound antigens. The lyophilizing vials were sealed and

stored in a desiccator at 10°C until needed.

Later, when it became necessary to prepare additional N.

acticola antigens, the protocol was modified in an attempt to increase

the amount of antigen solution. Whole N. acticola were treated inantigen

the same manner as in the original protocol from starving through

maceration. Following maceration the homogenate was further dis-

rupted with an ultrasonic generator at approximately 75 watts for
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one minute and centrifuged. 12,100 twenty minutes. The

supernatant was carefully to:lovd, ' through a sterile 0.4S

pm Millipore filter and fron ml urtities at -20°C.

Antiserum Production

Two adult laboratory rabbits were used in producing antiserum

for each prey species. The lyophilized antigens were reconstituted

to their original volume with sterile distilled water and then

emulsified with an equal volume of Freund's complete adjuvant. The

injection schedule was similar to that of Davies (1969a) with each

rabbit receiving three fortnightly 2 ml injections of the antigen-

adjuvant emulsion. However, the first injection consisted of a

0.5 ml dose given subcutaneously under eF,ch of the four legs

(Rohovec, pers. comm.). The remaining injections were the same as

in Davies' (1969a) protocol; a 1 ml dose given intramuscularly into

each hind leg.

Beginning fourteen days after the final injection titre deter-

minations were made every second day until a peak was noted in the

titre of the scrum. For these titre determinations 1 ml of blood

was taken from the central artery of the ear of each rabbit. This

blood was allowed to clot at 10°C for sixty minutes, then centrifuged

at 1000 X g for thirty minutes. The antibody titre in the serum was

determined using the semiquantitative micro-precipitin assay described

by Nowotny (1969, pp. 155-157). Titre was expressed as the reciprocal

of the highest antigen dilution that could be daccted by the anti-

serum (Davies 1969a).
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Both of the rabbits :tcd curata antigens produced

antisera which reached a Approximately 40 ml of

blood was collected in stc 1,2 cmtnifL( Libes from the central

ear arteries of each rabbt. allowed to clot at 2.1 °C

for 30 minutes and then sir. H°(: for al) J:_ional 30 minutes. The

blood was then centrifuged at 4340 X g for 20 minutes, the serum was

removed, filtered through a sterile 0.45 um Millipore filter and

stored in 1.5 ml quantities in sealed vials at -20°C.

Neither rabbit injected with N. acticola antigens produced

antiserum with a titre greater than 14. Consequently it was decided

to obtain two additional rabbits and attempt to produce antisera of

higher titre. Antigens were prepared using the modified protocol

described previously. At the suggestion of Di COJIY. (pers. comm.)

the injection protocol was modified slign,i . The volume of antigen-

adjuvant emulsion, the timing of injet ons and the route of the

injections remained the same, but for the second and third injections

the antigen-adjuvant emulsion was prepared with Freund's incomplete

adjuvant rather than complet(! adjuvant. This change was made to

reduce the possibility of inducing tolerance in the rabbits which

would lead to greatly reduced antibody production.

Using this modified protocol each rabbit produced antiserum

with a titre of 28. The titre was increased to 112 by a series of

three booster injection similar to those of Crow.le (1973, p. 85).

These booster injections were given on three consecutive days

beginning eight weeks after the initiaJ injection with Freund's
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adjuvant. Antigens for tilcee prepared according to

the modified protocol dese-e above, as the protein content was

determined using the Lowr y in assay ELowry, Rosebrough, Farr

and Randall 1951) . The at, were J,njoeted in increasing quantities

in 0.85% NaCl; 0.1 mg of 1-1A injoet subcutaneously on the

first day, 1.0 mg of antigen injected intrauscularly on the second

day, and 10.0 mg of antigen injected intramuscularly on the third

day. Blood was collected eight days after the first injection, and

treated in the same manner as the blood collected from the rabbits

injected with C. curata antigens.

After antisera had been prepared to both N. acticola and C.

curata they were tested for cross - reactivity with all other meio-

and macrofaunal species in the mussel beds. This was done to assure

that the results obtained with the gut content analyses were not due

to heterogeneus antigens naturally present in either the potential

predators or their alte-enative prey. For these tests the animals

were starved seven days and squashed on Whatman no. 1 filter paper

(Davies 1969a). The squashes were generally 1.0 cm in diameter or

less. For larger animals, several 1.0 cm squashes were made from

each specimen. Extraneous filter paper was cut away from around

the squashes, the squashes were placed in individual 100 pl wells

of a Linbro micro-test plate; 50 p1 of 0.85% NaC1 was added to each

well, and the plate was covered with plastic film. The plate was

held at 0°C for six hours and then stored at -20°C. Prior to test-

o,
ing, the plate was allowed to thaw for six hours at 10. The
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squashes were individually ezel '.too mize the dissolution of

antigens and the fluid was ,1 off a mieropipet to be tested

using the template microie :fusi (Appendix A). In

addition to these tests rc; pee c e.i.:.;ss reactivity a single

N. acticola was allowed to e.J, on a 'r7c. of filter paper and the

slime trail left on the paper was tescell for any'reaction. This was

done to determine whether mucus left by N. acticola in the environment

could be detected with the N. acticola antiserum, and thus lead to

erroneous conclusions as to the extent of predation.

The only cross-reaction obtained was a single precipitin band

between N. acticola antiserum and the mature, female epitoke of the

polychaete Typosyl]is adamailtes. It was considered unnecessary to

absorb this antibody from the antiserum (Pavies 1969a) for two

reasons: first, the precipitin band was recognizably different

from the band obtained when the antigen was N. acticola-derived;

second, mature, female T. adamanteus were rarely found in the mussel

bed samples (only 7 of 600 T. adamanteus collected during the study).

The slime trail antigens of N. acticola could not be detected with

N. acticola antiserum.

Field Studies

A total of twenty-one samples of mussel bed, each measuring

25 cm by 25 cm on the surface weve collected from Seal Rock, Oregon

(Figure 1) between June 22, 1975 and December 27, 1975. Predators

found during collecting were transferal to a separate container.
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This was done to avoid nbnormal-predatory-behavior

during the transfer peri(:. eilection. Within one hour of

collection the gut conte rcaid from each predator (Appendix

B); squashed on hhatman ne filter ua;) -Y- and the individual squashes

placed along with 50 pl Na('.': In separate wells of a Linbro

micro-test plate. The squashes were then incubated, stored, and

tested in the same manner as the squashes used in the cross-reaction

tests. Squashes were made of the gut contents of thirteen species,

which were considered to be potential predators on C. curata and N.

acticola species. These species are listed in Table 1. Squashes

were not made of gut contents of three predatory species found in

the mussel bed; the gastropods Nucella emarginata and Nucella lima, and

a predatory mite of the genus Parasitus, N. emarginata and N. lima

individuals were frequently observed feeding, and this was exclusively

on small Balanus or Mytiius; the mite is too small to prey on either

N. acticola or C. curata (Krantz, pers. comm.).

The mussel bed samples were stored in a seawater tank and the

species present were identified and counted at the earliest opportunity,

usually within three days. Specimens were identified using the

assembled keys of Smith and Carlton (1975) and Kozloff (1974). Gut

contents were not collected from predators remaining in the samples

because of the possibility of altered feeding in the laboratory.



Laboratory Studies

Two separate laboreeey -studies vo;'e performed during the

course of this thesis. The , eTt re,.. ved to determine whether

the two prey species coup .')e tected 4..s the guts of predators

for a period of time long enough to insure that any prey eaten by

predators in the field at high tide could be detected if the pre-

dators were collected for gut content analysis during the next

low tide. For this study three predatory species were used,

Anthopleura elegantissima, Nereis vexillosa, and Hemigrapsus nudus.

Individuals of these species were starved for seven days at 10°C

in large finger bowls filled with seawater that was replenished

daily. A specimen of either N. acticola or C. curata was then

given to each predator. The N.'acticela were anaesthized with a

10% MgC12 solution in seawater to aJlow the predators to capture

them. Only C. curata viscera were used as it had been found pre-

viously that Anthopleura elegantissima rejected whole C. curata.

A total of twelve individuals of each predatory species were used;

six were fed C. curata and six were fed N. acticola. The predators

16

were allowed one hour to ingest the prey before the timing of the

experiment was begun. Four predators of a given species, two having

eaten N. acticola and two having eaten C. curata, were killed at

0, 6, and 12 hours and the gut contents removed. These gut contents

were then squashed on filter paper and tested in the same runner as

the cross - reaction tests.
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The second series es' 1v..Lotor',; experiments was to determine whether

Emplectonema gracile showA size olection of its prey N. acticola.

For these experiments ind-:1: E. ie were starved for seven days

in large finger bowls of rehA daily at 10°C. E.

gracile apparently does 0 fe..! norily unless small crevices are

available. In order to plrovide these, 12 1,1ytilus californianus, from

which all epibionts were removed, were added to each finger bowl.

Six N. acticola, ranging in size from 4 mm to 25 mm, were placed in

each finger bowl. After 72 hours each finger bowl was examined to

determine which N. acticola, if any, had been eaten.
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Ill. RP:',1i,T(1

The bulk data obtajred. 4.,:rom the cetc.,It analyses using Notoplana

acticola antiserum are by pr(,e:tory :.pocies and date of collec-

tion in Table 1. A Frepared for results

obtained. using Cucumaria curata antiserum because only three instances

of predation were found, all by Nereis vexillosa, one on July 26, 1975,

and two on November 15, 1975. The results for N. acticola. and C.

curata are compiled in Table 2. For each predatory species the num-

ber tested, the number of positive tests and the frequency of positive

tests with each of the two antisera are listed. It is apparent from

these results that while predation on C. curata is relatively rare,

predation on N. acticola is relatively-frequent. Four species,

the nemerteans Emplectonma gracile and Ncaertopsis gracilis and

the polychaetes Nereis vexillesa and Tippsyllis adamanteus gave

positive tests with N. acticola antiserum. Three of the species

E. gracile, N. gracilis, and T. adamanteus, all had relatively high

frequencies of positive tests, ranging from 0.36 to 0.73. The fourth

predatory species, N. vexillosa, had only a very low frequency (0.03)

of positive tests.

While the frequency of positive tests gives some indication of

the importance of various predators it is not an entirely adequate

representation of the field situation. For instance, a predatory

species which has a high frequency of predation on a given prey

species may be a relatively unimportant predator if it occurs at

low frequencies (i.e. - is found in only ;,-; small number of samples



Table 1: Results of gut content
none tested.

analyses using

June

Notoplana acticola antiserum by date of collection; number of positive tests/number tested, -- indicates

August Sept. Oct. Nov. Dec.July
Predator 22 22 28 13 23 26 26 10 10 24 6 10 10 10 1 15 15 13 13 28 28

Phylum Coelenterata
Anthonleura elegantissima 0/1 0/3 0/2 -- 0/1 -- 0/4 0/3 0/3 0/1 0/1 -- 0/1 -- 0/3 0/1

Phylum Neoertea
Ammhirorus irparispinosus -- 0/1 -- 0/1 0/2 -- -- -- -- -- 0/4 -- -- -- -- -- 0/8 -- -- -- --

Emnlectonema gracile 2/2 0/1 -- 3/4 13/14 12/18 -- 9/11 2/3 -- 12/22 0/3 2/2 5/5 2/3 7/10 7/9 9/10 2/3 1/1 --

Nemertonsis gracilis --. -- -- -- -- -- -- -- -- -- -- -- -- -- 2/9 -- -- 1/1 1/1

Paranemertes peregrina -- -- 0/1 0/1 -- 0/1 -- 0/1 -- -- 0/3 -- -- -- --

Phylum Annelida
Halosvdna brevisetosa -- 0/1 -- -- -- 0/3 -- -- -- -- -- -- -- -- -- --

Nereis vexillosa 0/3 -- 1/4 0/2 0/1 0/2 0/5 0/3 0/2 0/2 0/3 0/4 0/5 0/2 0/4 0/5 1/4 0/1 0/4 0/6 0/3

Tvposvllis adamanteus -- -- -- --. -- -- 2/8 1/3 3/7 -- 7/9 3/7 1/4 1/3 1/1 -- --

Tvoosyllis pulchra -- -- -- -- 0/2 -- 0/6 -- 0/4 0/2 -- 0/3 -- --

Phylum Arthropoda
Hemieransus nudus 0/1 0/3 0/8 0/2 0/1 0/1 0/3 0/2 -- 0/1 -- 0/1 --

Petrolisthes cinctipes -- 0/4 0/1 -- 0/1 0/1 -- 0/1 0/1 0/3 -- 0/2

Phylum Chordata
Clinocottus embryum -- 0/1 --

Xiphister atropurpureus -- 0/1



Table 2: Results of gut content analyses

Predatory Species Number
tested

using Cucumaria curata and Notoplana acticola antisera.

Cucumaria curata Notoplana acticola
Number of

positive tests
Frequency of
positive tests

Number of Frequency of
positive tests positive tests

Phylum Coelenterata
Anthopleura eleantissima 24 0 0.00 0 0.00

Phylum Nemertea
Vrphiporus laparispinosus 16 0 0.00 0 0.00
7mplectonena gracile 121 0 0.00 e3 C./:
Nc:ler.:cpsis aracilis 11 0 0.00 ,:, C.3:'
Ppranrrertes 1),,:ie:rina 7 0 0.00 ,

Phylum Anil Lida
Halosvdria brevisetosa 4 0 0.00 0 0.00
Y.Ereis vexillcsa 65 -3 0.05 2
.TosvIl!js athlmantcus 42 0 0.00 19 0. Y"?

T,:7,es7llis nuichra 17 0 0.00 0 0,:

Phylum Arthropoda
rairapsus ',Aldus 23 0 0.00 0 0.00

Petrolisthes ca'13ctipes 14 0 v 0.00 0 0.00

Phylum Chordata
ClinocotLus embryum 0 0.00 0 0.00
ilia sister atrc urpureus 1 0 0.00 0 0.00
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out of all the samples coil .;ei.,:,Jies in the habitat,

while a predatory specie viCc e ;.req,:,zy of predation may

be very important if it oeefti' hj ec!uencies and densities.

In order to assess the dey;ree to wh T:,yrous predatory species

are responsible for predator -ciated m.or':ality in a given prey

species, a semi-quantitative index tcimed the relative importance

value (I') was devised (Table 3). For the purpose of this thesis

the frequency of predation is assumed to be equal to the frequency

of positive tests. This assumption is based directly on the premise

that each positive test represents a single prey that was eaten.

Except for browsing predatory species such as nudibranchs this

assumption is probably valid, although undoubtedly somewhat con-

servative. If the relative importance vaiue of a. given predator

is then multiplied by 100 the result is an estimate of the percent-

age of predator-related mortality that the predatory species is

responsible for in the prey species under investigation.

Table 3 lists the relative importance values for the three

predatory species known to cause mortality in N. acticola. The

polychaete T. adamanteus was not included in this table because,

while it does obtain nutrients from N. acticola, it does not

directly cause mortality (See Discussion Section). Of the three

remaining species the ncmertean E. gracile causes an extremely
_ . .

large percentage (97.0) of the predator-related mortality in N.

acticola.



22

Table 3: Estimates of tb!
as sources of

(p. 40) for exTH.
T. adamateus as

eve .'1.5i-nce of predator species
for f:n)..Li71:1 acticola. See text

! of -!.aLionale for excluding
e G Tlity.

Predator Species
Freq. c.1'

Predat.i,

Fre.Q. Density of
Predator

Relative
importance*

Fmplectonema
racile 0.73 1.(,n 251.2. 0,97

Nemertops is

0.36 0.29 33.4 0.02gracii:is

Nereis vexillosa 0.03 0.95 55.3 0.01

* For a. series of n predator species utilizing the same prey species,
the relative importance value of the j" predatory species is
defined as,

f*.(f.)(d.)

,

-I 1: f'(f)(d)
j=1 " j

where,

thf'j = the frequency of predation by. the jpredatory species

fj the jth= the frequency of predatory species in the habitat

dj = the mean density (number/m2 ) of the j th predatory species
in the habitat
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Because of the extr- gracile as a predator

of N. acticola two addit a-ects of t; pis interaction were

studied, namely monthly 1,1 in ...requency of positive tests

(Figure 3) and the effect (:,1 bo wid in gracile on frequency

of positive tests (Figure

cyrta;.1- ot7

!)-om ein:::tion of Figure 3 it is

obvious that no definite seasonal tread wz!,s discernable during the

study period although the va1:..es for September- and October differ

markedly from the values for the other months. Figure 4 shows that

there is a definite correlation between body width in E. gracile

and frequency of positive tests with N. acticola antiserum; small
. _

E. gracile (0.75 and 1.00 mm body width) prey on N. acticola at

lower frequencies than do larger E. gracile. The factors controlling

both monthly variation and size effects are discussed more fully in

the Discussion.

The results obtained ork the mussel bed community are compiled

in Table 4. This table, as well as all other results described in

this thesis, exclude four species which were present in all samples;

Mytilus californianus, Balanus cariosus, Balanus glandula, and

Pollicipes polymerus. These species provide the basic. structural

framework for the community and because of their high densities

(particularly of B. glandula) were difficult to count. Therefore,

the data presented aro for the plant and animal species associated

with these ubiquitous structural species.

Figure 5 is the species -area curve for the associated structural

species. This graph indicates that probably not all of the species
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Figure 3: Monthly variation in frequency of predation on Notoplana acticola by Emplectonema gracile.
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Figure 4: The effect of Empiectonema gracile body size on frequency
of predation upon Notoplana aetcola.



Table 4: Meio and macrofaunal species associated with the Mytilus californianus community by date of collection.

June July August Sept. Oct. Nov. Dec.
Species 22 22 28 13 23 26 26 10 10 24 6 10 10 10 1 15 15 13 13 28 28

Phylum Porifera
Palichondria panicea 0 0 0 0 0 0 0 1 0 4 0 0 0 0 0 0 0 0 0 0 0

Phylum Coelenterata
Anthopleura elegantissima 2 8 1 0 5 1 11 3 6 3 2 1 3 1 0 1 0 0 0 5 2

Phylum Platyhelminthes
Notoplana acticola 4 2 6 40 56 15 6 7 12 0 15 4 3 2 2 15 11 21 11 6 7

Phylum Nonertea
Ammhinorus imparispinosus 5 14 2 11 6 2 1 8 15 4 17 5 11 5 3 12 9 1 1 0 3Emalectonema gracile 24 9 4 32 51 37 3 34 20 5 72 17 19 22 26 26 22 15 8 1 11Micrura alaskensis 0 0 0 0 15 2 1 0 3 3 0 0 1 0 0 0 0 0 0 0 0Nemortopsis 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 17 12 4 0 6 2

.gracilis
Paranemertes peregrina 1 2 0 6 5 2 1 0 3 1 3 0 1 0 0 1 5 0 0 0 0
Tubulanus polvmorphus 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Phylum Sipunculida
Phascolosoma aeassizii 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Phylum Annelida
Palosvdha brevisetosa 0 0 0 2 1 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0
Lumbrineris latreilli 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Lumbrineris zonata 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nereis vexillosa 3 0 4 2 1 2 5 2 3 3 3 4 5 2 1 6 6 5 5 7 4
Pseodonotamilla socialis 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 4 1
Sabellaria cementarium 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2
Theleaus crispus 0 0 0 0 0 0 0 0 0 23 0 1 0 0 0 0 0 0 0 0 0
Tvaosyllis adamanteus 25 18 8 2 23 25 6 6 19 9 59 43 49 35 91 32 52 25 64 6 6
Typosyllis fasciata 24 24 9 86 46 56 12 34 11 5 28 13 5 4 0 0 0 0 0 0 0
Typosyllis pulchra 0 17 9 11 6 15 10 39 13 1 30 32 45 45 29 24 29 19 25 1 18



Table 4 (cont.)

June July August Sept. Oct. Nov. Dec.

Species 22 22 28 13 23 26 26 10 10 24 6 10 10 10 1 15 15 13 13 28 28

Phylum Mollusca
Barleeia haliotiphila 21 11 4 9 8 34 7 35 7 27 38 91 29 37 14 13 27 9 8 IL IO

Collisella dieitalis 4 2 0 26 19 5 3 11 2 4 4 3 0 2 12 5 11 5 18 8 1

Collisella nelta 43 63 41 34 47 69 91 50 118 96 58 66 30 41 52 76 36 36. 36 49 17

Enna,losma saxicola 0 0 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0

Littorina scutulata 64 37 23 36 33 67 33 0 24 31 61 164 37 21 62 130 79 76 32 17 18

Mopalia mucosa 2 0 0 1 2 1 0 0 1 3 0 0 1 1 0 1 1 0 0 0 1

Nucella emareinata 3 1 1 1 8 1 5 5 4 2 0 1 11 0 4 3 2 5 3 9 3

Nucella lamellosa 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nucella lira 0 0 0 0 0 6 2 0 1 3 0 6 0 0 3 1 6 0 0 0 0

Odestonia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Onchidella borealis 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Protothaca staminea 0 0 0 0 0 0 0 0 0 0 0 0 2 6 2 0 3 0 2 1 0

Phylum Arthropoda
Achelia alaskensis 0 0 0 0 0 0 1 0 0 3 0 0 0 0 0 0 0 0 0 3 1

CiroIana harfordi 0 0 0 0 0 0 1 1 12 31 5 12 0 0 3 0 0 0 0 0 6

Copie7,cnathus sp. 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Erasmonus ranax 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 2 0 0

Cn.-7,risnhaeromo oregonensis 8 7 2 0 16 3 5 0 13 10 12 13 3 6 15 9 9 5 3 4 2

Eemi,:ra7'sus nudus 1 4 10 2 1 1 3 1 0 0 0 0 1 0 0 1 0 0 0 1 0

livala fr,ceTts 0 0 0 0 0 0 10 3 1 11 0 16 0 2 0 8 0 0 0 1 1

Idothea wosnesenkii 0 0 0 0 0 0 0 0 0 3 0 0 1 0 0 4 3 0 0 3 0

Limarocephalus cordicollis 0 0 0 0 13 2 0 1 0 1 1_ 3 1 1 1 1 3 3 2 3 1

Listriella sp. 3 0 0 0 0 0 2 0 0 0 0 0 0 0 0 4 0 1 0 3 0

Maera inaequipes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Melita oreeonensis 0 0 0 0 7 0 0 0 0 0 3 0 0 0 3 0 0 0 0 0 0

?:canna halei 14 10 2 0 27 1 11 8 31 12 51 51 9 5 29 17 14 7 6 8 4

Pacurus hisutiusculus 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0

Pazurus samuelis 0 3 0 0 2 0 0 0 3 1 2 0 0 0 0 0 0 1 0 0 1

Parasitus sp. 0 0 0 .0 23 2 0 0 3 1 0 0 0 0 0 0 1 0 0 1 0

Petralisthes cinctipes 0 9 1 0 4 0 0 1 5 7 0 0 0 0 0 0 0 0 0 0 4

Svnapseudes intumescens 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0



Table 4 (cont.)

June July August Sept. Oct. Nov. Dec.
Species 22 22 28 13 23 26 26 10 10 24 6 10 10 10 1 15 15 13 13 28 28

Phylum Ectoprocta
Microporella ciliata 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 3 0 0 0

Phylum Echinodermata
Cucumaria curata 1 1 1 5 10 4 38 42 4 23 80 1 2 16 26 3 3 0 4 4 10
Strongylocentrotus purpuratus 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Phylum Chordata
Clinocottus embryum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Xioh'ster atropurpureus 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Phylum Chiorophyta
Enteromorpha intestinalis 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

Phylum Phaeophyta
Fucus distichus 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0

Phylum Rhodophyta
Endocladia muricata 0 0 0 0 0 2 0 1 0 0 2 1 1 1 0 0 1 0 4 0 0
Gigartina cristata 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Total no. of species 19 20 18 20 30 26 24 22 27 33 22 23 25 22 19 25 26 21 19 24 25

Total no. of individuals 252 243 131 313 442 356 268 294 339 352 547 549 272 258 378 414 349 244 244 162 137

Diversity (H') 2.31 2.44 2.25 2.31 2.86 2.33 2.37 2.42 2.51 2.75 3.01 2.26 2.47 2.42 2.32 2.36 2.60 2.31 2.37 2.59 2.79
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associated with the MUSS:. )C,L Oregon were found.

This may be a reflection Jnal on in the community,

since the field work was e'ed -orths.

The final two grapj, ilistrat , variation in the

associated organisms; varlat i m with rcsict to number of species

(Figure 6) and with respect Io dive (Figure 7) . Each graph

shows a peak, although the peak in diversity is not large. These

results are discussed :in detail in the next section.
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Figure 6: Seasonal variation in the number of meio- and macrofaunal species associated with the Mytilus
californianus community; C)= sample taken from bed :5.10 cm in depth, 0= sample taken from bed >
10 cm in depth.
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V. DISCreN

A. Predation on Cucumaria cu-at and Not(Tlana acticola

The major sources of mortality appo:r to be radically different

in the two prey species studied. Per maria curata populations in

mussel beds predation is apparently a minor source of mortality.

This differs markedly from the results obtained from studies on open

aggregations of C. curata (Mauzey, Birkland and Dayton 1968; Rutherford

1973). In these studies the two asteroid species Pycnopodia

helianthoides .and Leptasterias hexactis were found to prey heavily

upon C. curata. In mussel beds however, C. curata is consumed

infrequently and by only a single species, the polychaete Nerei.s

vexillosa (Tables 1 and 2). Neither P. heli_anthoides nor L. hexactis

were found in the study area, but even if they had been it is doubt-

ful that they would have had any appreciable effect on mussel bed

populations of C. curata. Individual C. curata were invariably

found very deep within the mussel bed and since they are almost.

totally sedentary there is little chance that they would migrate to

the surface of the mussel bed where they could be eaten by either

P. helianothides or L. hexactis. The only asteroid species found

in the study area, Piaster ochraceus, did not eat C. curata in the

laboratory. No. P. ochraceus were collected in the samples because

they migrate to lower tidal levels during the low tide.

If then, predation is not a major source of mortality for C.

curata. populations in mussel beds, what are the major mortality
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factors? Although this quest:,on was not spcifically studied a num-

ber of inferences can be made from the available data. Apparently

interspecific competition is not a major source of mortality. C.

curata exhibits a number of ch2racte1 istics of a K-strategist; longe-

vity, iteroparity, brooding asd low powers of dispersal (Rutherford,

pers. comm.). In addition, C. curata has a high competitive. ability

when compared with a potential competitor, the sipunculid Phascolosoma

agassizii (pers. observ.). In the protected mussel beds of this study,

C. curata was 200 times more abundant that P. agassizii (Table 4),

while examination by tha author of horizontal mussel bed samples

from the exposed outer rocks of Seal Rock, Oregon showed that P.

agassizii was 8 times more abundant than C. curata. This dichotomy

is probably due to the frequent removal of large sections of mussel

bed from exposed rocks during winter storms. The patches are

recolonized by settling larvae of Mytilus californianus, creating

new habitat to be occupied by infaunal species. P. agassizii can

recolonize these new patches of mussel bed more rapidly than C.

curata due to its high dispersal powers via planktonic larvae. C.

curata, with low dispersal and small clutch size has difficulty in

recolonization of these relatively unstable mussel beds, while out-

competing P. agassizii under more stable. conditions.

It appears then that direct interspecific competition, pre-

sumably for detritus, plays a relatively minor role in mortality of

C. curata. However, since C. curata is frequently found at very high

densities (up to at least 1300.m-2)) ntraspecific competition may be
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an important source of mortality. None of the data collected during

this thesis can be used to support this contention, but the numerous

attributes of a K-strategist exhibited by C. curata make this view

very plausible.

Mortality can result from physical factors as well as from the

biological factors cited above. Although C. curata is protected fromAlthough

extreme physical fluctuation due to the "buffering" effect of the

mussel bed, some physical factors are of great potential significance.

Specifically, wave action and deep burial in sand scould cause mortality.

As discussed above, large waves from winter storms, particularly when

accompanied by drift logs, remove sections of mussel bed (Dayton

1971) along with associated organisms. C. curata removed in this

manner probably rarely, if ever, re-establish themselves in a suit-

able habitat, and probably therefore perish.

Sand may also be an important cause of mortality. The.study

area used for this study is exposed to periodic fluctuations of

large quantities of sand. Each year, much of the sand from the

beach above the study area is transported by wave action across the

mussel bed to the lower beach (Figure 1) during late spring or early

summer. This movement is reversed during late summer or early

autumn. Since C. curata is highly sedentary it is doubtful that

individuals becoming buried by sand could burrow free from the sedi-

ment. It is not known how long C. curata can survive burial although

it is known that C. curata eviscerates at low oxygen tensions. This

is not evisceration in the usual sense however. In C. curata the
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viscera are expelled throe :;'< a rupture in the body wall, a process

which they generally Jo not survive (Ruthc-ford, pers. comm.). Four

individuals were found to have eviscerated In the field. In all four

cases the individual was locotd in an anaerobic, black sand layer

at the bottom of the muss) 'pod. Burial in sand, particularly under

anaerobic conditions, is undoubtedly an important source of mortality

for mussel bed populations of C. curata in the study area.

The major sources of mortality for Notoplana acticola are very

different from those for C. curata. For mussel bed populations of N.

acticola predation is an extremely important source of mortality.

Four predators were found to prey on N. acticola the nemerteans

Emplectonema gracile and Nemertopsis gracilis and the polychaetes

Nereis vexillosa and Typosyllis adamanteus (Table 1 and 2). One of

these species, E. gracile, is responsible for almost all of the

mortality in N. acticola and the other three species are relatively

unimportant (Table 3). However, a number of other predators may be

important as sources of mortality. Unlike C. curata, N. acticola

is highly mobile, moving freely-throughout the mussel bed. Because

of this mobility any N. acticola individuals which migrate to the

surface of the mussel bed at high tide may be subjected to predation

by "littoral invader" species. Specifically this would include a

number of marine fishes. No attempt was made to assess the degree

to which these species prey upon N. acticola since this would have

required additional and cumbersome field manipulations. Two species

of marine fishes, located in the mussel bed at low tide, were tested
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(Tables 1 and 2) . As only rfle individuat of each species was

collected for gut content an,:ly! the possibility of these species

preying upon N. acticola cancit be definitely excluded.

It is difficult to assess the importance of competition as a

source of mortality in N. ac:eola. This difficulty stems from the

fact that it is not really known which species are competitors of

N. acticola. Several authors have stated, either implicitly or

explicitly, that predation reduces the level of competition between

the prey species that are potential competitors (Paine 1966, Paine

and Vadas 1969, and Connell 1972). Because of the relatively

intense predation on N. acticola, competition with other species

may he markedly reduced, leading to a reduced mortality due to com-

petition. Thus, although eomi:t,tition was directly examined

during this study, it seems plausible to suggest that it is of

minimal importance as a mortality factor in N. acticola.

N. acticola undoubtedly responds to the same physical stresses

as C. curata. As stated above, mussel bed populations of many organ-

isms escape the most devastating consequences of many physical

stresses. However, wave shock and suffocation under sand remain

potential sources of mortality in N. acticola, Of these two, wave

shock, and the accompanying loSs of sections of mussel bed during

winter storms is probably the more important. Burial is probably

a minor source of mortality as N. acticola is capable of burrowing

out of the sand.
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A number of interesinp correintihs OTC evident between the

defensive mechanisms of the prey s,,-Jcic,s and the foraging

strategies and feeding organs of their respective predators. The

sole predator of C. curat polyrte Nereis vexillosa, possesses

an attribute that is shared by only c fu,ir mussel bed species (i.. e. -

anemones and large nemerteaa) in the mussel beds at Seal Rock -

the ability to injest whole C. curata. Both of the asteriod pre-

dators of C. curata in open aggregations also possess this attribute.

Apparently this habit derives from an inability to break down the

tough, muscular body wall of C. curata by means other than the

action of digestive enzymes. Further, these predators evidently

also possess a tolerance to the body wall toxin of C. curata. The

.anemone Anthopleura elegantissima is capable of ingesting whole C.

curata but is apparently unable to tolerate the toxin. A. elegantis-

sima individuals were seen to readily injest whole C. curata, isolated

body wall and isolated viscera, but very rapidly regurgitate both

whole C. curata and isolated body wall (pers. observ.). It is the

need for these combined attributes the ability to break down the

body wall and a tolerance of the toxin in the body wall that

effectively_ puts constraints on would-be predators of C. curata.

The-constraints on predators of N. acticola are not as string-

ent. Since the defense mechanism employed by N. acticola is radically

different from that of C. curata, the characteristics of the predators

that are going to be most successful are also going to be different.

N. acticola relies heavily on rapid retreat into small, relatively
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inaccessible regions of the mussel bed. Any predator that is to

successfully prey upon N. acticola must be able to cope with this

behavioral trait. It is interesting to neT.e that of the four

species found to prey upon N. acticola three, Emplectonema gracile,

NemertoL;is gracilis and Typosyllis adamenteus, are small and vermi-

form, being capable of following a N. acticola as it attempts to

escape. Further, all three of theSe species have high frequencies

ofpositive tests (0.73, 0.42 and 0.36 respectively) while the

fourth predatory species, the large polychaete Nereis vexillosa,

has only a low frequency of positive tests. In addition, predators

of N. acticola must be able to grasp and hold their very active prey.

All four predator species have this capability; the nemerteans, E.

gracile and N. gracilis, use their proboscis and associated stylet,

and the polychaetes, N. vexillosa and T. adamateus, use an eversible

pharynx armed with either jaws (N. vexillosa) or a dorsal styliform

tooth (T. adamanteus). These capture organs are used in somewhat

different methods. In the nemerteans the proboscis is everted and

wrapped around the prey, the stylet coming to a terminal position

where it inflicts a wound on the prey. Secretions from the posterior

proboscis epithelium are pumped into the body of the prey and either

cause death or immobilization (Gibson 1972). The prey is then drawn

toward the mouth and consumed. In N. vexillosa the eversible

pharynx is armed with .a pair of movable jaws. When a prey is detected

the pharynx is everted and the prey is grasped with the jaws. The

pharynx is then retracted drawing the prey into the mouth (pers.



observ.). Finally, the stylx tooth in T. adamanteus is used in

a very interesting manner. Ace;.ding to Day (1967) the tooth is used

to wound the body of the pry and then the mouth is applied to this -.

wound. By contraction of tai:: )1,.;cular.12 proventriculus the prey's

body fluids are pumped into i1c gut of the predator. All of Day's

examples of prey attacked by this method are -sedentary, making it

difficult to understand how T. adamateus is able to extract body

fluids from the highly active N. acticola. During this study it

was never possible to observe predation by T. adamateus upon N.

acticola although occasionally specimens of N. acticola maintained

in containers with starved T. adamateus showed obvious wounds,

particularly on the posterio-lateral margins of the body. In no

instance did T. adamaceus cause mortality in N. acticola.

40

One of the predatory species found in the mussels beds, the

anemone Anthopleura elegantissima, has a number of characteristics which

would seem to make it an important potential predator of N. acticola.

A. elegantissima lacks the ability to follow N. acticola like the

predators discussed above, but relies instead on "ambushing" .its prey.

Unlike the A. elegantissima found in open aggregations, the A.

elegantissima found in mussel beds are not clonal, but solitary.

Generally these individuals arc attached to a mussel shell and

their tentacles are extended into a crevice. Small animals venturing

into the crevice are promptly stung by nematocysts and transferred

to the mouth by the tentacles. This scheme would seem to be ideally
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suited to capture of N. acticoil, but no positive tests were obtained

from analyses of gut contents from A. elevntissima. This result is

easily explained. During Li:ee-Faory feedings of live N. acticola to

A. elegantissimn it was diseevcied that N. acticola responds very

violently to attack by A. ele2,antissima. I mediately upon discharge

of the nematocysts by A. -eleantissima, N. acticola undergoes almost

explosive undulations, thereby breaking free. This response was much

more vigorous than any seen with other predators and almost always

resulted in escape.

Several investigations have found that along the Pacific coast

of North America there is definite seasonality in rates of prey con-

sumption (Paine 1969; Menge i971). Specifically, there is a reduc-

tion of feeding by the predafor during the winter. This reduction

is believed to be due to reduced activity and energy demands of the

predator brought about by lowered temperatures. The data obtained

on monthly variations in frequency of positive tests in E. gracile

do not show this seasonality (Figure 3). This lack of any evident

seasonal trends may be only the artifact caused by the short study

period. The lowest temperatures of the year are recorded in this

location during January and February (Elvin, 1975) and since the

study ended in December any seasonal decline may have occurred after

the study had ended.

An interesting aspect of the monthly variation in Figure 3 is

the very low value for the month of September followed by a very

high value for October. While it would be desirable to have
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observations from several conecutive years to see if this is a

regular phenomenon, its occurrenee in 1975 was real and calls for

an explanation. Several fact are believed to be operating to

cause this phenomenon. Onc such factor i the seasonal movement of

sand as discussed above. During Scprembei-, when much of the sand

movement is occuring, the in!jannal organisms in the mussel bed must

expend a good deal of energy to avoid being buried by sand. Because

of this, less time is available for foraging and consequently fewer

prey are eaten. In October, after most of the sand movement has

already occured, the predatory species may compensate for the month

of reduced foraging success by spending more time foraging and thus

obtaining an increased number of prey.

While the sand movement is probably an important factor, other

factors may also be operating. One potentially influential factor

is sampling error. This may be important in this case, particularly

during October when only 7 E. gracile were tested. This small sample

size may account in part for the high October value. Finally, there

is one additional factor which may have contributed to the low Sept-

ember value, that is mutual interference between individual E. gracile.

MacLeod and Valiela (1975) have shown that predator success (measured

as the number of prey eaten per predator in a standard unit of

time) decreased as the number of predators of a given species

increased in the habitat. A similar situation may be occuring in

the Septcmber samples. Of the two samples collected in September

one had an extremely high (72) number of E. gracile, which may have
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led to mutual interference among E. :!rocile causing a reduction in

the number of N. ncticola eaen. Because, 22 of the 25 E. gracile

tested during September came from this sample this could have

effectively lowered the freqe( key of positive tests during that

month.

One further aspect of predation on N: acticola is of interest,

that is the effect of size in either N. acticola or its predators on

the frequency of positive tests. Initially it was hoped that after

the predators of both C. curata and N. acticola had been determined,

laboratory experiments could be conducted to determine if there was

any size selection. by the predators. Unfortunately, since predation

on C. curata was so infrequent it was not possible to perform the

necessary experiments. A different set of problems arose with the

predators of N. acticola. While one predator species, N. vexillosa,

consumed prey in the laboratory, the other three predator species,

E. gracile, N. gracilis, and T. adamanteus -fed only rarely. With

these three predators only one observation of actual prey consumption

was made during the three weeks devoted to laboratory studies; a N.

acticola was consumed by an E. gracile. No prey were eaten by N.

gracilis in the laboratory and while feeding was not actually

observed in T. adamenteus several N. acticola showed wounds'that

were apparently from attacks by T. adamanteus.

From the few positive results that were obtained some general-

izations can be made. First, all five of the N. acticola fed upon

by N. vexillosa were large (15 mm long) individuals. Apparently
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very small N. acticola were dJf:ult fc vexillosa to grasp with

their jaws. The N. vexille were large individuals of at least

120 mm length. Presumably' SNaliCr N. vexillosa could capture pro-
__

portionately smaller N. acticola. Only twc direct observations were

made of feeding on N. actieola 1)y E. racile, one in the laboratory

and one in the field. In both cases the prey were very small N.

acticola, 1 to 1.5 mm in width by 3 to IS mm in length. The wounded

N. acticola taken from bowls with starved T. adamanteus were fairly

large, ranging from 12 to 23 mm in length. The wounds consisted of

small, ragged-edge pocketings of the posterio-lateral edge of the

body. It was not possible to determine whether the wound was caused

by the removal of internal body fluids or by the removal of an

intact piece of tissue.

Although these data are not conclusive it appears that the four

predator species may be divided into cwo groups, each of which feeds

on a different size range of N. acticola. The nemerteans may be

effectively limited to feeding on only small N. acticola. As a

general rule nemerteans cannot swallow prey that are larger in dia-

meter than themselves (Jennings and Gibson 1969; Roe 1970). The two

observations of feeding by E. gracile conform to this rule. The

polychaete species on the other hand apparently utilize only medium

or large N. acticola. As discussed above in N. vexillosa this is

probably due to the inability of large individuals to capture very

small N. acticola. In T. adamanteus however, the mechanism by

which only large N. acticola are attacked is not known, due at least
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in part to a lack of knowledge a..; to the prccise technique used for

feeding by T. adamanteus.

During this study it vas fo:Ind that t body width of E. gracile

correlated with the frequency of posi'cive tests with N. acticola

antiserum (Figure 4). Large E. gracile (i.e. body width of at

least 1.25 mm) had a remarkably constant frequency of positive tests

of approximately 0.80; smaller E. gracile h d lower frequencies. The

exact causal factor is not known but it is believed to be due to

difficulties encountered by smaller E. gracile during ingestion of

N. acticola. As pointed out above, nemerteans which feed on vermiform

prey generally cannot ingest prey with a body width greater than their

own. The smallest and presumably youngest N. acticola collected dur-

ing this study were approximately 1 mm in body width placing them at

the upper size limit of prey that could be ingested by the two smallest

size classes of E. gracile. Presumably this relatively large prey

item can be ingested only with some difficulty. This difficulty may

operate to reduce the suitability of N. acticola as prey for small

E. gracile.

B. Species Associated with Mussel Beds

The species assemblage associated with the mussel beds at Seal

Rock, Oregon is environmentally important to the predator -prey inter-

actions being examined. By careful study of this assemblage it was

possible to gain a greater understanding of predation on the selected

Trey species.



46

Newcombe (1935) used aR mpiricalhic,rarchy to describe the role

of various species in controlling the biotic composition of the mussel

bed community. He listed six categories of decreasing importance;

dominants, codominants, subdc.;mirlants, influents, subinfluents and

secondary forms. Using this scheme it was possible to categorize the

mussel bed species assemblage at Seal Rock. ax species can real-

istically be considered as being dominants in the community. Four

of these species, the mussel Mytilus californianus and the barnacles

Pollicipes polymerus, Balanus cariosus, and Balanus glandula are

important because they constitute the major portion of the three-

dimensional structure of the community. The fourth species, B.

glandula, while not as large as the other three species,-is never-

theless very important due to its high densities. Specifically

this species is responsible for the clumped distribution of both

Notoplana acticola and its major predator Fmplectonema gracile.

Small N. acticola individuals (1 to 1.5 mm body width) are found

almost exclusively within dense aggregations of B. glandula, while

larger N. acticola are more widely distributed in the mussel beds.

The reason for this highly aggregated distribution of small N.

acticola is not known, although there are two possible explanations;

first, B. glandula may be preyed upon by N. acticola (Hurley 1975)

or second B. glandula aggregations may be used by small N. acticola

to escape predation by E. gracile. As discussed above E. gracile

preys very heavily on these small N. acticola, and its presence

. within B. glandula aggregations is probably due to the high densities
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of N. acticola present thcv. t) yton (071.) states that E. gracile

preys upon B. glandu3a but tios as not been observed during the

course of this study. Al! ei ii ev)dcace collected suggests that

E. gracile may in fact be is ying on i,mal almost totally trans-

parent N. acticola when if might superi:icially appear that they were

preying on B. glandula.

The remaining dominant. species, Littorina scutulata and Collisella

pelta, do not contribute significantly to the physical structure of

the community, but are exceedingly important as a result of their

effects on species composition. Both species are herbivorous and

by virtue of their high densities effectively deter colonization by

marine algae. L. scutulata and C. -pelta are so effective that no

prominent algal species 2ro present in the study crea; this is in

contrast to the structures reported by Newcombe (1935) and Reish

(1964a). As a consequence Newcombe's second category, codominants,

which is composed of important algal species, is not represented in

the study area.

The third category, subdominants, contains a wide variety of

species; the polyclad Notoplana acticola, the nemertean Emplectonema

gracile, the polychaetes Nories vexillosa and Typosyllis adamanteus,

the gastropods Nucella emarginata and N. lima, and the brachyuran

Hemigrusus nudus. All of these species exert strong influences on

the species composition of the community. The interactions of the

first four species have been discussed above. In addition, N.

vexillosa appears to be an important omnivore. Of 65 N. vexillosa



that were used for gut content a:ealysis thc following prey were

detected either by serology or microsopic ai!alysis: 3 C. curata,

2 N. acticola, 4 Mytilus canforanus, 1 Prleeia haliotiphila,

1 Cirolana harfordi and 1 cnithetified lig. The two gastropods

N. emarginata and N. lima are both imporo;:t predators of small

Mytilus and Balanus. The brachyuran.H. nudes is another important

omnivore.

The remaining three categories. are of little importance and

for brevity will simply be listed:

Influents

Anthopleura elegantissima (anthozoan)
Typosyllis pulchra (polychaete)
Barleeia haliotipbila (gastropod)
Gnorimosphaeroma oregonensis (isopod)
Munna helei (isonod)
Cucumaria curata (holothurian)
Endocladia muricata (alga)

Subinfluents

Amphiporus imparispinosus (nemertean)
Collisella digitalis (gastropod)
Liparocephalus cordicollis (insect)

Secondary forms

All remaining species (see Table 4)

One of the most obvious characteristics of the mussel beds at

Seal Rocks, Oregon, as pointed out above, is the paucity of algal

species. This undoubtedly has a marked effect on the species com-

position of the mussel bed. Specifically algae frequently form a

"canopy" which provides protection from desiccation and wave action

for less hardy organisms (Dayton 1971, Connell 1972). It appears,

48
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then, that heavy consumpt.ori 07 by browsing herbivores such

as L. scutulata and C. ja,,lt, mav lead not only to a reduction in
,

the density of algae but L1 s0 to the exclusion of some species that

are dependent upon the alae or protection.

Seasonal variation was apparent in the mussel beds at Seal Rock.

The largest number of spec (Figure 6) and the highest diversity

(Figure 7) both occur during the month of August. Reish (1964a)

found that the number of species associated with the mussel (M.

edulis) beds in Alamitos Bay, California, reached a peak when the

ambient water temperature was at its seasonal high in either August

or September. The same phenomenon is apparently operating in the

study area, since the highest water temperatures occur in August

(Elvin 1975) thus coinciding with the peaks in number of species

and diversity.

The exact mechanism causing this peak during the period of

highest water temperatures is not fully understood despite the

fact that heavier settlements of marine benthic organisms are known

to occur during the warmer months of the year (Coe 1932, Johnson

and Miller 1935, Coe and Allen 1937, Graham 1945, Anonymous 1952,

Reish 1961, 1964b). Reish (1964a) gives three life history patterns

that can lead to this summer peak in abundance; 1) one life cycle

per year where the larvae settle in the spring, grow during the

summer and most die in the autumn 2) many, successive spawnings

during the spring and summer, followed by a population decline in

the autumn, and 3) a few larvae of species from other ecological
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niches settle in the muss(J Lod and miry survive until environmental

conditions become harsher in Th.? vutm-n Untortunately the life

histories of most of the spor. es present in the study area are not

known, making it essentially mpossible to determine which species

are characterized by each of .t! three life history patterns listed

above.

Seasonal fluctuations of sand, discussed above with reference

to its possible effect on feeding in E. gracile, may also have an

effect on the mussel bed community. The data obtained during this

thesis cannot be used to provide conclusive proof for this hypothesis,

although it does suggest that the hypothesis may be correct. Careful

examination of Figure 5 shows that prior to September, values for

both shallow beds (i.e. < 10 cm in depth) and deep beds (i.e. >

10 cm in depth) had relatively high values, while after September

values for both of these classes had dropped to lower-levels. It is

this rapid decrease in the number of species during September that

suggests that the sand may have had an adverse effect in addition

to that caused by a general decrease in water temperature.

C. The Value of Serological Techniques in Marine Studies

The techniques used in this study differ somewhat from those

in the literature. In particular, during this research every attempt

was made to use only those techniques which were simple enough to be

used by the average marine ecologist, and yet yield acceptable

results. Clearly, this objective has been achieved. Each of the
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basic steps in the seroloHc,11 teohniquo - preparation of antigens,

production of antiserum, tcs:ting with. j_gmunodiffusion methods -

utilized protocols that Wefe acid effective.

But, how widely can, u7. should, tl!i; technique be applied to

marine invertebrates? In order to properly assess the value of the

technique it is necessary to critically examine its advantages and

disadvantages. As discussed in the Introduction, serological

techniques offer a number of advantages, particularly when studying

cryptic or soft-bodied species. But these advantages are counter-

balanced by several disadvantages. While most of these disadvantages

are relatively minor, one is of extreme importance. That is, the

virtual impossibility of quantifying the number (or biomass) of prey

eaten. While it is possible to determine the quantity of prey anti-

gens in the gut it is impossible to infer from that the number of

prey eaten, since a given quantity of antigen could result from a

single prey eaten shortly before collection of the gut contents, or

a number of prey eaten several hours before collection.

Under certain circumstances, this difficulty may become the

major determining factor in the selection of this technique.

Obviously, in those situations where it is necessary to measure the

number of prey in the gut, this technique is all but useless. How-

ever, in those situations where this information is not critical

and where the "direct" techniques cannot be used this technique is

of supreme value. Thus the conclusion is that although this tech-

nique is not a panacea for all of the difficulties that arise in
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predator-prey studies, it is still inccuparably valuable under

specific conditions.
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APPENDIX A

Template Microimmarlodiffusion Test

Template Construction (see Figure 8)

The templates used in the study were constructed of 3 mm

(one-eighth inch) thick, clear Plexiglas and were cut to the same

dimensions as a standard microscope slide (75 mm by 25 mm). Each

template was drilled with a total of thirty-six holes arranged in

three equal rows of twelve. All the holes were 2 mm in diameter

and were spaced 6 mm apart measured center to center. In order to

support the template while in use and to produce a uniform gel

layer under the template, 3 mm square spacers were cut from 0.5 mm

thick polyethylene. Eight of these spacers were distributed evenly

around the edges of each template and cemented firmly to its lower

surface.

Protocol

1. Thoroughly clean an equal number of templates and
microscope slides.

2. Place the slides on a clean surface and using a fine-
bristled brush lightly coat the upper surface of each
slide with a boiling solution of 0.2% agarose in dis-
tilled water.

3. Dry the coated slides on a hot plate (45°C).

4. Seal the upper surface of each template with clear
adhesive tape. This prevents the gel from later
entering the holes of the template.

5. Support the coated slides on applicator sticks with
the coated surface uppermost.
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Figure 8: Template used for microimmunodiffusion tests in this

study.
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6. Place a template och 51(l: that the template
is supported by the snJecrs on it:; lower surface. The
template should be i-ightly or5.st (approximately 2.
mm) to form a porh. 1-:J aleng one long edge of the
microscope slide.

7. Pipette hot 0.8% :M.TOSO solutio7; (0.8% agarose in
0.85% NaC1 with 0.1.4 methioine) along the pouring
lip, carefully forcing 0.5 mi of the hot agarose
between the template and slide.

8. Carefully slide the template into alignment with the
microscope slide.

9. Cool the completed gels in a humid chamber at room
temperature for thirty minutes and then harden the
gels for ten minutes at 10°C.

10. Carefully remove the adhesive tape from the upper
surface of each template.

11. Place the gut contents in the center row of wells and
the appropriate antiserum in each of the outer rows,
using just enough fluid to fill each well (approximately
10 pl).

12. Incubate the tests in a humid chamber at 10°C for
24-48 hours.

13. Examine tests in darkened room using an indirect light
source (see Crowle 1973, page 202, for construction of
the light source), and note results.

14. To clean, separate the templates from the slides and
remove as much of the agarose as possible.

15. Soak the templates and the slides for fifteen minutes
in hot tap water to which detergent has been added.
Remove all of the remaining agarose and rinse both the
templates and the slides in successive rinses of tap
water, distilled water and 95% ethanol. Dry both the
slides and templates thoroughly and store in a dust-
proof container.
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APPENDtY li

Colle:'tion of Consents

During collection of !: contents from predators every attempt

was made to remove all extraneous tisr.ues from around the gut before

squashing. However, in many cases it was impractical to do so.

Anemones

Gut contents were removed from specimens of the anemone

Anthopleura elegantissima through a longitudinal incision in the

body column, The anemone was placed on filter paper and pressure:

was applied to the column forcing the gut contents out onto the

filter paper.

Nemerteans and small polychaetes

Because of their small size nemerteans and polychaetes of the

genus Typosyllis were squashed without prior removal of the gut.

Whole specimens were placed on filter paper, cut into small pieces

with a scalpel and squashed.

Large polychaetes

Removal of the intact gut from the large polychaetes Nereis

vexillosa and Halosydna brevisetosa proved to be both tedious and

impractical. As a workable alternative the body was severed and

the gut contents forced out of the anterior portion of the body

through the severed end. Using this techniques the gut contents,

together with coelomic fluid, were collected from the anterior
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third of Nereis vexillosa and the anterior half of Halosydna

brevisetosa specimens.

Crabs

In order to collect 'tit contents from the crabs Petrolisthes

cinctipes and Hemigrapsus n; it was necessary to carefully remove

the carapace. This was accomplished by cutting through the articula-

ting membrane between the carapace and abdomen. This cut was then

extended along both sides of the carapace just dorsal to the two

posterior pairs of walking legs. The carapace could then be care-

fully removed with a pair of forceps. The cardiac stomach, situated

between two lobes of the digestive glands on the inside of the cara-

pace, was removed with a pair of fine forceps and squashed.

Fishes

The fishes Clinocottus embryum and Xiphister atropurpureus were

killed prior to gut content removal by forcing a dissecting needle

into the brain. The stomach was then removed through a midventral

incision and squashed.


