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ABSTRACT

During 1969 and 1970, we spent more than 150 hr underwater observing interaction between the leather
star, D. imb1'icata and the purple sea urchin, S. purpuratus. '1'he majority of the observations were made
in shallow (13-15 m) nearshore waters off Pt. Lorna, Calif.

The defensive responses exhibited by the purple sea urchin when contacted by the leather star indicated
the presence of a well-developed predator-prey relationship. The responses included retraction of sea
urchin podia, depression of spines, gaping and erection of globiferous pedicellariae, and usually move
ment away from the asteroid.

Within the study area off Pt. Lorna, 437 feeding leather stars were encountered underwater, and of
these, 204 or 47% were eating S. l)Urpuratu~. In contrast, previously published observations by Mauzey,
Birkeland, and Dayton (1968) on the feeding behavior of asteroids off the state of Washington indicated
that echinoids were excluded from the diet of D. imll1'icata. We suggest that (1) prey density and avail
ability, (2) search time, (3) taste or gustatory preferences of the sea star, and (4) some form of asso
ciative learning by the leather star may be responsible for the variation in the feeding behavior of D.
imbricata in different areas.

Early laboratory studies by Prouho (1890) and
Jennings (1907) described the behavioral re
sponses of sea urchins when encountered by
predatory sea stars. More recently, Jensen
(1966) recorded the responses of two sea urchin
species, Strongylocentrotus drobach1:ensis and
Psammechinus miliaris, in the presence of the
sea star Marthasterias glacialis. Since field ob
servations on the feeding behavior of sublittoral
sea stars were rarely made, the laboratory stud
ies only provided the basis for speculation about
natural predator-prey interactions between as
teroids and echinoids.

Sea urchins might appear to be somewhat im
mune from predatory attacks by other inverte
brate species because they possess such formid
able looking armature. However, Mauzey, Birke
land, and Dayton (1968) observed the sea star
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Pycnopodia hel-ianthoides feeding on sea urchins
both intertidally and subtidally along the shores
of Washington state. Leighton (1971) reported
that two species of sea stars, P. helianthoides
and Astrometis sertulifem, feed heavily on ju
venile sea urchins. Also, Rosenthal and Chess
(1970) identified the leather star, Dennasterias
imbricata (Grube) as a predator of the purple
urchin, Strongylocentrotus purpumtus (Stimp
son) off San Diego, California.

This paper examines in detail the predator
prey interactions observed between the leather
star D. imbricata and the purple urchin S. pur
pumtus in both laboratory and field situations.
Dermastel'ias imbricata is reported from Prince
William Sound, Alaska, to Baja California (Fish
er, 1930; Feder, personal communication), while
S. lJUrpuratus ranges along the Pacific coast of
North America from Alaska to Cedros Island,
Baja California (Ricketts and Calvin, 1962).
Both species occur in intertidal and subtidal sit
uations in cooler temperate climates of the East
ern Pacific; however, south of Santa Barbara,
California, the leather star is common only in
the sublittoral zone.
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DESCRIPTION OF THE STUDY AREA

The main study site was located approximately
1.5 Jan offshore from Pt. Loma, California (Jat
32°42'N; long 117°16'W). The area is within
a stand of giant kelp, Macrocystis pyrifera, and
the bottom in this vicinity is from 13 m to 15 m
deep. The primary observation site encom
passed an area about 300 m by 150 m. The sea
floor within this area is relatively heterogeneous
and is composed primarily of siltstone pavement
rocks, rocky outcrops, ledges, and intermittent
patches of coarse sand. Vertical relief is gen
erally less than about 2 m. Much of the hard
substratum was occupied either by the holdfasts
of M. pyrifera or by low standing, brown algae
such as Pterygopho1'a californica, Cystoseira
osmundacea, and Laminaria farlowii.

METHODS

Emphasis was directed towards observing the
organisms under natural conditions in the sub
littoral zone; however, laboratory observations
were used in addition to those made in the field.
Experiments in the laboratory were designed to
supplement our field observations, since it al
lowed us to observe behavioral interactions be
tween D. imbricata and S. purpuratus over a
more continuous period of time. The laboratory
portion of the study was conducted at the NMFS
Fishery-Oceanography Center, La Jolla, Cali
fornia. Experimental animals were maintained
from February through April 1970, in fiber
glass water tables which contained circulating
seawater. Water temperatures in the aquaria
varied from 12° to 11°C during the period of
observation.

The field studies are the result of approxi
mately 150 hours of underwater observations
made while scuba diving from November 1969
through November 1970. All of the leather stars
encountered underwater within the perimeter of
the study area were included in the feeding be
havior observations. In each case we recorded
the size (center of the aboral area to the tip of
the longest arm) of the leather star, and noted
whether or not it was feeding. It was usually
necessary to turn the leather star over in order
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to make the feeding observation and identify the
prey. In situations where the prey was ingested
whole by the leather star, we forced the food item
out of the sea star's mouth by applying pressure
to the aboral and oral surfaces as described in
Mauzey et aI. (1968). Measurements were made
with plastic calipers or rules, and the data were
recorded underwater on plastic slates.

Estimates of leather star density were deter
mined by swimming belt transects 4 m wide and
25 m long. Initially, these transect lines were
placed haphazardly along the bottom, running
either perpendicular or parallel to the shoreline.
However, we also placed lines in predetermined
locations where leather stars were believed to be
more abundant. Size distributions and density
estimates of the S. purpuratus, which inhabited
the study area, were determined by removing
all of the visible purple urchins from 16 ran
domly selected m2 quadrats. The quadrats were
chosen randomly along two 50-m transect lines.
One of the transect lines followed a siltstone
ledge, and the other was placed perpendicular
to the shoreline through a dense stand of giant
kelp, M. pyrifera. After removal from t!Ie
quadrats the S. purpuratus were placed into
plastic bags and carried to the surface for mea
surement and enumeration.

Three methods were used in an attempt to
determine the rate of feeding and the time ne
cessary for a leather star to digest a purple
urchin:

(1) A wire mesh cage which covered an area
of 4 m2 was placed over a natural population of
at least 50 purple urchins, and four leather stars
were introduced as predators into the cage.

(2) Leather stars were marked with num
bered disc tags which enabled us to identify and
observe individuals over extended periods of
time. The tags were attached to the aboral sur
face of the leather star with a loop of monofila
ment line. The line was passed through the
leather star's epidermis and under the calcareous
ossicles using a heavy duty needle. All leather
stars were tagged at the sea surface and imme
diately returned to the bottom.

(3) In the laboratory we placed seven leather
stars and 76 purple urchins into a 0.915 X 4.27 m
(3 ft x 14 ft) fiber glass water table. The water
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table contained circulating seawater approxi
mately 0.3 m in depth. Bricks were scattered
around the bottom of the tank to provide the
urchins additional substratum and cover. The
concentration of leather stars to purple urchins
was considerably higher than normally found in
the field; however, we felt that the increased
number of leather stars might increase our
chances to observe predation in the laboratory.

FEEDING BEHAVIOR OF
Dermasterias imbricata

The widespread distribution of D. imbricata
along the Pacific coast of North America is par
tially reflected in its feeding behavior. Dermas
terias imbricata is an active predator that feeds
primarily on benthic invertebrates, although it
has been observed feeding on algal and detrital
material. In areas containing abundant prey,
both motile and sessile in habit, the leather star
seems to exhibit a "preference" for the sessile
forms, in that sessile species are eaten more often
than the motile forms. Asteroid feeding be
havior experiments by Landenberger (1968) and
Mauzey et aI. (1968), showed that the sea star
Pisaster ochmceus exhibited preferences for
sedentary mussels to alternative food items of
fered them. Paine (1969) suggested that few
additional prey species are consumed as long as
mussels are available to P. ochraceus. Landen
berger (1968) also found thatPisaster giganteus
preferred mussels to four gastropod species
which were offered to the asteroids as alterna
tive prey. Additional observations by Rosenthal
(1971) indicated that, in nature, P. giganteus
displayed a preference for prey which was either
immobilized or sedentary in habit.

Feder (1959) felt that differences in the diet
of P. ochraceus were largely dependent on chang
es in prey availability within each intertidal lo
cation. A similar situation appears to exist with
D. imbricata, at least in those regions where
feeding observations have been made. Mauzey
et al. (1968) found D. imbricata to be a major
predator of actinians along the rocky outer coast
of Washington; yet, in'the protected San Juan
Islands, its diet was composed primarily of holo
thurians. At Waddah and Tatoosh Islands off

Washington, they observed D. imbricata feeding
on encrusting sponges, colonial tunicates, hy
droids, and calcareous ectoprocts. Other local
ities indicate still additional diets. Feder (per
sonal communication) observed leather stars
with stomachs everted on eel grass, Zostera ma
rina, in the intertidal regions of Prince William
Sound, Alaska.

Off Pt. Loma, California we have observed
D. imbricata feeding on Strongylocentrotus pur
puratus (sea urchin), Strongylocentrotus fran
ciscanus (sea urchin), Astrometis sertulifera
(sea star), Pisaster giganteus (sea star), Tethya
aumntia (sponge), Leucilla nuttingi (sponge),
Membmnipom membranacea (bryozoan), Epi
actis prolifera (sea anemone), Corynactis cali
jornica (sea anemone), Astrangia lajollaensis
(coral), Muricea californica (gorgonian), Kel
letia kelletii (gastropod) egg capsules, unidenti
fied sponges, holothurians, and detritus. Stron
gylocentrotEs purpuratus made up 47% of the
feeding observations; L. nuttingi, 13%; A. ser
tulifera, 4r;t; detritus, 27~f; and all other items
combined, 9 r;;" out of a total of 437 feeding
leather stars (Figure 1). Over a one-year per
iod, 927 D. hnbricata were examined for food
items; however, some of these observations were
repetitive in that the same leather star was re
examined on a different day of observation.

Feeding was accomplished by either ingesting
the prey whole or by everting the stomach and

§l Astrometis sertulifera

13%1 Leuci//a nuttingi
1--------'

Strongylocentrotus purpuratus 47% I
27 %I Detritus

I---------....J

02 % Sponges (unidentified)

~ Others

a 50 100 150 200 250

NUMBER of OBSERVED FEEDINGS

FIGURE l.-Leather star feeding observations (N = 437)
off Pt. Lorna, California from November, 1969 through
November, 1970.

207



digesting the prey outside of the mouth. Most
of the feeding we observed was extraoral in that
the leather star's stomach ,vas partially everted
out of the mouth (Figure 2). However, the dis
tinction between the two types of asteroid di
gestion cannot always be determined, since "some
species may digest prey partly inside and partly
outside the mouth opening at the same time,"
(Feder and Christensen, 1966, p. 96). In con
trast to our observations off Pt. Loma, Mauzey
et al. (1968) found that D. i1nb1'icatcL usually
ingested its prey whole. Again, digestion and
method of feeding appears to be dependent on
the size and form of the prey species. Often
leather stars were observed with their stomachs
extended into depressions or everted onto the
substrata. In this situation we usually could
not identify the food item; however, if the
leather star's stomach was everted and there was
no prey visible, we assumed that it was feeding
on detritus. When feeding observations from
the various regions are examined in total, the
leather star appears to have a highly variable
diet; however, when each location is considered
separately the diet becomes much more spe
cialized or restricted.

PREDATION ON
Strongylocentrotus purpuratllS

Our data indicate that the leather star is a
major predator of S. 7nt1"}nt1'atu.s off Pt. Loma.
Of the 437 D. i1nb'J'icata observed feeding, 204
or 47% were preying on S. 1JU'I'7JUwtus (Figure
1). However, this feeding behavior may be an
areal phenomenon or even specific to Pt. Loma,
since purple urchin predation by leather stars
has not been reported from other regions along
the Pacific Coast. Mauzey et al. (1968) did not
find urchins included in the diets of D. 'i1nb1'iccLta
off the coast of Washington, despite the presence
of S. 7JU!'1JUTCLtU.S, S. /1'anciscanu.s, and S. d1'O
bachiensis. All three of these echinoid species
appeared to be available to the D. 1mb1'icatcL that
inhabited these subtidal areas (Dayton, personal
communication), One explanation for the ex
clusion of urchins in the diets of leather sta.rs
off Washington might be the availability of al
temate or "preferred" prey species. The seclen-
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FIG RE 2.-De1'1naste?·ias ilJlb?'icatcL feeding on a purple
urchin 15 m underwater off Pt. Loma. Note the S. IJlL?'

PU1"CLtIlS pedicellariae attached to the leather star's
epidermis.

tary or sessile invertebrates which Mauzey et al.
(1968) found in the diets of D. imb1'icata off
Washington did not appear to be important nu
merical constituents of the epibenthic community
off the Pt. Loma study site. However, the sea
urchin population had increased to a point where
Leighton, Jones, and North (1966) suggested
that perhaps an ecological imbalance had devel
oped within these stands of giant kelp. Further,

ol'th and Pearse (1970) reported that an ap
parent population "explosion" of herbivorous sea
urchins had occurred along the coast of Southern
California.

In addition to the high percentage of leather
stars observed eating purple urchins, we found
that 51 % of all D. imb1'icata examined off Pt.
Loma had S. 7JU1'puratus globiferous pedicel
lariae attached to their epidermis (Figures 2
and 3). A laboratory experiment was per
formed to determine the maximum length of
time that globiferous pedicellariae remain at
tached to the leather star following contact with
a purple urchin. We found that following at
tachment, 3 to 4 days elapsed before the pedi
cellariae detached from the leather stars. A
D. 'i1nb1'icatcL with purple urchin pedicellariae
attached to it provided us with indirect evidence
that the leather star had either eaten, or had con
tact with, one or more purple urchins within the
last 3 to 4 days. In either case, the number of
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FIGURE 3.-Globiferous pedicellariae from S. J)IL7')JIl?'at'/Is
attached to the arm of a leather star following contact
between the two species in the laboratory.

contacts between the two species off Pt. Loma
appears to be quite frequent.

Both species are conspicuous and abundant
members of the benthic community within the
study area. St?'ongylocclItl'Olns 1m/'pw'alas was
found in densities between aand 100 individuals
pel' m2, with 30.2/m~ as the mean value within
the 16 randomly placed 111 2 quadrats, Purple
urchin density appeared to vary with the type of
substratum. The greatest concentrations of pur
ple urchins were found along' 01' within the silt
stone ledges.

We found D, imb1'icala in densities between
oand 7 individuals pel' 100 m2 in the 2,400 sq m of
sea floor that was examined quantitatively.
Leather stal'S were mo t abundant neal' siltstone
ledges and rocky outCl'OP', where the highest
concentrations of purple'tll'chins wel'e al 0 found.

In most instances leather stars were observed
feeding on purple urchin,' which were located in

holes 01' depressions (Figure 4), under ledges,
01' in the holdfasts of giant kelp. Rarely was
urchin predation observed on uniform substrat
um devoid of irregularities 01' discontinuities in
the bottom, In the field we have observed S.
jJ'II.I']J1l1'(tlus reacting to the presence of D, i1l1,
bricatn. When an approaching leather star dis
tm'bed an urchin tactually, it usually evoked a
running 01' escape response, The S, }J1tI'P'lt1'alus
that inhabited subsil'ata where avoidance ma
neuvers were possible usually escaped from pur
suing leather stars. However, when purple
urchins occupied depressions 01' irregularities
along the sea floor, they became more vulner
able to a teroid entrapment and predation.

F1Gl'RE 4.-Leather star feeding on a purple urchin.
'I'll(' sea star has pressed its oral surface into a depl'es
sion to reach the prey.

In the labora tor)' most of the purple urchins
that were preyed upon wel'e captured on the sides
of the watcl' table at the water-ail' interface.
Prec1ation, in thi case, appeared to be an arti
fact of the aqmll'ium, since the two sp cies do
not experience this water-ail' bal'l'ier in the sub
littoral zone. However, this interface was one
of the few I hysical obstacles be ides the corners
of the water table that hampered the escape of
the purple lll'chin, and thus allowed a pursuing
leaU{er star to capture it, In a similar obser
vation, Mauzey et al. (1968) found that S.
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FIGURE 5.-A size frequency histogram comparing the
162 S. JlUrpuratus prey with a sample (N = 494) from
the urchin population within the Pt. Lorna study area.

following capture. However, purple urchins
smaller than about 22 mm in test diameter were
usually ingested whole. Kjerskog-Agersborg
(1918) found that the sea star, Pycnopodia heli
anthoides, digested large prey extraorally,
whereas smaller prey were regularly ingested
whole.

Determining the feeding rate or number of
purple urchins which can be eaten by a leather
star over a given period of time was perhaps
the most inconclusive aspect of the study. The
experiment where leather stars and purple
urchins were confined within a 4 m2 area pro
vided little information on feeding rates in na
ture. Although three urchins were eaten during
the first seven days of observation, we observed
no further predation after this initial period.
We concluded that the enclosure interfered with
the normal movements of the experimental an
imals, since the four leather stars were f1'e-

jJul'jJuratus tended to move to the top of a tank
and stop when pursued by P. helianthoides in
the laboratory.

The 162 D. imbricata which were found feed
ing on whole purple urchins ranged in size (ra
dius) from 79 mm to 166 mm, with 118 mm as
the mean value. In comparison, a sample (N =
344) of the leather star population within the
perimeter of the study area contained individuals
from 50 mm to 202 mm and had a mean size
value of 108 mm. The purple urchins that were
preyed upon ranged from 12 mm to 52 mm in
test diameter, with a mean value of 34 mm and
a standard deviation of 8.5 mm. For compar
ative purposes we removed 494 S. jJurpumtus
from 16 randomly selected m2 quadrats. These
urchins ranged from 7 mm to 60 mm in diameter
and had a mean value of 39 mm and a standard
deviation of 8.8 mm. Using these data we com
pared the mean of the S. purpuratus prey and
the mean of the urchin population using at-test.
We found that at the 5% level there was a sig
nificant difference between the two means. It
appeared as though the D. imbricata were feed
ing on a smaller size class of S. lJUrpuratus than
was available to them from the urchin popula
tion (Figure 5).

Landenberger (1968) found that in the lab
oratory large Pisaster spp. tended to eat large
mussels. To determine if an optimal predator
prey size relationship existed between D. 1'mbri
cata and S. purpuratus, the size of each predator
and its prey was recorded as a point on a scatter
diagram (Figure 6). A non-parametric corner
test of association or independence was then ap
plied to these data. We found that the two var
iables (predator size and prey size) were in
dependent at the 95ji level of significance.
Therefore, no association between the size of a
leather star predator and the size of a purple
urchin prey is believed to exist. There was,
however, an upper limit to prey size in that we
observed no predation on purple urchins greater
than 52 mm in test diameter.

FEEDING AND DIGESTION RATES

Most of the purple urchins we observed were
killed and digested extraorally by leather stars
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FIGURE 6.-Size of the leather star predator vs the size
of the purple urchin prey. Open symbols indicate two
Dr more identical data points.

quently observed crawling on the frame or the
wire mesh of the cage.

Our tagging efforts in the field proved to be
somewhat more valuable. The disc tags re
mained attached to the leather stars for at least
eight months. During this period we were able
to study the feeding behavior of tagged D. im
bricata on an individual basis. The tagging pro
cedure might have inhibited normal feeding be
havior in D. imbricata; however, we observed
leather stars actively feeding within three days
after being marked. Out of 69 marked individu
als, the maximum rate of urchin predation oc
curred with a 151-mm leather star. This indi
vidual was observed f-eeding on three purple
urchins (32-36 mm) during seven consecutive
days of underwater observations.

Laboratory feeding observations were carried

out for 20 days. During this period everyone
of the seven D. imbricata in the water table
preyed on at least one S. ]Jllr]Jllratlls. One
leather star (140 mm) fed on three purple
urchins (16-38 mm) during a five-day period.
Sixteen of the 76 S. purlJUratus present were
eaten by the leather stars. The prey ranged
from 15 mm to 42 mm in diameter.

From these observations it was learned that
the digestion of a purple urchin's soft tissues
usually took between 20 and 48 hours. However,
on one occasion a 138-mm D. hnbr£cata complete
ly digested a 22-mm purple urchin in seven
hours. Fishel' (1928) reported that P. hel1"an
thoides digested the soft parts of St1'ongylocen
trotllS spp. in 24 to 36 hours. The digestion rate
varied with the size of the leather star and the
size of the prey, as well as the method of di
gestion. Large purple urchins (~22 mm),
which were usua1ly digested extraora1ly, were
not digested as rapidly as smaller urchins. As
an example, 19 hours were required for a
140-mm leather star to digest a 16-mm purple
urchin, whereas 28 hours were required for this
same leather star to digest a 38-mm purple
urchin.

As pointed out in the section on methodology,
it was usua1ly necessary to lift up or turn the
leather star over to determine whether or not
it was feeding on an urchin. In the laboratory,
when we disturbed a leather star that had cap
tured or was in the process of digesting a purple
urchin, it retracted its stomach, released hold of
the urchin, and moved away from the prey. A
similar disruption in feeding behavior was also
noticed in the field. By marking the D. imbricata
we had a method which we thought would allow
us to study the feeding behavior of individual
leather stars in nature. However, the tactile
sensitivity that most members of this species
displayed negated most of the benefit attained
from individual recognition.

One physical factor in nature which appeared
to influence predation on S. purpllratus by D.
£mbr£cata was water turbulence. The incidence
of urchin predation decreased when a long-per
iod swe1l generated a strong surge along the bot
tom off Pt. Loma. For example, on 9 ,January
1970, we recorded 48')~ of the D.imb1·icata ob-
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served (N = 60) to be feeding on S. 1JU17JUmtus;
in contrast in this same area on 3 June 1970,
only 131'; of the leather stars observed (N = 58)
were eating urchins. On the former day we
noted that it was extremely calm undenvater,
while on the latter a very strong surge prevailed
along the bottom at a depth of 15 m. We felt
that there was a correlation between water move
ment and urchin predation by D. imb1'icata, al
though we had no quantitative measurement of
this parameter. Feder (1956 and 1970) found
that populations of P. ochmceus ate much less
in relatively unprotected intertidal areas than
in areas which provided the sea stars better pro
tection from wave action.

SPECIES-SPECIFIC REACTIONS

StTongylocentTotus 1Jn1'PU1'C~t1iS reacted to the
presence of D. imb1'icata by exhibiting defensive,
as well as escape 01' avoidance, responses. No
visible responses were exhibited by S. 1Jn1']J1lrat
us which could be considered predator-induced
until it was actually touched by a leather star.
The podia or tube feet of the purple urchin
appeared to be active sites for the reception of
chemical and tactile stimuli (Figure 7). In reg
ular urchins, such as S. 1JU1'/mmtus, the podia
are symmetrically spaced and arranged in five
double rows along the sea urchin's test. These

FIGUIlE 7.-S. 1Ht?'JJ1l1'ai/l,~ with extended podia just
prior to initial contact with the ann of a leather star.
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podia are capable of extending nearly twice the
length of the primary spines and function some
what like the tentacles or antennae of other ma
rine invertebrates. If viewed from the aboral
sul'face, the area of sensory reception surround
ing S. 1JU1'pu1'atus can best be illustrated by draw
ing a circle around the urchin, 'with the locus
of the points touching the tips of the fu]]y ex
tended podia.

In the laboratory sea urchin podia were
touched with various biotic and abiotic objects
to determine which ones elicited avoidance or
defensive responses. When touched with human
skin, a glass rod, or a "non-predatory" inverte
brate, the podia in contact usually retracted and
then ,vere extended again. However, if the podia
of a purple urchin touched a leather star, the
urchin displayed dennite signs of predator
awareness: in the region of the tactile stimulus,
the podia retracted rapidly, spines were de
pressed, and the poisonous globiferous pedicel
Jariae gaped and became erect (Figure 8). In
most instances the urchins moved in the opposite
direction of the leather star stimulus.

In another experiment we tested the response
of S. pUTpumtus to additional stimuli, using the
gaping of the globiferous pedice]]ariae as an
overt sign of predator recognition. The test an
imals were taken from two populations of S.
pU·)·1JUT(~tus. One group was from the jetty in-

FIGUIm 8.-The defensive behavior of S. lI1t1·)Jtt1'CLtus im
mediately after being touched by D. imb1·icat(£.
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TABLE I.-A list of sea stars found off Pt. Lorna, Cal
ifornia. All 12 species were individually used to test
the globiferous pedicellariae response in S, purpurnt1l8,

side Mission Bay, San Diego County (lat 32°
45'30" N; long 117°14'30" W), and the other
was from the study site off Pt. Lorna. Asteroid
tube feet were selected as the biotic stimuli be
cause of the known effectiveness of this tissue in
eliciting avoidance reactions in other inverte
brate species (Bullock, 1953). Coarse; washed
sand grains were used as the abiotic control.
Purple urchins were placed individually into
glass bowls which contained seawater, and then
an asteroid tube foot, or sand grain, was dropped
onto the urchin's test. Each urchin was tested
for a 2-min period using a different stimulus
on each run. Fresh seawater was placed into
the bowls prior to each test. The tube feet of
D. imbricata elicited gaping and erection of pur
ple urchin globiferous pedicellariae in 28 out of
30 test animals. These 28 individuals had an
average reaction time of 8 sec, with a range be
tween 2 and 20 sec. None of the S. lJUl'puratus
displayed gaped globiferous pedicellariae when
either Pisaste1' friganteus tube feet or sand grains
were presented to them.

Additional asteroids that were found in the
sublittoral zone off Pt. Lorna were also tested.
The tube feet from Ast1'ometis seriulifera, Pa
tiria miniatn, and PycnolJodin helianthoides
evoked the pedicellariae response in S. PW'lJU1'
atus; however, no response was elicited when
eight other asteroid species were tested (Table
1) . It is interesting to note that the former
three species were the only other sea stars, be
sides D. imb1'icata, that have been observed feed
ing on live S. pU1']JUratus off Pt. Lorna.

Species

Artrometir seT/uti/tra
AstrClpectrn armatUJ

Drrmasttriar imhricata
Iftnri-tia It1Jiuscula
l.ind·ia columbiaf
Afediaster aequali!
{'atida miniata
Pitasttr brtvispinuJ
Piwsfrr giganttuJ

Pistlrltr ocnraceuJ
Orthastrriar korMai
{Jycnopodia hrlianthoida

+ = pediccllariae response
- = no pedicellarioe response

Reaction

+
+

+

+

The erection and gaping of the globiferous
pedicellariae initially occurred only on the area
of the urchins' test which was directly stimu
lated by the sea star's tube foot. Jensen (1966)
found that a single tube foot from the sea star,
Ma1'thastcl'ias glacialis, activated the globiferous
pedicellariae only in a restricted area on the test
of the sea urchin, Psa'/1unechin1ls mili(u'is,
whereas the sea star arm tip caused a response
from all g]obiferous pedicellariae. In contrast,
we found that the arm tip of D. imbricata. acti
vated the pedicellariae of S. lJ1lI')J1l1'atus only
in the region of the stimulus. The defensive
response and recognition of predatory stimuli
was so acute in S, lJ'llJ"pumt1ls that an arm of
a P. {Ji,qante1ls placed on one side of a purple
urchin's test, and aD. imbrica.ta arm positioned
on the opposite side elicited a response from the
globiferous pedicellariae only in the area of
leather star contact.

Defensive use of globiferous pedicellariae by
sea urchins when disturbed by predatory aster
oids has been described by Prouho (1890), Jen
nings (1907), Jensen (1966), Mauzey et al.
(1968), and Hosenthal and Chess (1970). Jen
sen (l966) reported that the poison contained
in globiferous pedicellariae of Psmmnechinus
maia,ris was not strong enough to paralyze aM.
[Jlacialis; however, it did have an irritating ef
fect on the sea star which caused it to retreat
from the urchin. We found that in some lab
oratory situations, globiferous pedicellariae bites
on the arms of D. hnbl'icata caused localized
withdrawal of gills 01' papulae, and a shortening
or retraction of the affected arm. Despite this
irritation, 90}~ of all the leather stars we found
feeding on purple urchins had from one to over
300 sea urchin pedicellariae attached to their
epidermis.

Certain groups of aquatic organisms have been
observed to respond to chemical signals 01' alarm
substances emitted by injured conspecifics (von
Frisch, 1941; Pfeiffer, 1963; Snyder and Sny
der, 1970). Recently, Snyder and Snyder (1970)
found that the tropical sea urchin, Diadcma an
tillal'mn, exhibited an alarm or escape response
when stimulated with the juices of injured mem
bers of its own species. Laboratory and field
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tests were conducted to determine if a similar
alarm response existed in S. purpuratus. A
purple urchin within a group of urchins was
crushed underwater, and the reactions of neigh
boring conspecifics noted for 5 min. In both
situations we observed no change in movement
or alteration in behavior which could be con
sidered alarm oriented following injury to a con
specific. In place of an alarm response we occa
sionally noted an entirely different reaction from
S. purpuratus in the laboratory. If a leather star
was disturbed while feeding on a purple urchin
or moved away from an urchin test following
predation, occasionally other S. purpuratus in
the aquaria approached the conspecific and scav
enged the remains.

DISCUSSION

The behavioral responses exhibited by S. pur
puratus when it is disturbed by D.imbricata
suggest a well-developed predator-prey rela
tionship. In most instances purple urchins
erected globiferous pedicellariae when touched
by the four sea stars (D. imbricata, P. helian
thoides, A. sertuUfera, and P. miniata) which
are known to prey upon them. In contrast, no
evasive or defensive responses were noted in
the same purple urchins when they were touched
by eight additional asteroid species. It appears
as though S. purpuratus either responds to sea
stars that are biochemically similar, or through
selection the urchin has acquired the ability to
recognize particular asteroid species as potential
predators.

The predator-prey association which exists be
tween these two species off Pt. Lorna, California
may be a regional phenomenon, since the rela
tionship has not been reported from other local
ities along the Pacific Coast. However, from the
responses in both laboratory and field situations
we believe that the occurrence is probably more
widespread than indicated in the literature. The
large number (47%) of S. purpuratus we found
included in the overall diets of leather stars off
Pt. Lorna, as opposed to H,e total exclusion of
this species in the diets of leather stars off Wash
ington state as reported by Mauzey et al. (1968)
is extremely puzzling to us. We can only spec-
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ulate at this time on what could account for this
variation in feeding behavior. Selection of po
tential prey by D. imb1'1~cata may be determined
by the following conditions: (1) Prey density
and availability, (2) search time or the time re
quired by the sea star to find and capture suit
able prey, (3) taste or gustatory preferences of
the sea star, and (4) some form of associative
learning by D. imbricata.

Strongylocentrotus purpuratus appeared to be
available to D. imbricata on almost a continuous
basis within the study area, since the population
of purple urchins was estimated to have a mean
density value of 30.2/m2

• Predator search and
capture time also seems to be related to the den
sity and distribution patterns of the prey, as
well as to the avoidance tactics employed by these
potential prey. Encounters between the two
species on uniform substratum usually resulted
in the escape of S. purpuratus; however, when
the purple urchins occupied depressions, holes,
or crevices along the sea floor, they became more
vulnerable to asteroid predation. In response
to asteroid predation S. purpu1'atus has appar
ently evolved countermeasures such as evasive
movement, and defensive utilization of spines
and poisonous globiferous pedicellariae. The
large number (90%) of feeding leather stars
with purple urchin pedicellariae attached to their
epidermis might lead one to suspect that these
appendages are ineffective as a defensive mech
anism. The pedicellariae, however, appear to
act as an irritant that in certain situations halts
the pursuit of a leather star and thus allows the
urchin to escape. Marler and Hamilton (1966,
p. 142) stated that "there is evidently a subtle
and dynamic balance between these different
evasive characteristics of the prey species on the
one hand and the abilities of the predators to
overcome them on the other". The taste or
gustatory preferences of individual D. imb1'icata
as compared to a leather star population has not
been explored.

From our observations off Pt. Lorna we would
expect that at least a few purple urchins would
show up in the diets of D. J'mbricata off Wash
ington, even if other species were "preferred"
above S. purpw'atus. Possibly before leather
stars prey on live urchins there is a learning
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process involved before the sea star recognizes
or associates specific stimuli with food. Tin
bergen (1960) proposed that learning was in
volved in the feeding behavior of insect-eating
birds, and that initial non-acceptance of specific
insects by these birds was due to an unfamiliarity
with these forms as prey. He further related
initiation of feeding on a new food item with
chance experience and prey density. Tinbergen
(1960) suggested that the predator acquires a
"specific search image" for the prey after being
sufficiently impressed with it from frequent
chance encounters. Holling (1958 and 1965)
studied predation on the cocooned pupae of saw
flies by shrews and mice, and suggested that as
sociative learning was an important component
in the feeding behavior of these small mammals.

Unfortunately, associative learning has been
studied in only a relatively small number of low
er animal (invertebrate) groups. Evans (1968)
discussed this form of learning in cephalopods,
insects, annelids, and flatworms. There is some
evidence to suggest that associative learning
exists in echinoderms. Landenberger (1966)
found that the sea star P. g1:ganteus learned to
associate a light stimulus with food. The asso
ciation apparently disappeared when the re
sponse to the light stimulus was no longer re
warded with food. If associative learning, with
food as a reinforcement or reward, is a compo
nent in the feeding behavior of D. i1nb1'i~ata,
then it might account for the presence of purple
urchins in the diets of leather stars off Pt. Loma.
This area contained a large number of highly
accessible S. purpuratus, and yet at the same
time appeared to be practically devoid of many
of the sessile or sedentary invertebrates that
these sea stars are reported to feed on. De1'ma
sterias imbricata probably responds to a small
class of chemical and/or tactile stimuli; how
ever, only through associative learning and ex
perience can it exploit an evasive prey species
such as S. pU1'puratus. The leather star may
not acquire the experience necessary to capture
live S. pU1'puratus in other subtidal areas that
contain alternate prey in greater abundance,
since these forms are more accessible and pos
sibly can account for the total nutrient require
ments of D. imb1'icata.
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