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THE UTILIZATION CF ECHINODERMS AND OF GASTEROPOD MOLLUSKS '
(By H.'P. Kjerskog-Agersborg, B.S., M. S., Department of Anatomy,

Long Island College Hospital, Brocklym, N. Y., in The american
Nafurallst Vol. LIV, No. 63lj, September-October, 1920, pages L1L-L26. )

The Puget Sound region, in the State of Washington, is noted for the

© wonderful abundance and diversity of its fauna. The region is also noted.
‘o for its several groups of archipelagoes, of which the San Juan Archipelago

'13 an e%peczally'beautlful one,

Around the shores of thpse islands, echinoderms are found in great

profusion. Particularly noticeable are the common forms of starfish, sea
. urchins, and sea cucumbers. The most common starfish are Plaster ochraceus

and Evasterias troschelli, which show, respectively, considerable subsian-
tive and merestic varinoion. In the environs of Bremerton, the latter finds
more congenial conditions than any of the other common specles, and there

" 4% occurs in a ratio of 25 to l; of the former, while in the San Juan island

croup, P. ochraceus is by.far the most numerous. Besides these two spenies,

P. paucispinus and many others are also found, but in smaller numbers. The
Twenty-rayed starfish, Pycnopodia hellanthomdes, occurs guite plentifully

at varlous places, e.g., Bremerton, Griiiin Bay, BEast Sound, etc. Sea urchins,
Stron;ylocentrotus drobachicn%1s, Sn ourpuratus, (S franc1scunus are very
numerous, especially the former. it Tow-water, '5. drobachiensis may be

seen in the bays of the northern part of the sound in large patches, and

at a depth of only four meters. S. franciscanus, whlch becomes very large -~
7 to 13 centimeters in diameter ~ is found Just below low-water mark; 1

have seen it in large numbers in the vicinity of the Bilological Station

at- Friday Harbor.  The most noticeable species of sea cucumbers dre Cucumaria
japonica (Semper), C. chrondjelmi (Theil), and Stichopus californicus

: (Stimpson) Edwards. - G. chrondjelmi is exceedingly abundant near the Sucia

Tslands, All these species may be obtained by dredging, and C. japonica
may be picked by hand at low-tide.

0f all the cchinoderms, common starfish, Plaster Evasterias, etc.; are

 most easily obtained. They occur within the lower limit of the average ebb-

tide and sometimes in such profusien that eSpec1a1ly when the stars are
brightly colored, they may be seen at half a mile's distance. Their occur-
renee is 1ndependent of tOWn s1tes, being dete%mined bj the nature of food
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. as bait in the sardine fisheries; and through Professor Kincaid, I am informed

" "Frutta di mare," and in the West Indi@s "Sea epgs," are sold as food, but

lupus, and A. minor; Lycodes esmarckii; Plcuroncctes microcephalus, and P.

. tained cchinoderms (Asterias, 'Fchinus, and Ophiocoma), and out. of 12 haddock
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available. Shorcs well supplied with barnacles usually have a large number

of starfish. And the fact that they are abundant at a distance from towns
adds to the desirability of their use as a food product. The parts of the
starfish and sea urchins utilizable as food arc the gonads. During the breed-
ing scason, these grow enormously, so that in the starfish the body becomes

- twice its normal size, the gonads completely filling the gastric cavity.

The part of the sea cucumber utilizable as food is the muscles.

Fchinoderm gonads as a food commodity Would be the object of an 1ndustry
of annual periodicity like the salmon industry. A4s the spavming season of
starfish and sea urchins comes in the spring, the canning of the ros could
be well completed before the salmon season begins; or the making of achino-
derm gonads into caviar might well be done along with the canning of fish,
whether salmon or otherwise. The gonads of the various spocies of the larger
starfish arc ripe in April; those of the sea urchin, in June, as regards
species of the north Pacific coast.

There can'be no question about the advisability of using the spawn and
muscles of echinoderms as food, even in a country where all kinds of food
are as plentiful as in the Uhlted States. ‘The question is rather how to
utilize this part of nature's storehouse to the best advantage for manikind.

Barbicr (1908) statcs that the native of Madagascar have developed a
considerable industry in the utilization of starflsh, sea urchins, and sca
cucumbers as food., In 1902, the markctable quantity of sea cucumburs repre-

- sented a value of'l?S,OOO francs The province of Tulear produced alone

30 tons, but the.lack of -necessary labor prevented further production that
year.- ‘ -
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Taylor (1908) rcports an intercsting fact, namely, that the Arctic Fox
of thc Aleutian Islanda, so highly valued for 1ts beautiful fur, feﬂds, in
winter, on echinoderms, e.g., scva urchins. - i

. : ; ¥
Reagan (1907) claims that the sca wrchin (Strongylocentrotus drobachisnsis)
is used by the Pacific coast Indians as food. ' 4

In conversation with the United States Commissioner of Fishoriss’ (1916)
I learned that the roe of starfish is being. used in France as food and also

that cértain species of sca urchins, which in the market of Naples are called
I have not had the opportunity to consult literature on these points.

Brunchorst (1898) shows that a number of excellent food fish common to
the coast of Norway feed on echinoderms, and montions especiallys: Anarrhichas:

platessa; obhers not used as food fish but which feed ‘on echinoderms are :
A. latifrons, P. cynoglossus, and Galcus vulgarus. Perhaps other food fish
Such as Gadus callarias and G. pollachius also feed on cchlnoderms, as I

have at least found at times Tsmall starfish 1n thclr stomachs.

Carr (1907) found that out of 150 starry rays (Raia radlata) ten con-

(Gadus aeglefinus) two contalned echlnoderms {Ophiocoma). Three out of 13 -
Wolf*flsh (Anarrhlchas lupus) contalnod GCthOdOPMu-- In 1908, the same author B
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tabulated observations on 370 common dab (Plourenectes limenda) and showed
that out of this number, 56 contained echinoderms, e.gy, Ophiuroids and
Fchinoids; 5 long rough dab (Hippoylossus limandioides) out of 60 fish con- |
tained Ophiuroids; 10 out of 25 G. aceglefinus, contdined echinoderms T
(Cphiuroids and Bchincoyamus), and one gray gurnard (Trigla gurnades ) !
out of 150 fish also contained echinoderms. - :

.

From the findings of Brunchorst and Carr, it is'seen that various kinds

of fish feed o cchinoderms, Wheénce the suggestion that echinoderms be used
‘as bait. However, it may be that for a number of forms echinoderms aro ro-

sorted to only when othéer food is out of reach, though the common dab, accord-
ing to Carr, appears to cat them during the greater part of the yeor. The

“‘long rough dab feeds less on cchinoderms than the common dab, perhaps owing

to a difference in migration hablits of the two.

A large part of an echinoderm industry would be bi-products, since the
main bulk of the starfish consists of material best suited for guano. No
absolute waste material need remain; all of the animal may be utilized.
Indirectly,; the shellfish industries would be bencfited by rcducing the num-
ber of starfish in regions where shellfish live, as various forms of-star-
fish feed on morkotable shellfish. Lebour (1916) makes an intcresting state-

-mente ‘

The russels on this coast have not many enemies, but by far the
most important of these is tho starfish, Asterias rubens, which con~
stantly preys upon them. A formerly flourishing bed near the Tyme
~has. lately been exterminated by this starfish and it is a bad enemy
evorywharc. Purpura lapillus (a small gasteropod) devours the mus-
sels on the soaup, Holy island, and here in parts the devastation
caused by this small and very destructive mollusk is great. It does
not, however, appear to be a scourge elsewhere. The only possible
way of dealing with such foes would be to destroy-all starfish when-
‘ever found, and to collect the Purpura lapillus systematically, and
also its spawn, and destroy bhoth. '

Kellogg (1910)3records nothing favorable about.the starfish. To him it is
a pest.
The removal of these pests has always byen o very difficult matter,
and no entirely satisfactory method has been devised for accomplishing it.

When the economic value of starfish is rcalized, depletion of starfish
may result from overfishing, and "to destroy all starfish whenever found! will
be out ‘of the question. If it proves necessary to protect starfish, where
only the gonads ares to be used, these may be removed on the grounds, while
fishing, and the starfish at once put buck into the water below low-tide level
to avoid umnecessary exposura. The operation of removing the gonads could

‘be carried out successfully without killing the animal, since echinoderms pos=-
. sess. great regencrative powers. As male gonads may not be unfit for caviar,

it is worth noting that they can be oasily distinguished. from the. female since
the latter are of pinkish color while the former are of ligh yellowish hue.

‘. The reproductive power, and growth of starfish, arc very great. According
- to Kellogg, "A female starfish may, if large enough (depending on the amount
of food) begin 16 -extrude eggs during its sccond summer, and many by . that

time attain the required size.t . .. '
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As cchinodorms, on the north Pacific coast, can be morc casily caught
than any other kind of sea food, the starfish and some of the sca cucumburs
may simply be picked up at low-tide, and sea urchins and certain sea cucum-
bers may be obtained by dredging, the expenscs connected with their utiliza~
tion as a whole 'should be comparatively low, making it possiblc to scll the
products at a reasonable price. '

In quoting Lobour, I mcﬁtlonld Purpura lapillus as a destructive encmy
of bivalve mollusks. I now wish to point out the p0551b111ty of utilizing
destructive gaster opods s

Polynices lewisii, a very large gasterpod, is a great destroyor of
mollusks of commercial value. Its foot may reach the:length of 21 centl-
meters and a width of 13 centimeters, and a depth of the body about 10 1/2
centimeters. It destroys oyster beds by its burrowing in them in scarch
of clams, but it is not known whether it attacks oysters directly. On ac-
count of its burrowing habits, the oystermen, at the head waters of Puget
Sound, dastroy large numbers of them.

“Kecp (1883), speaking of Lunatia Lowisii Gld., now merged in Polynices,
claims that it possesses a flint drill which it carries in its mouth, and
by usc of which it drills into the clam or whatever mollusk it may ancounter,
killing the same. This, it is claimed, is a common hablt of membars of
the family Naticidae of which the EHHLPQ Natica cnd Lunatica are best known.
. Daughtery (1912) savs: : _ ‘ }

Natica is another drilling sea-snail common to our coast. It
burrows in the sand for clams and bores a hole with its radula, ro-
tating its own body in the action.

Agersborg (1918), during the summcr of 1916, obscrved a number of speci-
mens of Polynices in thé actual act of killing and eating clams. At low-
tide, when rowing along tho shores of Dyes Inlet near Chico, Washington,

a large number of Polynicos was found., As the tide was very low it was
possible to pick them up by using a dip-net. Scme of them, however, wore
‘not so easily reémoved from the botbtom as others, holding to the same by
means of the snormous foot, or having sucked-down into the sand to the
depth of about ten centimeters, leaving only part of the shell uncovured

in the middle of a pit. It was soon found that there was a definite cause
for 'their holding on to the bottom so firmly; these individuals of Polynices
were feeding. Ths process of feeding was found to bL somewhat differcnt
from that described by Keep and Daugherty.

As Polynices crawls along the bottom it kills any clam it encountors

‘by suffocation. The soft-shelled clam, Mya arenaria, which is quite numerous
in the bays of Pugcet Sound, is a common victim. Hard-shelled clams, Paphia
staminea, Cardium corbis, arc also an casy prey for this ravencr, In the
case of.Myn, the gasteropod sucks itself over the syphonidown into the sand
until its victim is dead from suffocation, and then when the clam has opsned,
Polynices simply scnds its proboscis bctwebn the valves and devours the con-
tent. As for the hard-shelled clams, thé process of feeding is similar to
that used when cating a HMyasbut the methodrof‘killing is diffcrent. - 'In this
casc the pref is held in the "sole" of the foot'until the adductor muscles
arc relaxed or the victim is dead, ‘whon the feeding begins. -Several dead
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‘clams, of -thuse.species mentioned, were found. in possession of Polynices,

but none of them werc drlllcd. It 45 thus seen.thrt this- gasteropod 1is.
vary decidedly an énemy of the bivalved mollusks, but its methed-of kllllng
clams is difforent from thut doDcrlhbd by Keeco dnd Daugherty.

Several oPPClﬂ(HS of P017nlcv lewisli wery obtﬁlned and broucht to
Bremerton, . where experimentation on the possibility of utlllZlnP them as
food wus carried out. Two methods of preparing the animals for the table
were usedy first, steaming in the moisturce contazined within its swollen ,
foot, and SnCDnd bruaklng the shell and frying the animal alive in butter.
Elthar of thosc mgthods gave good results. By the former o delicious broth
was the principal result; by the latter, a largc.'m_c,r«x of variant meat.

The foot, howwver, by.either. method, bbcones rather tough when cooked.
As-some onc hus held that the meat of Polynices is poisonous, not so very
much was eaten; no 111 effects, however, werc folt from that consumeds

The idea thot Polynices is unfit, for iood is of coursc baszless, as I am
informed by Professor Kincaid thﬁt thousands ef POlynleo shells may be
found in the Indian kitchen-middies, which indicatcs Thit the Indians used
this mollusk as food, and as the Polymiccs' shells are found in these remains
in much greator promortlon than any other shells, this gasteroped nust

have been widely sought. by the Aborigines; or it may be that Polymices

- was formerly more abundant than cny other mollusk on our westorn coast.
. At any rate, this gasicropod seems to have becn a common dict of the Indians

who lived along Puget Sound. The tastes of Indian and white man are not
unlike in these matters, for white people ent various species of .clams,

~also an Indian diet, and seom to delight in such food, as is well demon-
: strated by the establl hment of shellfish camnerics on our coasts.

It does not sien unrpasonable, thurnforg, that Polynices. as well will
find a ready market. 1In fact, it might.well be preparea as an extra deli-
cacy and sold as such, and in that way made to make up partly for injuries
that it inflicts on tho blvalve—nollusks.'

Darbier (1908) Fnunuratab a large number of gasteropod mollusks used
by the natives of Madagascar in various ways. Not only is the animal matter
used 2s food, but the shells are commercialized as well, Havinp cnumerated
ten species of the genus Murex, and 139 spgci@q from different genera in-
cluding Littorina, Nerita, Gyprasa, Pterocera, Stormbus, Neritina, Turbo,

. Conus, Tercbra,, N;tlca, Cassﬁs Harpa, Mitra, Voluta, Vasum,_ﬁﬁiva, Fasciolaria,

Purpurz, Rapana, Eburna, Nasqa, Ranella, Triton, Fusus, Naptuna, Busycon,

~and Pyrula, all of Wthh arc marine forns, he. adds the following torrestrial

-and freshwater gastaropod8° Helix haemastoma L., Bulimus.perversus L.,
Mulimulus multilineatus Say, Pupa uva L., Clausilia cana Gld., Auriculus

. .auris Widae L., Tudora versicolor Pfr., and Hollcina Miltochila Cross,
and sayss. _ .

Tous Rele: coqullla es uprvcnt a ld nourriture des 1nd1gen 35 qui mangent
leur chair cuitc dans lh coquilla sur un Jeu ardent sans acun assaisonnement.

It is worth notlng that genua Purpura which cnuseu great destruction

of "the mussél beds- on the Engllsh coast, and which was suggcstcd by Lebour
--to be systematically collected and dcatrOch serves the Indians of iada-

gascar as food. Murex, Natica, Nassa, Busyoon, and others rélated to the

;ggsteropod types on our coasts. greAPelng gtlliged as food by the natives
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oiriﬁd vpagsear. ‘Cycotypus canaliculatus, Verrill and Smith, 1873, (Busycon
canaliculatus Say, or Fulgur analicalata Gould, 1887, Dall 1889), is a
very pernicious enemy of oysters. According to Sumner, Osborn and Cola, 1908.

Tt is abundant in shallower water generally « . o probby generally
distributed throught Buzzards Bay and Vineyard Scund. It proys
upon mollusks and is said to be destructive to oysters (p. 707).

It is sbill of 1little commercial value save thab of boing uscd for

... dissecting pivposes, and some Europcuns in New BEngland, have vénturced to
use-it as food, bau this is by no means o common practice. The genus Uro-

salpinx is closely allied to Murcx gseveral of its species are found on
tho cast cous® of the United Statns. Arnold (1916) says of Urosalpinx
cinercas

-

This well-known specics is regarded by. Chesapeake and Long Island
Sound ‘oystermcn much in the light of a plague. Thesce active predaccous
- mollusks live upon bivalves, and preferably upon oysters. Thoy bore
a small hole through the shcll of their helpless victims, and then
Cproceed to extract the succulent, fleshy animal from within., The oys-
termen call thenm by the suggestlve name of "drill," and wage incessant
warfare upon then.
Daugherty claims: "It is a feoder upon oysters;" and Kellogg sayék
¢ in part: o ‘

There arc several speeics of the snails that arc destructive to

bivalves. Among thesc the large winkles or conchs of northern shores
e @o very little damage; but some of the smaller forms, particularly
the oyster drill, causc large losses here and therc along the Atlantic
coast . + . The drill, or Urosalpinx, is most destructive to young
oysters, It scems to be unablc to bore through the shell of large
individuals , . . Like starfish, oyster drills were formerly not
nuncrous on tha Now England oyster-beds, bubt in roccent years have
incrcased greatly. In New York Bay, and in the Chesapeako, they ar
abundant . . .. in Louisiana, a larger drill, Purpura floridana,‘ls
sonetimes very destructive, .

Opinions thus seem to vary as to the destructive habits of somc of the
gastcropods upon bivalve mollusks; but the findings of Dr. Copeloend (1916}
are vury conclusive: DBusycon reacts positively toward oyster Jjuice, in
fact, the oyster often for forns a conspicuous part of its natural diet, All
the 1nvbst1gators however seem to agree about the habits of Urcesalpinx. -
In view of the fact that thuSG gastoropeds are csculent, injurious to other
marketable mollusks, near large citics, and generally b381ly obtained, it
scems rather strange that they are scldom found in the narket. POlJnlCLS
lowisii, which is still quite abuhdant in the upper part of Puget Sound,
is generally destroyéed by.the oystermen whenever found in the vicinity of
oyster fields. As a natural enemy, P. lewisii scems to have nonc morc danger-

. ous than the twenty-rayed starfish’ (Pycnopodia helianthoides). As a mat-

~ter of fact, bays that have none or wvery few. Pycnopodia may have a large

nurber of POlynlCGS, and bays. that arc well populatcd with this starfish
have remorkably fcw. Polyniccs present. When I later experimented on. the
sensitivity of Polynicecs to Pycnopodia ((Agorsborg, 1918) I found in all
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instances, thet when the slug came into contuct with the stur, it vithdrew
its foot at once. The menstrous foot, though it scemed impossible that

it could be withdrawn within the shell, was very quickly covered thersby.
Upon withdrawing the foot in a hurry, as it doss when in contact with
Pycnopodiza, the periphery of the foot, which is perforated, throws a spray
like 2 garden sprinkler with the holes in the spray-disk plugged cxcopt
those around the periphery. No matter how much larger the animal is than
its shell, when all the water is squeezed out of the foot, the former can
be conplétely covered by the latter. In suck a condition, however, Polynices
cannot live very long. It is itself casily exhousted when completcly shut
up within its shell, If it is not allowed to take in fresh water supply
when-it comcs out to breathe it soon relaxss, an casy.prcoy to the glutton-
ous Pycnopodiz. In fact, when leaving POlJnECpS with Pycnopodiz in an
aguariwi, two of the fornbr were killed and eaten by the latter within
throe days, leaving the shells and opercula.

The absence of Polynices where Pycnopodia abounds, together with the
facts observed when keepinlg the two in the same aquarium, scuns to indicote
definitely that Pycnopodia preys on Polynices. A&s nentioned above, Polynices
is a nuisance to oyster growers, cven if it docs not feed on oysters, for
it destroys the eystur beds by burrowing in thémj primarily Pyncopodia is
a gasteropod feeder, and though it is quitc omivorous and muy feod on my-
thing it happens to encounter, it is not known whether it feeds on oysters.
The question then iss might not Pycnopodia be used as a check against

Polynices in the oyster bcds” ‘'This could easily be tested out >xper1n¢ntally;

Pycnopodia could be placed on oyster beds to sce whether it remains there
or crawls away. If the latter was found te bg the case thun Pycnopodia. -
is not ad“ptad to feed on oysters and might then be kept on the outside

_of tha oyster beds as’ guard aoalnst thc 1nroad of Polynlces.-
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