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W.-MOLLUSKS.

205. THE CUTrLES-CEP.HA;LOPODA.

The mollusks called" Cuttles" or "Cuttle·fishes" bear a very important relation to the fisheries
and consequently to the food supply of the United States. It has rf'centJ,v been ascertained that
some of these Cuttle·fishes attain huge bulk and eorresponding (thilities for destruction, TIle two

species of Architeutkis (A. princeps and A. HarvtWi); roaming through the Korth Atlantic and now

and then stranded npou the beaches of Newfoundland, have each a total length of from thirty to
fifty feet, and a weight of solid flesh amounting to thousands of pounds,

"The Cuttles," says Dr. Philip Carpenter, "ba'\'"c very acute senses. They ha,v!;' an approach

to a brain, inclosed in a cartilaginolls skull. They can hear soundf':, and evidentI,y enjoy the taste

of their food. They have a large, fleshy tongue, armed with recurved prickles, like that of the lion.

They either crawl on their head tail upwards, or swim, tail foremost~ by striking with their arms,
or squirt tbemselves backwa.rds by forcing water forw!trd through their breathing fllnnels.

"They are ferocious creatures, the tyrants of the lower orders, nnd do not scruple to attack

and devonr eVl'li fishes. The larger kinds are deservedly dreaded by man, Their weapons con·

sist in their powerful arms, wbich are abundantly furnished with rOws of cup·like suckers, each
of which fastens on its prey or its foe like a limpet to the rock. Often these are accompanied with
Shal'l'-cnrved teeth, strong enough to be preserved even iu fossil species."

The giant Cuttle·fishes of the north (Architeuthis) and the commoner Squids and Calamaries of

our Atlantic coast belong to the ten-armed division of the artIer termed Decapods, The three

smaller species ordinarily met with are LoligQ Pealei, Loligo Pealei val'. pallid«., and Omnuutrepll.et

illecebr08U8, On the extreme southern coast they are replaced by an Oct.opod (Ocw-pus"granulatu8).

Of these four, Loligo Peafei is the common Sqnid of Long- Islaud Sound and southward, and
when fnll grown it is more than a foot in length. The color when lidllg is very chang{"able, owing

to the alternate contractions of the color·vesicles or spots, but red and brown predominate, so as

to give a general pnrplish-brown color. An allied variety or subspecies, named pallidu-, is a
"pale, translucent, gelatinous-looking" creature, with few spots on the back and nea,rly white

beneath. Commonly five or Rix. inches long, exclusiye of the arms, it frequently grows much larger.
and is of broader and stouter proportions than the t,ype-form, from which it. is further distin·

guished by its broader caudal fin and the larger si.ze of its suckers. It belongs especially to the

western end of Long Island Sound, H where it is abundant with tbe schools of menhaden, on which
it feeds."

"This species," writes Verrill,! "ia found along the whole coast frooo South Carolina to Massa
ch I18etts Bay.

U It is theOommo.. 8qtdd from Cape Hatteras to Cape Cod, In Long Island Sonnd an d Vineyard

Sound it is very abundant, and is taken in large numbers in the fish·pounds and seines, and UNf'd

t:i> a Jargee%tent for bait. It is comparatively scarce, thongh Dot Tare, north of Cape Cod, The
. young we.ro tra.wled. by us in ma.ny localities in Mas88oChn8f:ltts Bay in 1878. Large speeimeDs were

~~.:....~the pounds at Provincetown, MassachusettB, August, 1879. It was taken in considerable-

I :Report u. S. Fish Ooin.m.ilIJioa, }llU"t vii, 1.p. 355. 681
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qmmtitjell, in breeding eondition. JJl the fish"pOllllds fit. Cape AnJl, tlBnr Gloucester, YAAsac1usetts,

May, 1880 (val'. borealis). It lm~ not been ob~etved north of Cape Ann. Itf! southern limit is not.
known to me, but it appears to have been fOllnd on t,he coast·of South Oarolina.

H In I!cJlth, it has o(~curred from low-water lHark to lift)' fathoms. The eggs 1 have often been
taken by us ill the trawl, III great ahUllllance1 at mans localities along the southern ,shoreg of New

England, in five to twcnt;y·five fathOIllB.

:, It is known tu btl a n~r'y important element ill the food sUllpl;y of the bluefish, tautog, sea

bass, 8tripeJ hass, weakfi sh, king.fish, and wallY other of our larger market fishes.
I! I u tLe G tllf (If .;Hexico th is s{Jccies appears to be replaced by another B~cies (LoUgo Gaki

D'Orbiglly). Of this we have several spceimcns, collech':l{l on the west coast of Florida, at Egmont

Key, neal'Tampa lby, by Col. E. .Tewett and Mr. "". T. Coons. This species is closel~' allied w
L. Pealei, but has a more slemlcr form, with tho caudal tin shorter and narrower in l}roportion to
UJe length of the mantle. The pen has a shorter and broader shaft, and a narrower and more

oblong blade, whieh bas parallel, thickened, and darker-colored portions between the midrib and
margins. 1'he tentacular suckers have their horny rings more coarsely 3Jld equally toothed, th"'Ie

beiug only a partial alternation of larger and smaller teeth.

"Along our south~rn coast, from Delaware Bay to Florida, a much shorter and relatively
stouter species (Dolig/) ureviJj Blainv.) occurs, which might be mistaken by a careless observer 1'01'

the present species. In addition to it!> shorter body, it luts very different large1 tentooular sucker8.
with the teeth OIl the hom)" rim coarser and all of similar form and size. Its pen is also shorter

and relativery hroader, lind differeut in structure."

"I am not aware," he says elsewbere/ "that an;r definite information has hitherto been

published as to the rate of growth or length of life of any of our cephalopodI':!. By some wl'ite-.J:s it
ball been stated that the Squids are all annual l but this ",eems to be a mere assnmption, witllout

any evidence for its basis. Therefore I have for several years past preserved large numbers of
specimens of the young of Loligo Pealei, collected at different l'U.'asom~ and localities, in order w
aseerta,in, jf possibJe, the rate of growtb and the size aequired during the tirst season, at ltHlI,t.

One of the follOWing tables (1) shows l!ome of the data thus ohtained.3

"There is considerable difficUlty in ascertaining the a,g6 of these Squids, owing to the fnct-tbat
the BplJ,wuing .season extends through the whole BUmrner1 80 that the young ones hatched earl,}' in
June are as 'large by September as those that batch in September are in the following spring.

OWing to the l;ame Call1i>6, most of the large lots of young Squids taken in midsummer inclnde

various sizes, from those just hatched np to those that are two or three inches long. They are

often mixfld with Borne of those of the p-revious year, considerably la.rger than the rest. Earlier in
tbe 6e30S0U (in May and the first part of June), before the first-laid eggs begin t{) hatcb, the

youngest specimena taken (GOmm to lQOmm long) fire presumed t.o belong to tbe later broods of

the llreviou8 autumn, while those somewhat larger are believed to be from earlier broods of the
previous i:mmmer, and to represent the growtlt of one yea.r very nearly.

~'Taking these prineillies as a guide, I have arrived at the following conclusions from the data
collected :

"1. The young SqUids begin to hatch at least as earlJ' as the ~ond week in June, ou tile

"-~;:;;~J;';-n;'~:;~'this squid reso~b1 ~~vellyand weedy bottoXll.!! to lay ita ep. They 9.J6 oo~~ed in bn~clJeB
Qr cluster!l, sowetimee aixor eight inches in diameter, oonaisting of hutldred6 of ~t1nQU8 co.))lIU.\.f;)II .eOOhbOlding
numerous eggs. Th_ el\l3tem are a.ttached to some fb.ed obje<lt, a.nd tha QyllOO1'll upCln pla.Dted beds ,offer OOll~niClH!t!I!

which the S,luid hi very li,kdy to adopt. This oc.cUITeuce seems -W be n.~ of d.ec:ickd barIl1 in Dele.:wll.Te Ba,., for the
oystermen theNll\lll!ert tluJ,t the larger "~}lUI" (as they caJ.l the W-bunchee) ]iA.D1alJY oyat:eIll ftom the boti:om by
their booymlcy Nul. floot them off in stormy weathar.-E. I. ..

~ Report U. S. :Fish COmtniil8ion, PBrt -vli, 1882, Pl'. 353-$55.
ilSee the original Ilorticle.
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BOut,hern coast of New England, and continne to hatch till the middle of September, and perhaps
later.

"2. By the second week in July, the first batched of the June Squids b aVB grown to the size
in which the body (or mantle) is 30mm. to 48""n long; but these are associated with others that are
younger, of aU sizes down to those just batcbed. They begin to show a disposition to go in
'schools' composed of individuals of somewhat similar sizes.

"3. By the second week in August, the largest .Tune Squids have become 50IllI[l to 68"'''' in
length of body, and the la.ter broods are 5mm tu 3(}mm lun!!:. AI> befu1'e, with theoo stUB Qec,ul' others
of all ages down to those jnst hatched. It should be observed, however, that iu those of our
tabulated lots taken b.y the trawl the very small sizes are absent, becanse they pass freely tbrough
the coarse meshes of the net.

"4. By the second week in September, the June Squids have the mantle ijOmm to 82"iln long.

All the grades of smaller ones still abound. A few larger specimeIls, taken the last of August
and in September, 84mm to llOIllI[l long, may belong to the June brood, but they may belong to
those of the previous autumn.

"5. In the first week of November, the larger young Squids fuken had acquire(l a mantle

ltmgth of 79m", to 85",111, but these are probably not the largest that might be found. Younger

ones, probably hatched in September aud October, 8"'''' to 20"'''' in length of body, occurred in vast
numbers November 1, 1874. The specimens taken November 16, off Chesapeake Bay, baving the
mantle 40mm to 70mm. long, probably belong to the schools lIatclted in the previous summer.

"6. In May and June the smallest Squid.s taken, and believed to be those hah\hed ill the
previoml September or October, have the mantle 62"'m to 100m,,' long. With these there are others

of larger sizes, np to 152"'m to 188""", and connected wit,h the smaller ones by intermediate sizes.
All these are believed to belong to the various broods. of the previous season. In these the sexual
organa begin to increase in size and the external sexual characters begin to appear. The males
are of somewhat greater length tban the females of t.he Bame age.

"7. In July, mingled with the young of the season, in some lots, but more often in separate
schools, we take young Squids having the mantle 75,,"n to IOOrum long. TheBe we can CODnect by
intermediate sizes with those of the previous year taken in June. I regard these as somewhat
less than l\ year old.

"8. Beyond the first year it btlcomes very difficult to determine the age with oortaint.;y, for those

of the first season begiu, even in the autumn, t.o overlap in their sizes those of the previQus ;)'ear.
"9. It is probable that those specimens which are taken in large quantities, while in breeding

condition, during the latter part of May and in June, having the mantle 175mm tQ 225m
", long in

the femal&1l and 200""" to 276"'m long in the males, are two years old.
"10. It is probable that the largest individuals taken, with the mantle 300mIII to 425m

'" long,
are at least three years, and perbaps in some cases four years old. The .ery large specimens
generM\Y ooou.r only in smaU ~hoo18 and are mOBtly males. The, fe,maleB that OOCU\' with these.
very 1&rge malC8 are often of much swaner size, and ma.y be a ;rear younger than their mates.

"11. When Squids of very different sizes occur together in a school, it genemll.., happens
that the larger ones are engaged in devouring the smaller ones, as the contents of their stomachs
clearly show. Therefore, it is probable that those of a similar age keep together in schools for
mutll&1 safety.

"12. Among the adult specimens of VlU'. palUda taken November 16 and December 1, at
~ there are 86veral young ones, from 75"'''' to 120mm in length, with rudimentary repro
dllcti.veot'~8. 'Fllese may, perhaps, be the yonng of the year~ hatched in Jnne."

4A:p
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Young Squids in inconceivable numbers, and even the adults, are greedil;y devoured by
blnefish, black bUlSS, st.riped bastl, weakfish, mackl\rel, cod, and mallS other marine animals.

Thus they are, reallr of great importance as food for onr most valuable market fishes.
North of (Jape Cod the S{juid i8 represented by the Sea-arrow or I<'l.yillg Oala,mary, Omma·

strephes illeeebrollWl, sometimes called" sllOrt·fl.nned" in contrast to the long H fins" characteristic
of the Lolig'os, wbich the}' resemble in size and color.

Professor Verrill has given the following graphic accoUIlt of this species:

'QYhen liYillg, this is a H'ry beautiful creature, owing to the brillianc~'of its eres and its bright
and quickl.)'.changing colors. It is also ver.y quick and gra,ceful in its movements. This is the

most common' Squid' nort.h of Cape Cod, and extends as far south as Newport, Rhode Island, and
in deep water to the region oft' Cape Hatteras. It is very abundant in Massachusetts Bay, tbe
Day of Pund.r, aud northward to Newfoundland. It is taken on the coast of Newfoundland in

immense numbers, and used as bait for codfish. It occurs ill vast schools when it visits the coust,
but wlwther it seeks those shores for the purpose of spawning or in search of food is not known.

I ba\'e been unuble to learn all~'thing personaH.y in regard to its breeding habits, nor have I been
able to aNcertain that allY oue has any information in regard either to the time, manner, or place

of spawning. At Eastport, Maine, I have several times observed them in large numbers in mid
summer. But at that time they seemed to be wholly engaged in the pursuit of food, following

the schools of herriTlg, which were then ill purB-nit of shrimp (Thysanopoda norvegica), Which occur
in the Bay of Fundy, at times, in great quantities, swimming at the surface. The stomachs of tllt\

Squids taken on these occasions were distendecl with fragments of Thysanopoda, Or with tbe flesh

of the herring, or with a mixture of the two, but their reproductive organs were not in an active

condition. The same is true of all the specimens that I have taken at other localities in summer.

From the fact that the oviducts are small and simple, and the nidamental glands little developed,
I believe that it will eventually prove that this species discharges its eggs free in the ocean, and

that they will be found floating at the surface, either singly or in gelatinous masses or bands, not

having any complicated capsules to inclose them. Nothing is known as to the length of time
required by this species to attain its full size. It probably lives several years.

"This Squid is an cxceedingly acth'c creature, rlarting with great velocity baekward, or in
any other direction, by means of the reaction of the jet of water which is ~ected with great force

froID the siphon, and which may be directed forward or backward, or to the righ t or left, bS

beuding the siphon. EveD when confined in a limited space, as in a :flsh.pond, it is not au eas;y

matter to capture them with a dip-net, so quick will they dart away to the right and left. When

darting rapidly the lobes of the caudal fln are closel.y wrapped around the body and the arms are
held tight.ly together, forming an acute hundle in front, so that the animal, in this condition, is

sharp at both ends, and passes through the water with the least posl'lible resistance. Its caudal
fin is nsed as an accessory organ of loeomotion when it slowly swims about or balances itself for

some time nearly in one position in the water.
"The best observations of the modes of captnring its prey are by Messrs. S. I. Smith and Oscar

Harger, who observed it at Provincetown, Massachusetts, among the whar"'es, in large numbers,
July 28, 1872, engaged in capturing and devouring the young mackerel, which were swimming

about in 'schools,' and at that time were about four or five inches long. In attacking the mackerel

they would suddenly dart backward among the fish with the velocity of an arrow, and ~ suddenly

turn obliquely 00 the rigbtor left and seize a fish, which ~as almost instantly killed by a bitem
the back of the neck with their sbarp beaks. The bite was always made in the same place, cutting
out a. triangular piece of :flesh, a.nd was deep enough to penetrate to the spinal cord. The at\;QCkB
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were not always Anccessful, and were sometimes repeated a dozen times before one of these active

and wary fishes could be caught. Sometimes, after makillg several unsuccessful attempts, one of

the Squids would suddenly drop to the bottom, and, resting upon the sand, would ehange its color

to that of the sand 80 perfectly a,s to be almost iuvisible. Iu this position it would wait until the
fishes came back, and when they were swimming close to or over the ambuscade, the Squid, by a

sudden dart, would be pretty sure to secure a fish. OrdjllariIy~ when swimming, they were thickly
spotted with red and brown, but whcn darting among the ma,ekcrcl they appeared translueent and

1>ale. The mackerel, however, Sel~llled to lmn\ learned that the silallow water was the safest for

them1 and would hug the shore as closely as possible, so that in pursuing them man:r of the Squids
became stranded and perished by the hlllHlreds~ for wilen they once touch the shore they begin
to pump wat<~r from their siphons witil great energy, and this usually forces them fartber amI

farther up the beach. At such times they often discharg-e their ink ill large quantities. TIle

attacks 011 the .young mackerel were obser.ed mostly at or near high water, for at other times the

mackerel were seldom seen, though the Squids were f\el~U swimming about a.t all hours, and these
attacks were observed both in the day and evening.

" It is probable, from variou" observatiollS, that this and other species of Squids are mainly

nocturnal in their habits, or at least are mllch more active in the night tha,n in the day. Those

that are caught in the pounds and weirs mostly cnter in the nig"ht, evidentl,)' while swimming

along the shores in 'schools.' They often get agrotmd on the sand-fiats at Provincetown f

:\1a.ssachusetts, in the night. Ou the ilillallll!l in til(~ Ih.v of Fundy, even where there !Ire no flats,
J have often found them in tile morning strandell on the beaches in immense numbers, especially

when there is a full mooll, and it is thought, b;y ma,ny of the fishermen that thi::; is becau::;e, like

ma,nyother nocturnal animalEol, they IHwe the habit of t,urning toward and gazing at a bright

light, and since they swim backwards, they get ashore Oil the beachcl> opposite the position of the

moon. This habit is also sometimes taken ad\'anta,ge of by the fishermen, who capture them for
bait for codfish. They go out in dark nights with torches ill their boats, and bJ' lldvaneing slow],)'

toward a beach dri\7 e them ashore. 'l'hey are taken in large quantities in nets and POllllds, and

also by meaus of 'jigs~ or groups of hooks, which are moved up and down in the water, alld to

which the Squids clingf and are then quickly pulled out of the water. Thl'y are also Iolometimes
caught by ftsh-hooks f or adhering to the bait used for fishes.

"Their habit of discharging an ink.y fluid through the Rillbon, when irritated or alarmed, js

well known. The ink ig said to have caustic amI irrit.ating properties.

H This Squid, like the Loligo, is eagerly pursued by the cod and mallY other voracious fishes,
even when adult. Among its enemies while young are tile full-grown mackerel, who thus retaliate
for the massacre of their own young by the Squids. The specimens observed catc}Jing young

mackerel were mostly eight to ten inches long, and some of t,lJem were still larger.
II This species, like the common Loligo, has the instincts and habits of It cannibal, for small

Squids of its own species form one of the most common articles of its diet. From an adult female

of ordinarj' size (G, of our tables), caught at 'EaBtport. Maine, 1 took a great mass (,f fragmcnts
of small Squids, with which the stomach was greatl,)' distended. These fragments compltltely

filled llo vial having a ea.pacity of four fluid ounces.
"From the rapidity with which the Squids de"our the fish that they capture it is evident

that the ja.ws are the principal organs used, and that the odontophore plays only a Sll bordinate
part in feeding. This is oonflrmed by the condition of the food ordinarily found in the stomach,

for both the fishes a.nd the shrimp arc usually ill fragments and shreds of some size, and smaller
tlreatures, like amphipods, are ofteu found entire, or lIearl;y so; even the vertebrre snd other
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bones of herring are often IJresent. On the other hand, in /dome specimens, the contents of the
stoloach are finely diYided, as if the odootopIton\ had been used for that purpose.")

'rbe loss whieh the fisheries sustain through their voracity, however, is probably equalized b.y

tbe food which OuttIe·fishes furni<;h the carnivorous fishes and various ot,her denizens of the deep.
For example, the sperm whale seeIllS to rely largely upon a diet of big Squids, sinking to the
bottow where thes are groping about, to drag them up, or nipping off their large arms us they
swim about near the surface. Dolphins and porllOises also prey upon the CuttlesJ and all the

tlesh·cating fishes pursue and devour them at every opportunity, particularly the cod and blnefish.
Knowledge of this fact long ago led to the Squid being tak{'>ll by fishermen as au attrt1ctive

bait. More than half of all the Bank fishing is said to be with such bait. 'When the shoals of
this lllollusk rLvhgQ SqUid] approach the coast bund.eds of' vcssels are ready to ca.pture them,
forming an extensive !.mUle fishery, engaging five hundred sail of French, English, and American
ships. Their habit of mo:m·gazing, also, is sometimes taken advantage of on the coast of Maine
b~' the fishermeu, who capture them for bait for codfish; the.y go out in dark nights with torches
in their boats and br advancing slowly toward a beach drh'e them ashore. Violent storms heap
great windrows of dead Squids on the beach, where tItey are gathered up, and the~T are also

tlometimes takcn Oll liues adhering to the bait set for fishes. 'l'hese Hdrives" and accidents
happen in the spting, wilen Cuttles are flocking into shallow water to lay their eggs.

Since this solidl)·-tlesbed animal is so extensively eaten by other animals it is not tmrprising
to find that llHlIl also should number it among the edible products of the sen.. "The flesh of the

large cephalopodous animals," says Simmonds,2 "was esteemed as a delicacy by the ancientEl.
MOAt of the Eastern nations, and those of the Pol,Ynesiall Islands, partake of it and relish it as

food. They are exposed for sale dried in the bazaars or markets throughout India, and . . .
dried Cuttle-fish may be seen among the articles of Ohinese, Japanese, and Siamese food. In

Ohili the 11esh is also considered a delicacy, and in Barbados the bastard. Outtle-fish or 'Calmar'
(Laligo sagittata Lam.) ill. used as an article of food by the lower classes."

In the 'Mediterranean also, particnlarly nea,r Tunis, and along the Portugal coast, the catch
and consnmption of Uuttles is large, amounting to nearly a million ponnds a. year, most of which
is sold in Greece, after being salted and dried or pickled. These are Octopods. The same sort of
Outtle·fish (Octopus punctatus) serves the double pnrpose on the Pacific coast, from California to
Alaska, of bait for the fisherie8 and food for the Indians. For the latter purpose it is chiefl.,Y

sought in Puget Sound, where the coast tl'ibes hunt and kill Octopods often large enough to be

dangerous foes in a qnarrel, by going to their haunts in canoes and spearing them. To some small
tribes the Octopus affords the chief snpply of animal food. There is nnreason why squid·.liesh
from tbe northern Atlantic Ocean should not' become available as food, and prove desirable~to

those who like it. It would be both wholesome find cheap; and a single Af'ch.ittmthis would
furnish a meal for a frigate's crew. In Bermuda the OotopttS granulatus regularly forms 'a portion
of the fare of the fisher fa.miUes. As the Bermudan fish and methods of capture prevail &Cross
among the Florida reefs, no doubt this habit prevails there o.lso. In New York City there is a
considerable sale of fresh Squids to foreign residents, and the trade is increasing. There seems
no reason why on SODle coasts this fleah should not be far more thoroughly ntilizedthan it

ia at present.
In addition to its value 88 a bait, or' 38 a SOUl'OO of oil (our~~.~. been thUll

utilized somewhat), and Q8 possible food, the cephalopods contribute two ortbreensefa1· articles

1 Report U. s. Fish Com.mistJioII, pari vii, l882, lIP- 306-308.
~00mmer0iltI PrOdu0t8 of the. Sea, Po 114.
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to commerce. A large portion of them carry under tht~ skin of the back a long, flat, calcareous

':OOne" or plate, which serveR as a stay or slrpport to t1le frame ill lieu of. It skeleton. In some
species it is long and slender like a quill~pen. Thill bone, reduced to powder, forms flo useful

lloullce, "used III rewriting over erasures to prevent 1Ilotting, :md ill medicine as all ant.acid." It.

is also combined into a dentifrice, TtH\ principal usc for it, nev~rtheles"" is for feeding to caged

birds requiring lime for their health. VOl' this pm'pose several hundrclI·weight of "cuttle-bollc II

are brought into the United States anlluall,Y. It is furuished chiefl,r from Chinese waters,

but is also collected floatiug in the l\fediterranean. None of onr American species ItflcJl'(la l1sehll
cuttle.bone, however; so that this import call scarcely bc dimilli~hee. The llame "Clllamaryl'
is often applied to a Cuttle·fish, and ariscs from the fact that each of them (jl1rl'it"J> ill an lutemal

gland a supply of blue-black, ink-like liquid, which uJlon thc slightest alarm he discharges into

t,he water, making a dense cloud uUller cover of which he rapidl~' retreatR. l '1'hi8 ink, remm'ed and

dried into little cakes, with a greatCl' or less adulteration, forms the flBpia of painters awl t,be

India ink of draughtsmen. Now it is bronght almost wholly from Oriental ports, via Londou,

but it might probablr be saved Oil our coast as well. Pl'Ovided with llell and ink on all occa· )
sions, these molhlsks seem truly to >ltand at the head of the cla(:;s of allimalt'l they reprcsellt- I :;

1I0t wholly because of their superior size and loftier brain and organization, but also on the score J
of literary accomplishments.

206. THE SEA·SNAILS-GASTEROPODA,

The Gasteropod mollusks, bearing a shell in a single piece amI usnall,Y 8piraJly whorle,d, are

!lot of much tlirect utility to man, as a rule, on this side of the world, north of the tropic8; hut tllere.

arc a few species which deserve mention. Their principal claim to notice in Illis <\ol1ucotion lies
in the fad that the,Y figure upon the habitual bill of fare of Yariom~ filc>hes. ~o lloubt the list
appended might be greatly enlarged if we were better iDforllled~ particnlarly in re8pcCt to the
southern coast. Thus far the chief knowledge possessed in respect to the 1I1\1l1uscan f(}(}(l of

American fishes is derived from Gould's" Report upou the Invertdlrates of MasBaCllU8etts,'l and

Prof. A. E. Verrill's report to the United States li'ish CommL"sioll, From this amI other sourceI'!

is compiled the succeeding catalogue of species of Gasteropotl mollusks that are fed upon by

fishes; these, it must be obser\+ed,are confined to the Athmtie coast, and, to ,1 great tjxteut, to the

waters of New England, throug-h lack of information in Te8pect to the 8imilar fooc1 of the flslll'l'\ of

the southern and the western coast, The list includes about fifty species, and reads;

Bela turricula, Bela harpularia, Bela pyramidalis, Bela rkoussatal Admete Cout/wuye, Neptunea
despoota, Bw:cinum u'ndatun~, Buocinum oiliatuJn, Tritia, trivittata, 'llyanOijsa obsoleta, Tryphon
clatkratlUl, Trophon olatlwatUIJ var. scalariflwmis, Purpura lapillus, Astyris rosacea" A,~tyri8 lwnata,
Natica clausa, Lunatia lwrQfI, Lunatia grcenlaniJ.ica, Lunatia immaculata, Amauropsiil islandica,

Velutina zonata, Velutina lawigaw. Lamellaria perspicua, Littoritw---8everal species, Trifori& nigroo

einctu8, Bittium 'ltjg-nnn, Turritella crosa, Trichofropifl borealisl Orepidula jornioota, Crepidula plana,
Aporrhais occidentalis, Saalaria gramla,ndica" Scalam NovanglioJ, Afargarita cinerea" Margarita
grmnlandica, Margarita argentata, Ma,ahwrop1.ax obscura, Puncturclla noachina, 1'oaicelkr, marmora,
TrQchydlJrmon albWl, Tra,ahydernwn ruber, Ohitvn-various specie~, Auricula, 1restita ,ar.l'Jmersonii,

----------- ---
-~~~~.--~-----~.~ ~ .......-- -- - -- --

'There l.U'C fhghtful tales abroad of the ferocity with which tpE'.la1'ger of these =tU-refl will atUlek man, and they
are greatly dreaded by the shell-divere of the S<Juth 8eaB; but the truth iOl the Cllttle·fu;h is timid, and will hide or rnn
aWAy whenever he can from lWything so large and strange lWl A mun; that is, any Cuttlea ~mal1er than the giIlnts of
N6wfctlndlaiHl'. A diver who touched a large Octopus would instillctJ.vely be .!lCized, of COUIlle, since the creatme would
iu:I,ow IlO tlliferent OOn.r&e of lWlti.onj bu~ voluntary attack is not credited by thoae who know moat about the habitl! of tho
arum..t.

•
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Odostomia stria.tula, Philin6 liMo/ata, Amphisphyra. hiemalis, Amphiflphyra debiUs, Diaphana GQuldii,

and Oylichna, alba among ~!R1t-wa.ter forms; with many species of Me/ampwl, Paludina, PlanQrbis,

Limnea, Physa, and other fresh-water gent\ra.
But, many of these species, and Heveral not, mentioned here, lJll,ve additional claims to our

notice. For example, Buccinum 1lnda/'um, the Cape Ann" Periwinkle," miglit well serve RS food,
since in Europ(\ it has long been thus utilized. In all the coast towns of England and Scotland

thi s sbell i!:! peddled for food, under the nftlnC .~ \VhelIt" or "\Vitk," an (1 it may he bonghtat all
the ;;tmet-corners iD the poorer quarters of Londou, where it is esteemed a great lIlXllr;y. Our

Whelk mig'ht equally well be eaten, and is very common northward from Oape Ood to the an~tie

regions, living chiefly on rocky shores, bnt also inhabiting- muddy bot.toms. It is tbus accessible

to castaways upon bleak arctic coasts where DO other edible shellfish of CllDsequence occurs, and
ought not to be forgotten by those who take the risk of shipwreck in Labrador or Greenland.

Next, demanding attention are two of the largest mollusks on the AUant,ic coast north of the
tropics-li'ulgur eariea and ,,"l.1Jcotypus cana/icltlata. Xorth of ~ew .Jersey these two are confmled

under the ~eneral names of" Periwinkle."" \Villkle," and" 'Vrillkle." '£he former of these species
extends" northward only to Cape Cod," and is uncomlllon beyond Long Island, while the second

is of more frcqueut occurrence in Vineyard Sound and along tbe Connecticut shore than south
ward. Both are carnivorous, aud find in tlJe O,ysterH a quiet, easy IJrey; they consequentl.y do

great damage to the beds, and are properly destroyed by fishermen whenever a chance occurs. I
believe this is especially trne of the Sycotllpus. On the coast of Xew .Jersey and southward,

where the FUlgu',. reaches an immense size, and is known as the" Conch," the oystermen complaiu

vcry little of it.
The Sycotypull is more common north of Xew York, though it does not exist at all beyond

Cape Cod; while aloug the coast of Xcw Jersey and southward it is the Pulgur which is charge
a.ble with nearly all mischief perpetrated, since the other species is rarely seen. Occasionally, as

Verrill mentions, specimens of both may he found crawling Oil sandy fiats or in the tide-pooh:,

especially dUring the spawning season, but they do not ordinarily live in snch situations, bnt in

deeper water, on hard bottoms off shore. It is needless to !my that they do not burrow at all,
though they are able to insert the posterior part of the foot intQ the sand sufficiently to aft'ord
them a stroug anchorage against currents. .A. ver,y soft or a very rocky bottom they equally

avoid.

The curious egg~cases of these mollusk", to which the names" sea·ruffle" and" sea-necklace"

are oftf'U given by fishermen, alwa;rs attract the attention of visitors to the sea side, who find
them cast npon the beaches; and we can well echo the pions exclamation of the old historian of
}Iartlm's Yineyard,-"The Author of natute makes a wonderful and copions provision for tIle

propagation or thi.. worml" The eggs are flischarged in It series of disk-shaped, subcircular, or

reniform, yellowish capsulp,s, parchment-like in texture, united by one edge to a stout 800m of the
same kiud of material often a foot and a half or two feet in length. "The largest capsules, about

an inch in diameter, are in the middle, the size decreasing toward each end. On the outer border

is a small ciroular or oval spot, of thinner material, whioh the ;young ones break throngh when

they are ready to leave the capsules, each of which, when perfect, contains twenty to thirty or
more eggs or young shells; aceording to the Beason." Verrill adds 'interesting pa,ticnlal's, as

follow!!:
"Dr. Elliott Oones, who has observed F'ulgur carica, forming its OOS68 at Fort Macon, North

Carolina., states thut Lhe females bury themselves a few inches below the slU'face of the saud 00

the flats that are uncovered at low water, and remain stationary during the prooees. The string
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of capsules is gradually thrllst upward as fast as formed. antlnnally protrude!'; from the !';urface of

the sand, and, when completed, lies exposed on itl; flllrface. The strillg" !Jeg-ins al; a sin~le shrf'Al,
two or thrf'A~ inches long, witbout well-formed easC8; the first CHSf'S urc I;mall and imperfect in
shape, bllt they rapidly illcrease in size and SOOll b(~CQnH', perfect, the largest being in the middle;
the series cuds more abruptly than it began, with 11 few smaller and less perfcet capsules. The

number of capsules yaries considerably, but there are IIsllall;y sm-enty-fi v(\ to one hundred or

more. At Fort Macon Dr. Coues obserYed this species spawuing in i\.'fuy, but at, :Xew Haven tLlI'y

spawn as earlJ-' 308 :\farch awl April. It is probable that. the period (,f spawning extends oyer
several montlls. 1ftI'. Sanderson Smith tl1inks that they also spawn in antumn on LOllI;{ fsland. It

if! not known how long II time ea-ch female rt'quires for the formation of her strillg of capsules.
There are two forms of t.IJese cap.'ml~s, ahout eqnally abnndant in thi:o; T{·giol). In one the liIides of

the capsules are nearly smooth, but the edge is thick or truncate along most of t,!H' eircumferencf'.
and crossed by Illlmerolls sharp transverse ridges or partit,iolis. di\'iding it into facet>'!. Dr.
Ooues states that these belong to Fulgur cwlica. Au examination of the .young shells, ready
to leave the capsules, cOIlfirms this. The other kind has larg-er awl thinner capsuh's, with a thill,
flbarp outer ~,dge, while the sides have radiating ridgt·s or raised lillf's. Sometimes the sides

are nnlike, olle being smooth and more or less concave, the other eQl]\'ex antI crossed by ten
or twelve radiating, elevated ridges extendiug to the cdge. This kind was attrihuted to Fulglty

cariva by Dr. G. H. Perkins, and formerls by )-{r. Sanderson Smith, but a lIlore careful examina·
tion of the young shells, within the capsules, shows tilat the.y uelong to 8ycntypux canalimd.o.ta.'"

Eggs so exposed an~ subject to numberless uDcidellts, being drifted ashore, gronntl to pieces

by storms, amI no doubt eaten by bottom-feeding fishes, so that only a, few eggll out of the

hnndreds in each" necklace" are ever born, or, accomplishing that, are Itble to survivo the perils
of unprotected J-'outh and grow to adult age and strengtb. Having once done so, however~ this

mollusk llrobuhly lives to a very great age.
An examination of a specimen of either of these species will show that in both the

muscular part if! large and strong and the month powerful. The food of the (;onch being mainly

the flesh of other mollusks, its methotl of killing them is olle of brute strength, Rim\(' it is uupro·
vided with the silicious, file· like tOll gue by means of which the small .. Drill ~"set, at na ugh t the,
shelly armor of their victims. ')'he Conch is a greater savage than that. Seizing upon the unfor

tunate Oyster, unable to run away, he envelops its i'lheII ill the concaW~ llud!'r "urface of h ill foot,

and, by just such a muscular action as you would employ in grasping an ol1jcct in HIe palm of
your fist, crushes the shell into fragments and feasts at leisure on the f1eflh thns expmwd. Where
Oysters or other prey are abundant, this operation is quicklj' repeated amI vastly de...trnct.ivc.
One planteriu the -upper part of Bnzzard~s Bay, where these pests are very troublesome, thought

one Winkle was callable of killing a bushel of Oysters in a Bingle llOur. They do llot confine

themselves to Oysters altogether, of course; any molluflks or other marine animal, sluggish aud

weak enough to be caught and broken up, suffers from their predacity. I was told in New
Jersey, by an intelligent maul that the Couch would even draw the Razor-shell out of his burrow
and devourit. If this be true, no doubt the S_oft Clam alRO falls a victim to the same marauder.

The Quahal.lg is general1y sate in his massive shells.
The oyster.beds most snbject to attack and harm by the Winkles amI Conchs are those

planted in water which is quite salt, a..'l is the practice in New Engll\ud and Long lslanrl Sound.

The beds of the Great South Bay, Staten Island, and the southern Jersey CO:1st are well protected
by the outer beaches from the sea, and to these barriers owe their immnoitJ' from the Fulg'Ur,

~hil~ the 8;ootJn!tu, though present inside the beaches, seems to ~o small damage. O~.-:'~~

I Beport U. S. Fish CoEIlIllillsion, part; i, 1873, pp. 365, 356.
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will tell you, also, that beds which are disturbed from time to time by the plllute,r will suffer more
hUl'm than neglected beds, especially in summer. Of course it is to be expected, as reported, that
where planting has gone on for many years, there these predatory mollusks have Visibly increased
in numbers.

In regard to ridding our beds of this pest, I can onl,r ad.ise, as beretofore, that every effort
be made to destroy every specimen taken and m'ery '1 necklace" of eggs which can be got hold of.
The trawl, tangles, etc., recommended for the snppression of fltar.fishes, in my Report to the
Census Bureau upon the Oyster'Industries, wonld take up these eggs at the same time, and thus
do double service. Persistent fighting is the only resource against this enemy, however, aEi in
the case of others.

SOIDe points of minor interest may be mentioned before leaving this subject. Both of these
shells were used by the Indians of the coast ceremonially, and as material for the making of white
wampum, their money of inferior value, wbich cOllsisted of bead·shaptld sections of the central
(',olumll of the shell. From them, also, were fashioned sundry articles of service and ornament,
such as trowels, spoons; and dippers; they are sometimes even yet called "ladle shells." The
Indians ate the animals, too, when hard pressed for food, and have been followed in this l)ractice

b~" the whites, to some extent. De Voe says they used sometimes be sent into Catharine Market,
New York, from Long- Island, and found sale; "but," he adds, "they are not generally relished.
being sOlllewhat strong fla'\"ored. They are mostly used by the poor who live near the coast."
Several foreign mollusks, not greatly different, are eaten-generally being boiled-and perhaps
proper cooking' would make these Conchs more palatable than they have hitherto proved.

Under the name of l~ Drill" is included a numerous clal'ls of univalve mollusks, which are
carni\'orous in their tastes, and armed with a tongue·ribbon 60 shaped and so well supplied ,vitb
flinty teeth that by means of it the;y can file a round hole through an enemy's sheU,-a habit
which renders them of much account in the fiElheries, where the victim they attack is the valuable
Oyster, as thc'y are sadly prone to do. The mode in wh'ich the entran(',c is made has been ch:'itrl~y

described by He". Samuel Lockwood, as follows:

"The tongue is set with three rows of teeth like a file; it is, in fact, a tongue-file, or dental
hand, and is called by conchologists the lingual ribbon, Having with the ntmost care
witnessed n nnmber of times the creature in the burglarious act, I give the followiuj;t as my view
of the case: With its fleshy disk, called the foot, it secures by adltesion a firm hold on the upper
part of the O.rster's shell. The dental ribbon i8 next brought to a curve, and one point of this

curve, on its convex side, is brought to bear directl,y on the desired spot. At this point the teeth
are set perpenrlicula,rly, and the cur VB, resting at this point, llB on a drill, is made to rotate one
cirde, or nearly so, when the rotation is reversed; and 80 the movements axe alternated, until,

after long and patient labor, a perforation is accomplished. This alternating movement, I think,
Inust act favorably on the teeth, tending to keep them sharp. To understand the precise movement,
let the reader crook his forefinger, and, inserting the knuckle in the palm of the opposite hand,
give to it, by the action of the wrist, the sort of rotation described. The hole thus eifected by
the drill is hardly so much AA a. line in diameter. It is very neatly counteI'8unk, The hole
finished, the little burglar inserts its siphon or sucking-tube, Bud thus foods upon the occupant of

the house into which it has effected a forced entrance. To a mechanic's eye there i~ I"lomething
positive1s beautiful iu the symmetry of the bore thus effected-it is 80' trne';he could not do it
better himself, even with his superior tools and intelligence."

These small "Snails," "Drills," "Borers," and uSnail-bores,:" as they are vmion81y C!illed,

belong to severalspooies of Natka, PU''1",,'a, AftOOkiB, A8tyt'U,Tritie,R~etc.; but the master
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and most destructive, as well as most a,bundant of them aU, is the Urosalpin;r; cinerea of Stimpson.
It is this which is the common" Drill" of the oyster-beds; and it is its eggs, laid in "mall vase
shaped capsules, which are often found attached in groups to the under surf,lees of stones.
Several of the small mollusks mentioned above lay eggs in this way, but the Drill's capsules ha,e
very short 8talks, or arc almost sessile, and are oompressed with an ovate outline, while allgnlar
ridges pass down their sides. The natural home of the Drill is the tide-pools and weedy borders
of rocky shallows, where barnacles, hydroids, anemones, rock-loving limpets, and other associated
forms that find shelter among the algre afford it, abundant food-. Though this is precisely \vhere

the Mussels grow till the rocks are almost black with them, it is said that they are never attacked
by the Drills.

The Urosalpinx sometimes stra}'s to the oyster.beds, but is usually carried there with the seed
supplies, and, finding plenty of llourishment, lives and increasps. Though its multiplication is not
\'&)' rapid, it is fast cllough to make it a very serious obstacle to success in the course of a few
;years. III nearly every case I was told that formerly there were no Drills, but IlOW the oyster
beds were o\'errun. This was reported in particular of the Great South Bay of Long Island and
at Keyport, New Jer;;ey. I heard less of its ravages in New Jersey, except in the Delaware; but
in Chesapeake Bay nearly every dredge·haul in any part of Maryland or Virginill waters brings
them up. The Potomac seems to be the district least infested. Of course, in such natural haunts
as tbe rock~r shores of Buzzard's Bay and Connecticut they would be present if there were ltO

Oysters, and are all tho harder to dislodge.
Once having attacked an oyster·bed, they work with rapidity, and seem to make sudden and

combined attacks at considerable intervals. Their disappearance from certain restricted localities,
too, for a long time is unexplained.

What is the best way to combat them, or whether there is any hope of ridding the beds of
them, are questirml3 often disoussed by oyster-cnlturists. It is certain that a great deal of trouble
might be avoided if care were exercised in culling sced to throw out-not into the water, hut on
the ground or deck-all the Drills, instead of carrying them to one's beds, deliberately planting
them, and then grumbling at destruction which previous care would have a,voided. It would cost
les'i in point of mere labor, no doubt, to prevent this plague than to cure it when it hflcam(>, uo long-er
endurable. Some planters clean up pieces of bottom very thoroughly before plantiIlg, in order to
get all this sort of yermin out of their way, as well :l8 to stir up the mud and fit it for t.he reception
of spat. It is on hard bottom that Drills are especially troublesome, and here some planters go
ovt'r the gronnd with a flne-meshed dredge in order to get them up, but tLu:~y fail to catch all.
This is done at Norwalk, Connecticut, I know, and the men who have steamers find in the celcl'ity
with which they are able to accomplish this sort of work a great argument against any restriction

to exclusively sailing-rig.
The Drill can be exterminated to a great extent, also, by diligently destroying its eggs. SUlaIl

boys might well be paid to search for them and destroy them among the weedy rock" by the shore
at. low tide. A gentleman at Sayville, Long Island, assured me that in those years whell eels
were plentiful the Drins were kept down because the eels fed on their eggs. This geIltlcman said
in the Great South Ba.y the Drills were nearly conquering the planter8, alJd he advised the
removal of all shells from the bottom of the bay, in order that the Drills might have nothing left
on which to -place their eggs. This might do there, where there are no rocks along the shore and
tbe Drill is not native; but I doubt whether so sweeping a measure of protection could ever be

carr:iedout.
On thePooifte coast Gastt"OCitaJ'lut. and variou8 pholadiform mollllsks are Do great bane to the
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oyster-beds, but they penetrate by digging burrows wherein their whole shell is lodged. Where
large numbers of these are present, with the help of boring-worms and sponges, they may so

riddle {1 reef as to cause its entire disintegration under the first gale. A fourth borer is Purpura
lapillus, which is of interest in another directtou. The famous Tyrian purple of ancient days
the reg-al d,rc that was dE'emed too splendid a color to be worn by any but kings amI nobles
was produced from a sea-snail, and conchologistshave busied themselves to discover which

particulltr one.
In the works of Pliny and Aristotle, the earliest sourl)es of knowledge on the suhjeot, the

information is too vague to be relied upon. Dr. Roth, of Munich, in a paper read before the Jeru
salem Literary Society, SflyS that several years ago (previolls to 1857) he found at Jaffa the
Purpura pa-tuw, sought as food b;r the Christians dnring fa8t days: "On punctnring this animal
there issued a greenish liquid, which, when exposed to the sunshine, changed to purple. This
purple increase,l ill brilliancy when it was washed." Comparing this with the accounts left by the

ancients, Dr. Hoth thinks the color he produced is evidently their blue color, for they had a blue
purple, a deep purple, and (I red-purple. "Between Soor and Saida,7I according to the same

author, "the MUTtJ$ truncat1u, or truncultts, is fonnd in abundance, and its color is more brilliant
than that of the Purpura. One of these .Ilfurex is sufficient to dye a square inch of doth, which

would require five imlividuals of Purpura patula. Wool takes the dye better than any other
substance; silk takes it with difficuHr.'"

I~iIltOIl, in his work" On Ancient and Modern Colours," as quoted by Simmonds (ll Commer
cia.} Products of the Sea.," p. 304), states that the Purpur(1) of the best description were chiefly found

on the rocks of Tyro, on the coast of Asia. They were also collected at Mininge, on tile Grretulau
shore in Africa., and on the coast of Laconia in Europe. The colonl varied according to the
locality in which the.r were tfLken, llnd also according to the animal's haunt, fi8 has since been
provell by zoologists. Thus, when it lived among sea-weeds or mud the juice lt contained was
comparatively worthless; when among pebbles its quality was impro\'eu; ami the dye was hest

when the food and surroundings were varied. Hesearches carried still further 1)roved that to
produce the richest and most costly dye which art could exhibit, tbl" liquid must be used in
conjunction with that procured from other shell-fish. Just, what the species were that were used
it is now impossible to tell, but they were allied to Murex and Buceinum. Niter, nrine, water, salt1
and certain sea-weeds were also mixed with the Purpura liquor in compounding certaiu tints. "III
the reign of Aug-ustns," sa",'8 Simmonds. "one pounll of wool dyed with the T;yrian pnrple sold for

about £36 sterling [about $175J.We need not wonder a.t this enormous price when the tedious
nature of the process is considered, and the small quantity of dye obtained from each mollusk.
For flfty pounds of wool the ancien ts used no less than two hundred pounds of the liquor of the
],(ur6JJ and oue hundred ponnds of that of the Purpura, being six pounds of liquor to one of wool;
couseqUtmt.!y the rich Tyrian purple fabrics vied iu value even with gold." .i

The liquor was procured by placing the small shells in a mortar and crushing them. Animals
extracted from the larger shells were added, and also nrine, pure water, or water in which purple
Snails had been allowed to putrefY. In this mixture the cloth was soaked and afterwards exposed
to the light,!Wmetimes under the influence of warmth to accelerate the process.

It is said that the dyeing propert,r is a transformation of uric acid into purpnrate of ammonia,
called mure.xhle. This is a splendid substance when pure, presellting in one direction beautiful
metallic green reflections, and in others browu and purple tints. Some chemists assert that it is

I PB1PsoN ~ Utilization of Minnte Life. London Groombrldge &. Sons, It!64, p. 144.
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to this substance that tbe iridescent plumes of humming-birds, pbeasanh;: and pea~ockR owe their

wonderful brilliancy. Murexide is now obt..'lined not only from mollnski'l, but from guano, etc.
D;\-es from mo!lu!>ks hav<! heen obtaiLled in alI ages amI almost. all quarterA of t,bc world: and

not only our PW"]Iura htpiUll.~, but, ,thm allother speeiPA which we suarD with Great Britain, the

Whelk (Bllcoinum 'IInda.tum) , luwe bccu the suhject of successful experiments of t,his sort. "If the
shell of Purpura. lapilllfs is broken, thert~ is seen on the back of the animal, under the skill, :J.

slender, longitudinal, wlliti8h vein, (~ol1taining a ;vcllowisll liquor. \VIJen tllis juice is applied to

linen, hy means of a ;;mall brusb, and exposed to the snu, it becomes green, blue/ and purple, allli

at last seUleR into it fitit' IUwhangeable crim..,on." The housewives of "New England therefore have
growing ahundantly on tlwir sea-side roclu! little living bottles of indelible ink which cannot lit'

excelled br allY lllllItut'actured product for either beauty or durability, since lll~ither add 1101' alkali

will affect its color.

On the Pacific eoftst occur shells of the genUil alirella, so ealled hpcam;c they reSl.'mhle slllall
olives. There are three spHcie.." Oli1'ella hiplicata , O. {f1't1cilis, and O. duma. The first Tlamed of

these sbells eertainly, and possibly the otber two, !lOW and tl.tcn wen' made into mIlIH'\Y by many
California,n tribes of Indians, which mon<.w circulatell whh·l,,- OIl thfl I'aeific slope. Th(~ cOlllmon

Jndian name for this OUrella money was "colcol." It wa" made by grindin g off the apex or spire,

of the shells in snch a way that they coultl be struug. Th(\y are RtiU used hy some tribes in t.he
form of 'louble neckhwes as ornaments, but are l'I~g:ard{'d aR of swall ntlne. Sometimes the 8hpll

was broken crosswise and ground into little disks which passed as coins. This money was \"er}'

ancient 3.1:1d wi,lN.preatl. through aboriginal traffic in connection with other tbrms of shell·moue;}' to be
montioned hereafter, and which tl;te present writer haR fnlly tliscussetl in a paper on 'I 'Yampttm"

contained in the American Xaturalist,l to which the rearler is referred.

Cameos are a,rtie1es of ornament matle b;y caning portions of' \"arions shellR iu such a way that
a raised figure of OIle color shall btl reli(wetl against a ground of another tint constituting' the under

layer of the shell. These colors may vary-white on au orauge groum], 01' on dark claret; pale

salmon·color on orange; yellow on piuk, etc. Anciently cameoS were cut upon gems with imment:\e

labor, but latterly this easier imitation in shell has almost elltirely sUl)erseded the intaglios in
onyx, agate, and jasper. The cameo artists live mostl,)' in LotHlon amI })nris, aIHI usc sen·ra.l

species of larg(>, shells that combine a wbite crust with a nacrcnus umlerstratulll of a difterent tint.
Two only of these shells come from American waters, and tllese only toneh nul' tlOast ill tr()piea.I

l<'lorida-CassM '1I1,ada.qascar-ienlils and Strombus ui!lali-the .. Helmet-slwl1" and the "Coneb."

Of the Helmet-shell several sorts a.re usetl in eameo-cutting. Our Amerieull example (which
got its name, madagas(Jarien~is,through all error in rega,rd to the loen-hts of the tnw-spccimen)
has a blackish inner eoat, called au .1 ouyx" ground, and shows lip white Oll a dark claret-color.

It, is known to the trad(>; as the Black Helmet, and is highly esteemed by cameo·cutters.

The Oonch or Queen Conch (8trQmbu,s giga.'1) is of less account in cameo-making, bceamw it

affords a less quantity of surface sllit.'tblc for the work-a llOl'tioll of ib! broad, ros('-tiuted lip.
Various other ornaments are often made from thh. and other large sllells b.y turning and sawing
with special machinery, and thus a large demand is created, which is satisfied ('hiefly through

brokers in London aud Liverpool. Just how many sbells are sent to England anTlually it is

impossible to tell; but the amount reaches some tens of thousands. There is also l~ large

commerce in them both to Europe and to the United States to be H8C{l as ornaments alOlle, and to

be given away by grocers and tea-dea.lers to promote their custom. In the West Indies, and on

'American Naturalist, ::nii, MaY, 1883, pp. 467-479.
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many plantations in the Gnlf States, the Conch is perforated at the apex of the spire, and forms
a horn, ut>ed to caU workmen in from the fields and at dinner. From fragments of this great
mollusk, also, the Indians of Florida and the Antilles made their most esteemed beaUs and
pendants. Cabeza de Vaca sa;}'s that the columella of large Conchs were chiefly available for this
purpose, "These beads are more or less c.ylindricalor globular, am} always drilled lengthwise.
Some are tapering at both euds, resembling a cigar in shape, amI were two and olle~half inches in
length. The aborigines also made. . peculiar pin-shaped articles consisting of It more or
less massive stem which terminates in a round knob."

The Strombus enters, when ground, into tbe manufacture_ of porcelain; is extensively bumed
for lime; and is carefully calcined for medicinal purposes. There is also derived from it a
secondary lll'oduct of great value--tbe conch-pearl. When perfect, this pearl is described as either
round or egg-shaped and somewhat larger than a pea, of a beautiful rose-color, and waterell, that
i8, presenting, when held to the light, the sheeny, wavy appearance of watered silk. It is

llOwever, very rare to find a pearl which possesses all the requirements that constitute a perfect
gem, and such proves an exceedingl.y valuable prize. Although many of these pearls are annually
obtained by the fishermen in the Bahamas, Hot more than one in twenty proves to be a really
good gem. Pink is the most common and only desirable color, although White, yellow, and brown
pearls are occasionally found. Eyell among the pink ones there is usually some defect which marS
their beauty and materially injures them; SOffitl are very irregnlar in shape and covered apparentl~c

with knobs or protuberances; others are too small, while many lack the watering which gives
them their great valne and chief beauty. Most of the conch~pearls haye been sent to London,
and the demand for them i8 increasing; a few come to New York.

Lunatia. heros is very conspicuous along our coast, from the Gulf of Saint Lawrence to Cape
Hatteras or beyond, wherever sand.r S110res and pure waters are to be found, and it is ahnndant
and of very large size on the onter beaches of the coast of New Jersey. "\\-~hen in motion the
white'soft parts are protruded from the shell to a remarkable extent amI spread out broadly on
all sides, so as nearly to conceal the shell j the foot is large, flat, autI broadly expanded, with thin
edges, and by means of it the animal ill able to bnrrow, like a mole, beneath the surface of the
sand." This Snail, like many others of its tribe, drills round holes through the sides of varions
bivalvo shells b;}T means of the small flinty teeth on its ribbon-like tongue, which acts lik" a rasp,
and having tbus made an opening it iuserts its proboscis and sucks out the contents. All "orts of
bu rrowi og bivalves in this way fa.ll victims to this and its close ally, the Neverita duplicata. "Nor
do they confine themselves to bivalves, but will drill any unfortunate Gasteropods they may happen
to meet, not even sparing their own young." Their usual haunts are away from the oyster-bedS,
however, so that, although they are a familiar sight in the dredge, the harm they do to tbis
industry is of small account.

Following this in the li!ltcome various small sbells, sueb 9S those of the genera Littorina,
Ri88QlI, Melalllp'UB, and BiUium, of which it ca.n only be said that they serve a. very useful purpose as
scavengers, 'Swarming upou the mud exposed at low tide and greedily devouring carrion of fishes,

etc., which would otherwise decay and pollute both air Bnd water. The same good service is done
by the small mollusks previously noticed as "Borers," and many following.

This brings us to the beautiful family of Abaloll(~,Ormer-sbells, or Sea-ears, in whie:h there is
a very large trade on the Pacific coast, under the industry of the Chinese there, to which will be
given a special chapter.

In the Limpets (Orepidu-Ia and Acaua) the oY8ten~eu consider they have a friend, sinee when
they 8ee these clustering upon thtir pla.nted beds they look forward. to a profttable harvest the
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coming autumn. A Californiallspecies (FisIJurella aculeata) was used as money by some of the

native red men of the coast.
In respect to the odd pill-b1lg-like shells of the several species of Chiton of OU,l' eastern

shore I can Ha.y nothing; but in Bermuda a larger Uhiton is gathered for soup, and the broth is
said to be n',ry good. The Bermudans also make use of that Chiton as a uait witli which to take

the large lobhters of the island, themselves intended to act as bait for fishes.

The sea surrounding Bermnda is of great transparenc:y, and the fishermen can readil,y discern

the long horus of the lobster IJrotrnding from hiH hiding place among tbe rocks, at a considerable
depth, ~'he anI,',' plan by which they ean get him, however, is to entice him out of his refuge.
To do thirs they mat together a qua.tHit.y of Chiton" until they hlwe formed a hall several inches in
diameter. To this they attach a string, and-having previously baited the bottom in frol1t of the

lobster's den an<11eft llim to enjoy it lIulil his confidence was captured-let the ball dangle before

his nose. 'l'hinkiug this only II larger tidbit, he seizes ir, and, to his amazement, is 8wiftl~' drawn

up to daylight and torn to pieces to form a lure for equally unwary fislies.
~'These shell., have becn called by different names, all , however, indicati,"c of their form, such

as 'wood-Ionse,' , Sea-uoat,' • Uattle·snake's Tail,' , Lobster's Tail,' , Sea:uu g,' and' Sea· caterpillar.'

The Freuchsl1y tha,t the animal mllY be eaten, and we lire told that the !eelaml fishers swallmv it

raw to quench thirst, and pretend that it is good, also, against sca·sicklless." The American
Indians of the Northwest coast, South Sea, IsJanderrs; and other sava,ges find the Uhihm accept.-hle
as food.

In Melamprus bidentatus we havc a small shell which swarms 111>011 the mud and among the
eel-grsss; affording food to many fishes and acting as a scavenger of tlw marsbes. In addition to

thi~; it bas a place in these remarks because it belongs to the division of air-breatldng mollusks,
and introduces not only the fresh· water shells Limnea, PlIysa, Planorbis, ete.; that feed the inland
fishes, but also the edible land Snails. To these latt~r interesting lllollusk8 I lately devoted a

chapter in m;y "Friends Wortll Knowing,nl from which I qnote whatever applies to the present

purpose:
"Snails, being great eaters, meet their just reward in being eaten. The paludine forms are

sought after by all sorts of water birds; particularly ducks and raiIrs; while the thrushes and
other birtls crush the shells of the land Snails and exlract their juicy bodies. The woodland

birds, howe",er, will not eat the naked·bodied Slugs: the slime sticks to their beaks and soils their

feathers; but the ducks seem to have no such tlai nty prf'judices. Some mammals: like the

raeeOODS and wood-ra.ts; also eat them; insects suck their juices, and the cfl,mivoroul> Slugs pre,}'
upon one another. I,astly, man; the greatest enemy of the brute creation, employs sevcr-,ilspecie8
of Snails for culinary purpo8es. By the Romans thes were esteemed a great luxury, and portioDil

of pla.ntations were set apart for the cultivation of the large, edible Helix pomafia, where they
were fattened by the thousand upon bran sodden in wine, From Italy this taste sproad throughout

the Old World; a nd colouie~ of this exotic species; survi.ors of classical ' preser.es,' are ,','ot found
in Great Britain whe:" ~l'(j Roman enca.mpments were. The;r are still mgaroed as a delicacy
in Italy and France, the favorite method of preparation being to boil in milk; with plenteous
SMi90ning. Frank Buckla.nd says that several of the larger English species are excellent food for

hungry people, and recommend.!! them either boiled in milk, or, in winter, ra,w, after soaking for

an hoor in salt and water. Some of the French restaurants in London have them placed regularly
upon their bills of fare. Thousands are collected annually and Mellt to London as food for
cage-birds, Dr. Edward Gra)' stated, a few years ago, that immense quantities were shipped

IH:rorpel' and Brothers, New York, 1S80.
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ali VII to the United States 'a,s d61ic:wies'; but, I am inclined to consider this an exaggeratifm
growing out of the fa.~,t that, among <H.H' fallcy grM(',dl:i;, j i\ f4;.w j;1rs (If pickled Snuils, imported
from Italy,' fignrE! as a ctlriosity, rather tban ~oUletbi"llg neeiled for thl:l table. 1'lte same anthor
records tbat the glas8men at Newca,stle once a ,Year ha,ve a smdl feast, collecting the animals
in the fields and hedges OIl thfl Snuda.y before.

"Mr. 'V, G, Hiont:J', for whom a sirup of Snails was preMribetl b~' two regnhl.r l'hyBleiau.s in
I~aris in lR6J, }loluM out 110\oli- old. is the bfllief that, lalld molhu.,ks posse&'> \'alllahl.e medlc(nal

q-uali tiei5, In the Middle Ages tbe 'rudimentary ebell of tnt' Slug aeql\it~ti a bigh rank among tlw
numerous bezoar;> and amuh~ts ",l1IJ:h \Vere BUPPOS~ to proteet the bod~' from evil inftllenet\fI, ami
to impart health and udiyity_ The Mcouuts of thesc- virtues, copied frolll one autLor to l1lJotlwT,

have perpet.uated the earJ3' superstitions Utltil it is difficult to o\'(~t'eome tbem bJ' the ligbt of the
p1'C..'ltmt da.r~ wheu~ evell in Bllgla.Ir.u~Bilails ar6 supposed to pos...eas a ll/seful po\\'cr in ca8es of lung
tro-uhle. A full rdatjtm of ~\ll the ab",u\'(liti~8which gained ;:.n~(lt',u('N WQl\ld form R C\\rtoUg amI

marvelous Jlage in tb!:,_ history of cn--<lulity. Tht-J ba:ve, also, frOul ,'err early tlme~, been U$-e!l in
the llrflpa,ratioD of (Josmeti<:s; alld llO lOhger than two or thrNl ccnturiefl ago HIe water proellfed

from them by Jistillation was milch celebrated, and employed b.y l<~djes to impart -«hitelless and

freshness to the cOUlvlexion. Finally, I hetlr that there is celebrated ill Rome l (',,·cm now, a
miclslllllmer festhcal, npoll which occasion all family fends may be made Ill)) (Il' any dijf\lrences
between frit~lHlti easily ailjl.lsteNl, .sirwe tha.t, i~ the I1lJtrit of Hie ua'J; llUU a sign or token of this
rcnewetl friendsllip and g-ooo,wiJ1 is the present of a Snail from OJJe Imrty to the o~lter, or an
extlhange of lJ1QlltlSks between them, The llymbolistll and "jrtlw rBBide in the a.Ileged lunicahle
illtIuence orthe hea.d a,ud 'borlls'-why, perh.'1ps comparatl\'e mythologists may be l~bte to tell us.

l'In this country no such fandful IlO(J~H1B hav~ ~;..e;r gail\{'A creden~. The Snails are too

ha,bitui111y hiJ1tlen til nttraet the attention of 'ltD;)' but a few i aDil lOnm when their e::d~tl;\u('A'l is
known, they are unfortuuarely regarded with snch a disgust 8S would preclude any accepta.nce of
them, either for food or medicine."

In Thomas De Vov's ;;Market Assistant;" p. 312t is the following informatioDf whieh refer.\; to
aOO'lt the year 1860: ,I Ft'om the French journQ,l!!. we learn tha-t there are fifty l"t!staurl\uts and

more than t~d'e hundred priYat~ tables 'in Par)~ wbere Bnails !lre itccepted as a de1icai.ly by from
eight to ten thousand consumers. The ma-rket price of the great vinf':yart1 Snails is from 2 fram's

50 centimes h) 3 francs DO fJButimc$ (47 to 66 cents) per hundred, while those of the bedges, woods,

and forest brilJg ouly from 2 francs to 2 francs 25 centhue!! (38 to 43 C811tl'l}. Boails 9.re, and haW'

boon for sevel'ar YBal'S~ impQrtoo [into New York] from El.tro[ffi~ hut are DrincipaU~' used by
fGr{';ign~rB, Tb{',j- al'~ gen~tl\Uy stewed :,fter baNilig boon ecaldml out of their eh",l1.,r

The cmstom-hollse COllnts t}iis import among II fancy grocerlcs/' so that DO .separ8:tB recoril 11l
obtainllblt· of the amount cQllf:ltuned. In the caae of Bf!.veral of t,be large Soutb.€rn species, $Uclt as
the AI/pIe-snail (Ampularia) , tho BuUifl,i~ and the ]arg-fl pond Snails, their remaiua in too shell

heap~ show that in prehistoric time tber forrufjd a regular D3rt of the food of the red mell. The
Seminoles) of Florid". l.md va:dOtl!~ native~B w~t of tht'> R6eky Mountain8, w:s.t them yet.

The Ptetopods"or wlng.footed mollusks, are It sroall group which swim freely thronglloot the
broad ocean. Tht>lr shells are of small eize t fragile., and semi·transparent. They form) therefore,
a.vailable food (or a larg{'. number of surface.feeding fishes) and I,articola;rly of the cetacea; the
right whale, indeed, is said to live almost whQlIy upon oortain speeies Cif them which abound in
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arctie seas and swarm near the surface at night, so that he need only drop llirs jaw and engulf

them b.y the hundred iu his capacious moutb as he swiws along with his head half out of water.

Probably the same thing i!> true of thc other balamoids.

208. THE TUSX-8HELLS-SOLEliOCOliCHA.

The class denominated in Professor Verrill's Check List SoleuoOO1lclla includes onlr one

mollusk that may coneern us at presellt-Dentaliuut. This mollusk (elliefi,v n. pretwllu'llt) occurs

all along the northern Pacific coast of America, and is known to Americans as the" Tusk.shell,"
to RU88iaus as .. Sookli," and to the Alaskan Indians as "lI~'a.qUlt.') Prom N ortherll California

all the waX to the arctic regious the coast tribes collected this shell, polished it, and arranged it
on strings as Illone;y-a eircu~ating medium of trade, similar to the wampum of till' eastem coast.

There were certain ruh\:s as to fineness, arrallgern~\llt, size, amI measuremellt, which decided the

value of the slwll:s oefore and a.fter stringing; and so useful was this allooochick, as tile California

Indians called it, that the llucl~()n's liay Oompany aud other traders adopted it as current coin
in their ouyi[]g antI selling of peltries and provisions.

The strings of DcntaUa were also worn a.':! necklaces by the womell, or twinefl in the hair or
both sexes; as t,rirn ruing for garmen ts, and orIlamcnts for horse· t,mpping;; am] the eq u ipments of

war and the chase. Among other metl..lOds of cmploying tbem to enhance personal clmrl.ll wa(o\ to

insert two of them, poiut to poiut, from opposite sides, through a perforation in thc partition
which separates the nostl'ils, which !.lecora-tion was furiher increased by sticking It brig-ht featber

ill tbe large end of eacll of the hollow shells. This mouey is ~Oillg out of use 110W, and onl;y the

old Indians, OOU8er\,ato;s of ancient customs, attempt to hoard it up. A full acc.()nut of it ma:,r be

found in the article upon l. \Vampum" alread~' alluded to, llrinted ill "The American Naturalist"

for May, 1883.

209. THE BIVALVES-LAIIELLlBRANCHIATA.

It is in the class of plate·,;illed or lamellibrancbiate mollusks, more popularly known as

"bivalves," that we find the most examples of direct utilization by man, or immediatf.' contribu·

tion to the fisheries. Bivahres are widespread and well·known, They afford luxurie8 as well as
solid nourilithment for Olll' tables, enter largely inro manufactured products, serve all ornaments,

and are so beloved by food-fi.shell generally that they are useful as bait.
The partial list of bivalved mollusks that are as(~ertained to enter int() the diet of Ameri

can food·fishes includes the follOWing, mainly from the nortlwTn A tlantic coast as in tbe case of

the gasteropods, and is instructive as showing how extensively fishes depend upon molluscan

food:
EtuateUa americana, Crytvdaria Itiliqua, Mya arenaria, Spisula Qvalis, j"lJ"a-c.oma sabulol/a, Angulus

teuer, Petricola pholadijormiB, "Venus mercenaria, Cyprina islandica, CardiwfII pinmdatu1/'l, Cardium

fslandieum, Oryptodon GQuldii, Venericardia lHJrenlia, Astarte q!ladra,ns, NUCItia ,proxima, Nucula

tmmi8, ¥oldia limattda, Yoldia sapotilla, Yoldia myalis, roldia thramformis, l£da tenuisukata,
Argina pe.rata, .HytiluB edulis, ]{odiQla modiolulI, Mqdiolaria disoo-rtl, CreneUa glandula, Pecten
tenuUxJ8Mtm, Pecten iBla-tttUctts, Pectmt irradians, and Ostrea 1,irginica; to which must be added

Unio, Aoodonta, and other fresh-water bivalves, and the brachiopods Rhynoouella, psittacu8 and

Terebratulina Bq.ltentrionaliB.
In this lLJt many species are of importance otherwise, and some worth notice, although not

fM upon by ftahes, are not mentioned; the first to be named iu thil; latter claas is the dreaded

Ship-worm (Tendo), of which there are seven species ill the United States:
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Teredo navalis, Linue. Cape Co(1 to Florida; Sweden to Sicily.

Teredo norvegica, Spengler. Oape Cod northward.
Teredo megotara, Hanles. Massachusetts Bay to South Carolina.
Teredo dilatata, Stimpson. MassacllUsetts to South Carolina"
Teredo Thompiioni, Tryon. Ca.pe Coo, Massachusetts.
Xylophaga dorsalis, Forbes and Hanley, North Atlantic,
Xylotrya fimbrktta, .Jaffrays. Long Island Sound to Florida; British Columbia; Europe,

The most commonly observed of these is the Teredo navalis. This is the same species that has

attracted 80 much attention in Europe, during nearly two centuries, on account of the great
damage that it has done, especially on the coast of Holland, Its histor;r bas been reyiewed at

length b.r ProfeSi:lOr Verrill in his "Invertebrates of Vineyard Sound," from which the present

account is principally derived .

..Although popularly known a,s the • Ship-worm,' these creatures are not at all related to the
worms, but are true molluskt>, quite nearly allied, in man;y ret>pects, to the common' Long Clam'
(Mya) and to the Phvlas. Li"ke those sbells, the Teredo excavates its holes or burrows merely 1'01'

its own protection, and IlOt for food i but the Teredo selects wood in which to form its holes, and

when these have been exca\'ated it lines them with a tuhe of shelly material. The holes are very

small at the surface of the wood, where they were formed by the youug Tore,dos, but tbey graduallj"
grow larger as the.v go deeper and deeper into the wood, until the.v sometimes become ten inches
or more ill length and a quarter of an inch in diameter; but the size is generallj' not more than
half these dimensions. Thp. holes penetrate the ",'oDd at first perpendicularly or obliquely, but if

they enter the side of the timbers or planks across the grain the burrows generally turn horizon

tally in the direction of the grain a short (\istance beneath the surface, unless prevented l,y some

obstruction, or by the presence of other toredo tubes, for they never cross the tubes of their
companioIl8 or interfere with each other in an,Y way, and there i8 alwa.ys a thin layer or pattitioll
of wood l",ft between the adjaeent tubes. It is, however, not llecessary that they should follow

the grain of the wood, for they can and do penetrate it in every direction, and sometimes not more

than half the tubes run in the direction of the grain, alld they are often very crooked or even
tortuons. The;y rapidly form their burrows ill all kinds of our native woods, from the softest pine
to the hardest oak, alld although they Ulmally turn aside and go around laard knots, they Ilre also

able to penetrate through even the hardest knot-s in oak Bnd other hard woods. The Teredo'!

grow vel'S rapidly, apparently attaining maturity in one 8e&''10D, and therefore, when abundant,

they may greatly damage or completel;y destroy small timber in thtl course offonI' or five mont.h~,

and even the largest piles may be destroyed by them in the course of two orthree years.
"When removed from it~ tube the animal is found to have a very long, slender, smooth, soft,

whiti8h bod;y, tapering somewhat toward the outer or posterior end, which has a muscular, circularl,Y

wrinkled collat', b~" which the animal is, when Ii ring, attached to the inside of the shelly lining of

its tube. To the. im~ide of tuh; coUar two 8bBUy plates, known ~ the ~ pallets,' are attached by

their slender basa.l prolongatiollB; their outer portions are broad and flat, and more or less
emarginate or two-horned at the end. 'rhese are so c:Qnneeted with the mascles that when t,be
animal withdraws its tubes into its hole the free cnds of these pallets are made to fold together

and close the opening, thus serving as an operculum to protect the soft tubes against ~nemies of

all kinds. Between the bases of the pallets arise the siphonal tube.B, which are soft and retrllCtile.,
united together for half their length or IIlOre, but separate and divergent beyond; they are nearly
equal, but the ventral or branchial tube is perhaps a little largE'r than the othtu'f and is frinpl
with a few6mllll papi..U.re at the end.. The tubes are white or yellowiah,sometimea apeeJcled. with
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reddish-brown. At the anterior cnll of the body, awl fMtlu~"t frolH the ~~xternal opening of the

bole, is seen the small but elegantly sculptured white bi\'ah'e shell. The "hell covers the mouth

and }lalpi, lh-er, foot, amI other important org-(l,n". Thl~ foot is it 8hort, stout, muscular orgau,
broadly tl'Ul'lcate or rOlllHled at the end, and appears to be the organ b.\- Illeanil of wilieh the

excavatiou of the burrow i" eftlJctNl. Th~\ t;!hell is con.lreu by it delieate epidermis, allll probahly

does not assist ill raspiug off the wood, as many ha.e snpposed, TIle g-iJls are ](llJg and narrow,

inclosed mostl;y in the naked part of the body, and are reddiosh-brown in color.

"The Teredos ohtu.iu t1ll'ir microscopic food in the sallW lllaUlJcr as otlwr bindn~ lTlolhlSkos, viz,

b.\- Illeau:;; of it curl'cut, of water ctJu"tantly drawn intu the branchial tube by the actioll of vibrating

cilia within; the infusoria aud otlH'r miuute organisHls are thus carried alung to the Jlloutll at the

other end, while the gills are supplied wit.h ox.rgeu by the same current; thc return current

passing" out uf the dorsa,} tuue remO\"l!$ the l\',lstO water from the gills, together with the f3;\(.\C8

anl! excretiollS of the animal, alltl al"o the particles of wooll which have beeu remOH(\ by the
exeanttin g 11l'OCPJ;rii.

"As the animal grows larger the burrows a1'('. deepeued, the lining of shelJy matter increases

ill lengtll and thickness, the shell itself and the pallets increase ill t;ize, amI the terminal tubes

~'TO\lIOTlger, Bllt a8 1ht\ orifices of the termiual tubes mllst IJcce:;;saril.r be kept at the extkrllal

opening of the hurrow, the muscular eolIar at t.he base of the tube,; eunsbntIy l'l\Cedeli from t,he
(HI trance, a.ntI wi 1.11 it t,he pa.llets; at tlll' same time illlbricated 1ayers of shdly matter are usually

tiepm~itetl in the upper elld of tlw shelly tube, which are supposet] to ai,} the palh~ls ill dosing the

apnrture whell the tubes are withdrawlJ. \Vheu tbe animal IlaS completed its growth, 01' when it

hal; enctll11Jtered the tubes of its companiolll:! amI canllot pass them, or Whl>1l it approaclles the

exterior of a t.hill lliece of wood amI ellTITIot turn aside, it forms a rnnml('ll or (~lIp-shaped layer

of shelly matter, eoutinuous with the Iiniug of the tubes and clo~illg np the burrow ill front of

its shell. Sometimes it ret.rN\ts alHI forms a second partition of the sallie kind.

"Tlds species prodlwes its young in :\lay and probably through tlHl greater part or all of the

summer. The eggs are exceellillgly Iluuwrous, probably amountiug to millious, ~U1tl they are

l"('tained in the gill-cavity, where the,y are fertilizecl antI uudergo th~' l]rst ... tagt's of their deye!0ll
lllenL TlIe (lmhr.\"m~ pa:;;s through 8e\'eral mtrious phase8 ,lurillg their growth. In one of tlHJ

early stages they are coverell with fine vibrating cilia, uy means of which they Call swim like

eiliated infusoria; later the,.,. 108e these cilia uull de\-elop a rUdiml'ntuQ' biYah-c shell, which is at

first heal'/;·shaped, amI the mantle be-gim; to appear lUid larger rl.'tractile cilia tlen~lo}l llptJU its

edge, whicb ser.e at; organs for swimming; but at this pt'rioJ tbe shell is largo ellOugh to cover
the whole body when eontracted. In this stage they swim actiyely about ill tIle water; later the

Clilia become larger, a long, lllUl'OW, ligula-ttl foot is develolwd, hy meal]8 of which tlwy can creep

about am} attach themseh'cs temporarily to solid o~jects; the shells become rounder, a pair of

eyet:> and organs of hearing are developell. After this t,he !itt.lll alJimai begins to dongaw, tilt'

locomotive eilia are lo~t, t.he e,ves disappear, and the mature form ill graduall.y assumed. TIJcse

young Teredos, when tbe;r finall;y locatn npon the' snrface of wood·work lind hegin t..:> make their

burrows, Jlre not larger than the head of a pin, amI consequently their holes are at first vcry

minute, but, owing to Iheir m,pill growth Hie holes quickly hecome largt>,r awl deept'l'," 1

This species is very abUuthtllt along the southern coast of :Sew EnglafJu, from New York to

Cape Cod,when.IYer suhmergecl wuod-wol'k, llUllkcli wreckll, timber buoys,o1' floatiug pieces of

drift-wood occur. 'It also infests the bottollls of \"esse!" not protected b,r 8heathing, At !'rovince-

town, Cape Cod, abo_llt for~y fee.~ of the end O~_~~~H~e'~1U1~~I~~_~_~~rfwas _8t)__\~~~\kelle(~_~.! ~~~

1Report, u. 8. Fi~h COInmiMion, part i, 1873, pp. :lH4-:11cl6.
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borings that it completely gave way nnder a rsbip·load of merchandise stored upon it. This vest

is llOt confined to pure sea·water, bnt occurs ill the piIes and timbers of wbarv-cs in harbors that

are not only brackish, hut also mudcly and contaminated WitI1 sewag(\, Capt. B .•r. Edwards
told me tbat formerly when the cedar cbannel- buoys in BnzzilJ'(Vs Hay, l\1l-\~sachusettB,were not

taken lip they wouIeI last not more than two years, owing chiefly to the attacks of this Tcrcdo;
but under tbl) present f\ystem there arc two sets of buoys, which aI'(', alternately taken up and

put down every six months, After a set has heeD allowed to dry thoroughly the.y are scraped
to remoY(_~ the barlUlcl;>f\, cte., and tlH~n T(\c(~iye a thorough coat of \'erdigris paint each time

before they are )lut down. With this treatment tht'y will last ten or twelve y{'1arS, but they

are more 01' les;; perforated and injnred lW(,rr .ypar, until finally they become worthless. This

I'tatt\llIent does not apply to the spar·buoY8, wlJicll are taken up only once a ;year, in April

and May. Cll,ptain Edwards saY8 that the Teredo;; woula destroy an unpa,inted Apar-bnoy in

ODe year, but whell painted with verdigl'h, tlley will only wOI'k where the paint becomes rubbed

ott: The:,' lll'Ht attal:k buo,\'s or piles jUf;t belm.... th(' water's edge, but eventuaH,';' wil[ destroy

the cnt,ire sulnnerged wooeleIl portion. Com melltin g u pOll tIl is i II form ation, Professor V erri II sa.ys:

"Inasmuch all the TeredoI'! produce their ,';'oung (I.]] through the summer, and they develolu3 to

a vel"y large size in one season, it is evillent that the best time to take up the h110yS would be in

midsummer, before· the carl.y crop of ,';'oung hl-\\'c grown huge, and leaving too little time fOJ'the

later crop t,o hecome large, in the buoys thus put tlOWll, before wint.er, when most of them would

IJl'Obably be kiHell by t,Ile cold weather. In thi~ way the damage might be mawrially diminished,

if JlOt inconsistent with the other duties of tile officers of the vessels elllplo,'j'ed in this Hcrvice.

Then, aI'~, as yet, no means of estimating the ('1xt.ent of the damage done to our whan"cs, shipping,
etc., by this and the ,'ariotls other species of Teredo founl} on our coast, b11t, jUl!ging from their

almlldance along the whole coast, it is milch greater than is generally I'.upposed.
"The Teredo navalis is also ahundant on the coast. of Europe, from the Mediterralleau and

Black seas to (Jhril'ltiania and the coasts of Great Britain. Its hahits ha,e been quite thor·

OUgl1ly im'estigated hy several Dutch HUfuralists, owing f,() the great damage that it has done

on their coast, at times even threatening a general illundat,ion of tlw cOllntry by destroying the
wood· work of the dikes. This Teredo oceullies a zone of cOllsidera.,ble breadth, for it often lives

oo1l8iderahly above low-wat€r mark, and ext-ends se..-eral fe~t bfllow it, (WtHl to the de])th of four·

teen fcpt, according to some writers.

"The best remedies in common use to resist or prevent it!' attack,; arc copper sheathing, used
dJil>fl,Y on vessels; broad-headed. naill'l, closel,';, driven, used for piles fl-nd timbers; creo>\ote !Iud

coal-tar, frequently applied. The various poi<ionous 81lbstmwes that have bpen applied to timber
for this purpose, however uiilefnl they may b~ in other respects, ha\'e little or no effect 011 the

Teredo, for it floe,; not depend upon t.he wood tor its food, and even protects it-s body externally
with a la;yer of shdl, liniug- its holes. The only remedies that are likely to succeed are those

calculated to prevent the lodgment and entrance of the young ones beneath the surface. Even...
ereosote, thnroughl,'j' applied Ull<;er )lreSSIUe at the rate of tell pounds per square foot" has been

found immillciellt. to I~reYent their attaelU3, for piles thus treated at Christiania we~ found by Mr.

Jeffre.rs to be filled with the '.reredo within two Jelns after they were put down.

,. Several other species of TeredQ also occur on this oo8St,. Tbe Teredo megota.ra has been found

in floating pine wood at Newport, Rhode Island, and in cedar buoy!'!, etc., at New Bedford, Massa
ehUi"lettH; as well U-/i in Massachusetts BaJ'. at Provineetowll, and otlIer plllCtlS; it is also found as
far south as South Oar-olina at least. This species sometimes grows to a large size, forming tubes

8,t ICMt eighteen inches long. It sometimes ocenrs, aIM, in the piles of wharves in Wis regiou
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[Vineyard Sound, Mas8achu~ett.I'!J. The Tf..'rcdo Tho1U8oni baR been found in great numhers in

the marine railway and also in cedar buoys at Xew Be(jford. It lHul alRo been found at

Provincetown ill a whaling-ship that had cruiRed in the 'Vest Illdie~.

"The Xylotrya jimlJria,ta is yer,y si \II ilar to the common Torei/o: exef'pt, ttl rtt It has long1 oar

shaped pallets, with slender stalks; the hla.Je is flattenN} on the inside and COIlH'X externally;

and l~onsigts of ten to twelve or more fuunel-shapl>,d segments which Ret one illto another; their

margins prC!ject at the 8ides, making the edges of tile hlade apllear serratel!. Tili" species ftJlJlearll

to be indigenous on this coast. It has helm found liying ill a sunken wreck ill LOllg Is1:md SouIld1

near Xew Haven, and I IHlve also taken it, from the oak timllf'rR of a ...-esRd, t,bl' "Peterhofl',"

employell in the hloekftdillg service, during the late ",ar1 OIl U..le eoa~t of the Sonthern States. It

grows to a rather largf' size, often forming boles a foot or more in length and a quarter of an ineh

in diameter, though mmallr smaller. The IHI..]Jt,ts are wmetimes half an iudl lOIlg/'

Less likely to he mistaken for worllls: but, equally c1f'yer at boring: is a, group of shell" {l<llled
Pholads, from the Grtl(lk word 'f'wUw1 lurking. They perforate all substances that are softer than

their own valves, and some that seem to be harder. 'Voodward says: "If, is to be remarl,ed that

the condition of the Pholades is always related to the natme of the material ill whiclJ thl'~- are

found hnrrowingj ill soft sl'a"berts tbllyattain tile largest size and greatest perfection, whilst ill

hard anti especiall,\T gritt,v rock they are dwarf(·d in size and all prominI'll t, points and ridgps

appear worn by friction," The Pllolads have white shells: generally very tlJiu but lHu'l] and

strong, and adorned with rasp.like sculIltllre. It was supposed formerly that tbe excavation WfiS

malle by twisting am} moving this rnn~h .~hell ill tile hurrnw; hut, the lllUSCllllW: dllh·slJaJ!ed foot

is no dOll ht the i nstl'llllH'llt of ahl'flsio\l.

l\re Imve upon the ea,st coast. three Rpecies; but none of them are of pract,ieal importance.

They Illigilt beco1lI1;', a"a.ilahle for food. however: since the same mollusks am I;'lltml ill t.he southe,I'll

counties of England: where they are called "Piddocks," and some cousins (Zirphrea C1'ispata,
PlatydQn canc.eUrfctwl, etc.) are flstee·med delicacies Oll the coa,st of California under the ImIDe of

"Date-fish." Or.!.H'r wt'st-coast spedes (Not'ea; Ga,strochama, et.c.) are enemies of the Oyster,

Abalone, and otlJer mollusks whicll themschrcs have a commercial importance, since tht;y burrow
into their shells and 80 rLlill them for service, to man. There, is, neverthelef;s, all attpntlallt

advanta.ge in thi~, since in a state of naturo the Pholads thus hreak to pieees !lnd tt'IHl to len,}

reefl' that would prove obstructive to naYigoation, partlenlarly in tile ease, of coral banks. When

the object levl~led is an expensive dike or hreakwater, however, the result. is exadlr l't'verlolf'tl, as

it is very likely to b.. wbp.rt'> man's arts -attempt to ehanglC th~~ natural arrangellll'uf, of things.

Our Razor-Rhell (Ell-satcliff, a,mericana) is frequently uRcd for food in Enrope and in ~ew

England: lind its Va,h'BS have oee(tI~ioJlall,\' been applie(l to ll,rt,istic serviN'. It passes under the

various na.mes of "Hazol'-tish/, .. Razor-dam," "Kuife-haudle/' etc., and is t:lltieed from its S;l.IHly

burrow by sprinkling tlalt upon the salld nUliN' whieh it lies: or is roott'll out with a Sllade. .Joh!l
Jossel;"n, Gent., records that its "shell, calein:d llnd lJulverir.M, i8 l~x{Jell('llt to tak(~ off a pin flml
web, or any kind of dIme growing oV{>,J' tlHl ese." The CaliftJrnian Uazor-til'h (Siliqua paiula) is

also edible.

Next upon the litlt comes tlte II Soft Clalll," "Long Clam," or "Nannillo.<;e;; (JJya arenaria),

dear to New Englanders and only le88 nnmerous than the Hard Clam in the markets of :Nell York
and Philadelphia. This Clam lives j llst heneath the surface of the sand and mnd above low-water

ma.rk, ami is easily dug out with a band-shuvel. A very large olaas of persolls all along the shore
from.:Maine to Delaware derive their livil..lg wholly or in part by digging it and shippiug to city

Dlarkets.·· Thisisehiefly the case Borth of New York, however. On the northern oo8l3ta of New-
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England immeuse qlluniitie.,; of this bivalve are collected and salted to be used as bait in th~

cod fishers. Statistic:,; al111 a full tlilScussion of the habits UIHl artificia.l cultun' of this Clam will

be found ill the special chapter de\-oted to the Clams.
\Vasilel] IIp h,Y stHrms frmn the Jeep s<tmh-;-down at least to ten fatuoms helm\' the low-water

line-ami IH~llCP klw\\"11 as tile ., Bp,wh," "Sea:' or "SlIrf" Clam, tlJC huge Spisula solidil!lsima

furnishes occasional repasts to the dwellers along the whole Atlautie shore. It is chiefly eaten in

Mu;;;,;adlU;,;erts, howe,er, and its flesh il> tough nud by some Ilerl:lons eOl.lsidered unwholesome. It

is often cast up ill such great l'juantities as to becoille lwailable for manure, mixed with YlHiom;
other murine animali; of all sorts and sizes ami much "ea-weed. The large, smooth, white valves

are collected itl cOlHdtlerable l]uantitieR to he dei;oratefl inside with pietures in oil or India illk,

which ~l'\~ again sold ill the pieture tltores, often for a good price. 'l'his Clam is also preserved as

bait. On the Padfic coust an allied species (Spisula falcata) serves the various purposes to

which the eastern one iI,; applied.
Following this comes the Quahallg (VenlU! mcreenal'ia,) , which is known in the markets as

"Hard Clum," "Round Clam," or, in New York, simpl)' "Clam." From Cape Cod to Florida it is

very abundant, hut lIIust be gatbere{l by raking, since it does not bnrrow in the shore-sands like

the Soft Clam. .A eommerce still larger than in tbe case of the Soft Clam is carried on with
thi~ speeies as bait, and also for food, in which respect it rdnks next to the Oyster in the United

Sta,tes.

On the Pacific coasl;.-where eastern shell-fish are constantly sent for transplantation and for

iIllIlJP<liate consumpt.ion-there are various biyalves used as food, sucb a.s Semele dccisu" the H Flat

Olam "; MaeQlIw. nasflta" the l'Tenens," of San Francisco; 8chizothrerus N1dta.lli, t.he "Gaper";

Chiono k!tcoinota, aud allied species, which replace eastern" Little Neeks"; and Sa;mdQmus aratu",

to relish which was learned from the Indians.

In reganl to this latter mollu~k (SaxhlmnWl aTa,tuS) it is interesting' to note r-hat its shell was

broken into pieces h,r the Indians of the California coast and worked into flat, circular disks b;y

rubbing upon stone. Bighty of these disks strung upon sinews were in recent use by the Indiaus

of Lake Conuty, California, as a medium of exchange in trade, and were valued at one dollar. In

Sonoma COllnty 8axidotnus gracili-s ",eems to have served the same purpose.

Another form of aboriginal money was made from the valves of the ponderous Hen Clam of

8out,hem Oalitornia (PachydC811la crussatelloides) , already mentioned. This IDOIie'y was called

U h(ttrok," and took the shape of perforated disks which could be strung as beads. Thc larger

pifweR, according' to St.earus, were worth twent.y-tive cents j and were cut from the thicker parts

of the shell; while the thiuner IJortioUkI supplied beads worth only four cents each. Further

information will be found upon this in my magazine article above referred. to.

The pfl.chlfdell11ta and its ueighbor, the Oardium NuttaUi, are considered edible by the west

coast people; hit t. 011 the Atlantic shore, where occur several large ,species of II Cockle" (all the

memlJ£'rs of the genera Cardium, Astarte, Vt'nericardia, sud the like, are called), they are rarely or

lIe",r llsell as food. This neglect seems curioUJ'!, since this mollusk ,is eaten in great abundance in

England, and ma.,y 'be bought e\'erywhere in London dul'ing sammer. OJ Prodigions quantities of

this ~hell-fish arc also consnme.d in Holland, where their cheapness recommends them to the

eOIlHllon people as a principal article of food during the winter." In New England Cyprina islandic«
is eaten 110W and then, but bears a poor reputation ill compariaou with the Quahaug. III the

SOllthern States the large " Painted Clam" (Ca.lluta gigantea) is eqnally available as food, and the

Gllatlwdon cuueafusof the Gnlf of Mexico is already an article of diet, aa well as tUlefulio road

making, to which utility many other mollusks contribute in allseQ·shore towns.
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These thick-shelled bivalves disposed of, a large group of thilH;helied molhmks deserve
notice. Foremost, among these are the :'IJl1sElcls, which are of several l.inds. In Europl." till' Jlyfill18

edulis (which is not different from our comIllon Black Mu~sel or lJoth the east and '''est, coasts) hollIs
an importmit plaN\ among ;;ea·foods. In 1873 til{' mnssel fisLer~' of France alone was worth over

800,000 fralJP./:l ($1(lO,OIIO). ill that country they are rep;nlarIy hrt\ll ill irwlosnr('s of Sl':H·watt>r,

uJlon frames awl hangiJlp; rOJH's coustructed lor the jlurpo"e, and lllany person/; art' eIllpJoYl'{l.

In Bngland, Scotland, Ireland, along the Meditf'rranean, in the West Jlldie", and alOllg thc Whole
circnmfl',rl'uee of SOUtll Allll'l'il'1l, erlihle spceies of OIH' lJallH' 01' anotll('r grow. Our ill!ltilll.~ e(luli"
is drellmpolar in its di"tribntiOll, and i:; exe('ssiYel~y nlllllerOll<i at. all rocky points l'iuitabh' for it.s
growth. III Npw Yurk it is lli('klell ill large qua,ntitie" and sllipped tlll'(lllglwnt the interior 01 tlle

COllnt.ry. ItA l'llcllfo\ an,' cXh'w,!veI., nsco by oy;;f..(>r·pl;JJlters f1~ it eulteh npoJi wllil'll to eateh yonn~

Ossters, alHI wlWJl }lo}i"hel! are made into paint·hoIdp.rH for arti"tH llml YHrioJI." Hl'tjdes of hijonterie

and personal ol,"llarlJent·. The American 11J(1ian."- and thl." natiYf' ::".''1'1'' Z('alnndl'rs {lSI.'(l tlwlJl as
twef'zcr;; in Imlhnp: Oil t tll('ir heal'l]H.

M:usse,Js of H diffcrent sort are the jllorliQlfl [Jlicafula, the Jfo!liola 'lIwd';olu.~, tlJ(' JfmHola 'wmfltu.~,

anll 11lod'iofa capa.'l'/ tIw first two are of the nortlH)l'll Atlantif', t]](' t.hird i,~ morp S\lll tlWl'll. amI

the fourth a native of California. Tlws{\ are sOtIH':t imes l'atl'll, hut are not ('olll"'i(h>r('(l so gomI as

the J[. edulis.On the eoaHts of X ew J prISe)' Hlld L()IJ~ hl:md, how('.\·pr, itlCl'Nlible qmlllti tie;; are

gathered from tlw banks at tIle inll~ts thr()tJ~h thl' lIuter lwndll."s wIlen' they p;rnw, amI an' spread
upon !ilPll."hor(, farms as manure. III gat.lwriug this f('rtiljzel' a lal'!::W numlwr of vessels and mPll

finel irn'g"ular employment at tirm's whf'JI tlIP3" would otherwise be illin.

Another important bivalve in II eomHll:"rci:l1 way is til(' Sp,lllop, fi.~hel'if'." for which f1011l'i''lJ in
Long 1"Ja,1I(1 SoumL Xarrag:a1ll';ett Bay, llUd elsewhere. Large fleets of \T8;;('!s are cngagell in
summer in dredging for these i'<hcll-fisll. TIle powf'rfnl eeutral mm,t\!(' hy wIdell the Hllim"l opens
amI closes its "hells forms thn (~ll ihle portioll, tilt' re"t, bl~ilJg d i";carth,,l. These white fragme1lts Hre

to be limen piled upon platters or f;truu~ ill strings as a cow,tant (h'liea('~' in all our mar];:f.'ts. The

common Scallop of commerce is tIlt' ['etten irradians. Ypars aA'0 tlu' V('T,\' large Spe(,:iCi;, Pn'ffn

islandiculI, lHl inhabitant· of l~H>lt('rn :'\faiJH~ [md the Bay of FIUHlr, 11St·tl t.o he ohtai1J('(l, and was

highly prized for its flavor, but it, ImlS long beRn too rare to I';f'.rv(' aIlY J1urpo..e otlwr thau as a

euriosit:y to eoueho]ogi8ts. A more tlommon and useful >lIW(~il'>l, nort.h of Capl' Corl, iH Pe(fen tenui.

CQ8ttltus, which 81lJlJlliet1 t.he Indians with a culinary illstl'Il111t'lIt" ,wll ilS g'ood flWd.

"Scallop sbells were formerly worn h~' pilgrims on tlwir hat or tIl!' eajJP of tlH'ir coat. as a
mark of their brwlng crossed the sea, for the Jlurpose of !la;\'ing tlwir II(',~oti(ln" at tIJI:': Imly ..hrilH;

in Palestine; in commemorMion of' wllich they are still IH'I',wrved in the 1lrmorial bearings of many
families of distinction who."'" ancestors had lwrformefl that ceremony. From its lJ$~ h~· ('001,,'1

now I this shell hal'; gi ven the Harne to 'Rcallofled' Oysters. III efl.rl,\' times, when plate'" llnd drink

ing-vessels wert.~ not so plt>ntifll1 J'l-S the;y are now, the coucave or hollow Talvf'. of the Scallop Renwl
as a CUll, and the flat vah~e for a plate. The idea ha>l (n-en h{>en c~rried out hy Oilr pottery man·

ufa'dnrcrs, and plates and dishe8 have been molded after the forms of bivalve shells. Hetknles,
ne0dle-books

l
pincnshions, and other articles are made h)' shell·dealers with the senllop IOhdl:'

Of both the Scallop and the ::\Iussel u. special at'A.1otmt will be giVPll in RJlOthcr plaN', eon

sidering the value of eMh commercially.
Tbe fresh~wll,tl;'r hi\'ah'e8 belonging to the lar~e family of the Unionidw ought not to be

omitted in tbis review. To the raccoon, otter, muskrat, ;lUll man,," othpr mammals nnll bird"", as well
as to the fishes, th\.\y are a steady souroo of food. Observing this, the Indians adopted them frolll

the earliest prellistoric times as edible, and enormous hea-ps of she1l8 upon the baoks of many
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of our interior rivers, especially in Pennsylvania, thc Obio Vane~', and the Sout.hern States, show

how extellsively and cOllstnnt.Jy they were sougbt. \Vltite men occasiolluUy eat them, and in case
of extreme huuger would perhaps pronounce a roasted Unio or Anooonta goo<l. SOnll:l~'eaJ:'H l1go a
great furore was created by t.he dislJovcQ! of a line pearl in onc of the linios of.Nortl1 Oarolina-a

tllillg likely to happen iu the case of any of them, since they have an interior which is often as finely

nacreous as that of the :Jlother-of-pearl Oys\er of d.H\ Gulf of California. HUD<.!reus of PNSOIlS

immediately hegan searcbiHg the rivers all over that region, ltlld total e,xtirpation of the poor Mus

sels was prev(~llted only b.y the tliscollragemcut of fnuling few pearls a,utl these of insignificant

size. It is probable that from the heavier Hpecies; ill ealJth·ity, good pearls might be obtained

artificially by following the Jllanlmrsued by the Ohinese with their sea Pearl·oyster. The experi·

lllent is worth trying.
Shells of fn'sb-wutm· Mussels are frequently worked up into pockt,t.bookH and other fancy art.i

cles; as in Hie case of tI.le .JIfytilui'J. When the brown epidermii:! iO! removed a beautifni iridescent

IJolish is obtainable. TIICl'(! llr(~ lllmoM imHll.llCrable \'1\l'ietics of these frt·&I:t-wate1< Mussels, and

full cabinets have a eonsitlerabh; value.

The manufacture of jewelry and shell-flowers COllSllUlCS large quantities of small shells l1ud

and tbe poli..shed opercula of hu'gt, ones, chiefly derived from Florida. It- is said that, in London

about a million of the commoner sorts are sold to stl'eet·llelJer~and eOtliltry peddlers, who retail

them to be made into fancy work and as objects of mtriosity. The 8amt' thing is freqlU'ut.IS seen

ill tilt' United State~, though more eomllionly in the <shape of thtl tra,veling- dealer who brillgs

a large and va,ried 8tock to a country tOWIl, Lires It 8hop for several week8, aUtI Kells his shells

mainJ~' b.r auc.;tiOll.

The sprea{l of commerce and improved facilities for tlredgi llg- have made specie8 ontJG rare now

cOllimon; but a.stoni~hiIlg'prices, reaching hundreds of dollars for a single specimen, in some cases

were paid by owners of eoncbological cabinets for rare species half a centnry ag-o. This stimulated

rel'learch j~lld distributed mnch money among sea-side collectors. Eveu lIOW dealers in objects of

of uatural history derive a large profit by impOl'ting shells whose onls value is their scientific

importance; wbile the iustitutions devoted to their study and the hooks tQ which an interest in

conchology have given rise are entitled to a money estimation not to be despised.



X.-A CONTRIBUTION TO THE LIFE-HISTORY OF THE OYSTER.

(08trea virginica, Gillclin, aud O. edulis, Linn.)

By JOlIN A. I{YDER.

210. OUTLINE SKETCH OF THE COARSER ANATOMY OF THE OYSTER.

"The gellcralslrueture of l~nOyster may tw roughly represented by a long, nalTo\\, memorandum

book, with the buck at one of tlw narrow ends instead of at one of till' long oneR. The COYl\fS of

sucll a unok represl:'JJt, the two .sIH:lIs of /lw OySH'l" awl tIlt' lmul.: relm·.~elJ/s t.lw Jlillge, Ol' 1:l18

area where tile two nl.lve" of the shell are f:l"'t,ell(~d together by tile hinge ligament. TIJis lif,;:lment
is all elastic, dark·brown structul't:', whieh is placed in sneh a rf'latiOlJ to the "alves of ttl<' shell

that it tcuds to throw their free· ends l~ little apart. III order to uutlerMaud its mUlilwr of workiug,

open the memorullIlulIl hook and place between it.s leavcs. du~e to the back, a sJnali pil'lJC of
rubber to represent ttw lig-HlU(,tlt. If the fn1e PIlUS of the cover arp pulled to;.:'d-IH'l' t Iw l'ubber

will be com})l'esseil awl \vill throw the con1rs a.part a8 soon as tlley arc loosened. Tlw ligament
of the o~'st('r·shell teud", by its chlsticity, to keep the shell open at: a.\l tillle,;, and while the

O,\"l'Ite1' is lying uncli:".tul'bed uJlon the bottom, or whell it:". muse1e is cnt, or wht~1l till' fluimal is

dyiug or deall, the edge8 of the shell are separah~d a little.

l'l'lw 811el1 is Hlled b,r n thin membnwe, thl' mlwtJI" whicll t'old,~ down 011 e:R'1l si<le, mul rna.}'

be compared to the lpaf next tile eovel' Oil ell,ch side of the book. The Hex!:, two leaves 01" each

side ronghly represent the four goills, the so-callcd 'Ut':1l'd' of t.he Oyster, which !lang" IIOWII like

ll::avt·s into tlw space inside the two lobes of tht', llwntle. '.rile remaining" leave" ma,)' be compared

to t,he hody or viscera.! lIW,S.~ of the 0sstel'.

"Although the Oyster lies Ullon tIlt, boHom, with OIle shell abo\'e and one below, the shells
are not npon the top amI hottom of the bol!J', but npon the right and h.'ft ;;ides. Tlw two ghells

are ssmmetrical ill the ,young Oyster, bnt after it, lJecOJlw:". attached the lowe]' or il-ttaclled i'ide

grows faster than the other, and becomes 11~~ep and spmm.shaped, while tlw free vaIn, remaius

neal'ly fiat. In nearly ever:... case the lower or rlet'JI valve is tim It'tl. A s tlll~ hi ngtJ utal'ks the
aut~rior end of tilo hody, an O:\'8ter whillh is heM on edge, with tL(, hiul,!c away h'om the OUM;l'Vel'

and the flat \'alve 011 tile right l'ide, will he placed with its tlortial slll'faee uppermost, its veut.ral

SUl'flwe helow, its anterior end away from til(', ohseryer, awl its po"tel'ior end to\nn'tl him, awl its

right and left sides on his right and ldt hutHIs, respecti\"('!J·.

" In ord(11' to examine the 80ft parts, tilt' Oyster should Iw opeJl(~d hy gent.!y working 1\ tlJin, fiat

knife,blade under the pOsterior end of the right valn1 of the shell; llnd pushillg" the bla(!t\ forward

until it, strikc::- and cuts the !Strong adduetor muscle, which ptlS8f:8 from OlW shell t.. allot her and

pulls them toget,hel'_ As to.(}OlJ as this muscle is cut the valves separate a little, amI tlw ri~ht

val \'e Ill"y be raised up anti broken off from the I~ft, thus exposing- the riJ.:h t- sille of the body.

Tbe sllrfaoo of tbe body h~ cov~l'ed by th(~ IlHlDtle, a thin membra,ulj whieh is attachcu to the body

Oveta great part of its 8urfaceo, but hangs free like a curtain n-roullll !lenrly tin- whoh\ circum

ference. Byraising its edge, or gently tearing the whole right half away from the body, the gills
, 711
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will be exposed. These are four parallel plates which occuPJ' the ventral half of the mantle ca\ity

and extend from the posterior nearly to the anterior end of the body. Their ventral edges are
free, but their don'lal ('uges a.re ullitf't1 to t~,wh other, to the mantle, and to the body. The space
abo,,!', or dorsal to the posterior cuds of the p:ilh;, is occupied by the oval, firm adductor muscle,
the so-called 'heal't.' For some time J was at a loss to InloW how til(> mu~\'lt:' l~,tllle to be ealled

the' heart,' bnt a friend told me that he had always supposed that tbis was the heart, Rillce the
O.y!\ter llies when it is injured. The supposed 'tleath' is simpl,\' the opening' of the shell when the
animal loses the power to keep it shut. Bptwf'fm this muscle and tile binge the spa.ct~ above the
gills is oC(:lIjJied h.Y the body, or Yisceralruass, which is made up mainly of the light.colored repro·
duetinJ organs and the dark.colored digest-h'c organs, lJack(,_d together in one continuous mass.

" If the Oyster ha~ been opened vcrs carefuJl;y, i1 trauspanmt! crescent-shaped space will be

seen between the musyle and thc visceral mass. This space is the pericardium, and if tbe delicate

membrane wllich iorm? its sides bc carefully cut away, the heart may be found without any
dif1iclllt,~·, l~'ill~ in tbis ca·... ity, and puh;ating slowl~'. If the Oyster Las been opened rOllghl~', or
if it has been ont of water for some time, the rate of beating may be Ui'! low as one a miuute,

or even less, so the Iwart must be wah~hed attentivel,\' for some time in order to Bee ODC of
the COil traeti OilS.!' 1

l'he (.brk-purpll.'l searl:> Ileal' th~~ Cf\nt-erl; of both valves are simply the areas covered 1J;y the
attachments of the adduetor, which is eomposetl of a nt"t number of extremely tine mU8cula,r
fibers, whidl eolleeti\'Hl,\' pal'!> l>traight across the slla-ee hetweNI the inside of the valves, being

firmly fixed at either eml of the latter. The tendency to separate the val\'elS at their free borders,

ilJhermlt in the I igament, ill balanced or eounteraeted 1)J' the muscle. The bead end of the animal
lies close against the hi ng e, the point wbere, as previously described, the two val ves am firmly
fixed to each other by ,1 dark.brown, crescent-shaped body, tuc ligament, which. while it sen'clS to
aUa(~h, alsn tend.", by reason of it,s dastic properties, to cause the valves to separate at their free
bonllJrs in order to allow the passage of tIle water inward to the gills, and of f(){)d to the month,

while it also allow." the water which has pasi<ed through the gills to escape by was of the cavity

abov(~ the gills wbieh is prolonged into the clmtea, ellITying' along with it, in its outward. passage,
the freces from tlw Vfmt. The fOl'Pl!oing lines fa,irls deseribe the ffit'A\banism of the shell and in

part the physiological signifi(\ance of the same.

'l'I.Hl struetul'C of the shell is lamilmr, or, in othcr words, it is composed of numerous layers of

a material identical ill COIIlIlositioJl with chalk, deposited one on the other by the lIlantle, the organ

which builds the whole shell in this ,>ay, the chalky su batauce being derived from tbe fluids of the
auimal, which in turn derives it from its food. These layers, deposited a8 they are internally, in
a htlrll.v orgauic matrix, <"1...<'; growt.h proceeds pr<ueet in succc.R.\liull pa st each other at the free edges

of thtl vaIn:s antI c:s:tt,rnal surface of the shell, 80 that, the successive deposits may readily be
dist,iugllished on its external surface, giving rise to a ver;r rough imbricated appearance of the

edges of tlll.', layers on the outside. .At.tempt8 which I bave. made to determine the a.ge of Oysters
from a snpposed periotlic deposition of the shelly material, corresponding to the years of its age, 1
ftl1tl to IJe impracticable.

The structure in the layers of the shell of the chalk or calcic .....arbonattl is minutely pl'iSlWtt.i(l.

Nathnsins·Kolligsborn lJas fOl1Ud that certain portions of the ahell of' the European Oystercontain
vt'ry minnte air-spaces. Both natin~ and foreign J:lpecies are found to have hollow cavitie8 in the
valves, mmally containing water.

..... " -" .....__._-"~._'''.- ...- ._... --_._~--_.._.._--~~ .....__..._..._.--,._---
L W. K. nll(l(lK!': Development oj' the .American Oyster. Smdie!! from the BIDlogieal Uibonl.toxyof Jolwi H-opldns

University, No. IV, 1880, pp. 5-7.
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"In fOOll.t Q( th~ gi.lt%1 th.at i.~l lw.tw't'tu them ~mi the hi.nge, tlLen~ are four flesh]" fulll8-the

lips-two on ea.ch Hidl~ of the hody. TlJey are much like tbe gill!> iu ilppe:tmnce, and they are

connected with each other by two ridges which fUll across the middle of the hotly close to the
anterior ewl, and between the;;e foJds i-; the large oval moutlJ, which is thUf; f;CCll to be fiitnatl'd,

not at the open enu of the slJ{'ll, hut as far awa.y from it as possible. As the Osster is iIuulU~·abl.v

fixed 11pon the bottom, and bas no arms or other structures for seizing food fwd ca.rr;yin,g" it to the

mouth, the ql1N,tiOll how it o1Jtaiw; its food at once ilUg'!{C>lts ihwlf. If a fragment, of (Jill' of tht, gill"

is examiuell witlL a microscope it will h(~ fOllnd to he covert>d with 'Ter~' small hairs, or eiJia,
arran~ed in roW8. Each of t.hel;C eilia i~ cOllstantly swinging' hac],; lHHl forth, with it motion

sometllillg lil't' that of all oar ill row il 19'. The motion is quick and strDug ilJ 0111' direction and

slower in t.he otlwr. As all the dlia of a row 8win~ together, they act like a litle of oar;;, DIll.\" they

are fa!\tetj('(l to the gill, 11 nd as this is immovahlf', they do not mov£' forward through the water, bnt

produce a curnmt of wafer in the oJlPos;it~\ dirpdillil. Thi;;: lwt.iotJ i..., BOt. directed hy till< anillJal,

for it call be (jb8er\'(~d for 110111'''' in a fragmeut cut out of Hw gill, and if sueh a fraglllt>ut Ill' supplied

with frf'$h sea-water, the motion will ('olltiulle l1TJtil it lll'gins to lleeay. '''hill:' thf' O:ysh'r ]it'S

UIlllisturbed on the bottom, with it" lllnsele relaxel1 and its shell opel1, the sea·water is am'll) ou

to the gills by the aet,ion of the eili:l, for although each eilinm is too small to b(O :o;eell without a

micro!'icoW', they co\-er tlie gills in snell great llllTntwrs that. their IIJJitel1 aefion produces quiw it

vigorous stream of water, which is draw Ji tllroug-h the sbell aTHI is t.hell fOrced tllrOllgh very S\lJitU
openings 011 the surf':Hles of tbe gills into the water-tuhes, inside the gills, a 11(1 tll rough thpse tnl)f!s

into the ()adt~~ u.lJo,e them, and ~o O1Jt of the Rhdl agaiH. A@, thp streanl of water pass\'s through

the gills the blood is ail,rated hy contact with it. l'he food of the Oysh>!' eotlSists entirely of mimtte
uuimal and vegetable organisms aud :o;mall partieles of organized mattel'. Ordinary sea-wah'r

contains au abnmlanee of this sort of fool1, whieh j~ drawn jllto tlw gills with the water, bllt [ll-< the

witter strain8 through the pores into the water-t\lhe.~, tlll' food particles i\.re canght on tlle surf;lce

of thp gills b;r a larer of adlIesive slime whieh conn; all the soft parts; l1f the body. AI' HOmI :l!~

thflY are entangled the cilia strike llgaim:t them in l;H1CU a way al': to roll or :o;lide them alollg rhe

gills wwal'(1 thH mouth. When th~y rea(\b the anterior ends of the gi1\l'l thE';\" arc pushed oft' alul
fall between the lips, awl theRe again are c.wered with cilia, which carry the particles forwilnl
nIltil t,hey slide into t.lJ(\ 1Il0ntll, wllich iA a.lwa.y,; wide open and (;i1iated, flf) as to draw tIll' fond

through the oosophagus into the l-Itomaeb. \Vllenever the shell is opeO tlJese cilia are in action,

and as long as the O~'8tcr 1!> breathIng a. current of '(OOl) IS s\illlng 'mto it" mf>yr'[\}.
"The cilia and part.icles of foorl are too smalJ to be seetJ without a microscope, hut if lilJely

pOWdered carmirU1 be sprinkled o\'er the gilJs of a fresh Oyster, which J1ftS been carefully opened
and Jl)aced ill a shallow dish of sea· wafer, careful ohservation will Ahow tIlat as soon fIS the colored

particles touch the gills they begin to "lide along with It motion wbich is quitc uniform, but 110f,

much fal"ter than t.hat of the minute·lllmd of a watch. This slow, stead,Y, gliding motioIl, without

ally visible cause, is a very etrikiug- sight, amI wltn. a lit.tle care the particles may be followt·d up

t\} anillD.to tDe mouth.
"In order to trace the course of the d1gestive organs, the visceral IDass may be /i;plit wHiJ a

sharp knife or razor. If the split ig prctt.r neflf the middle of the hody, each half will sbow

sections of the short, folded oosophagus, rllnning' upward from the Il1outh, alld the irregular

st.oll1a.cb, with thick, semi.trallspal'l'nt walls, surrounded by the compact, dark.grCCIlish Hv-er.

Back of the liver and stOillach the con\'olut~d iotestine will be seeu; cut irregularl~~ at several

points bytbe S6etion.
"There are no accessory organs of reproduction, and the position, form, aIJ(l general appe3r~
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ance of the reproductive organ is the sa,me in both sexes. There is no characteristic by whiclJ a

male Oyster can be distinguished from a female, without microscop(c exa.mination. As the repro
ductiw1 organ has an opening on each side of the body, it is usually spoken of as double, but in
the adult Oyster it forms one continuous mass, with lIO trace of a division into halYes, and extends
entirely across the bods amI [against] the bends and folds of the digestive tract." 1

(The last of the foregoing statements ftH to the imllossibility of discrimiu:tting the sexes with

out tbe aid of the microscore is no longer true, though it was true lit the time the above was

written. '.rhe method of discriminating the sexes discovered b.y the writer is discussed ill another
portion of this I'lketch of the histor;r of the O,yster.)

Tlw stomaeh is llretty llefinitely marked oft' from tlle other portio1ls of the digestive tract. It
may lw said to he th:lt l)ortioll of tl.te latter which is surrounded by tile liver. 'fhe ]lortion of the

intestine immediately following the shod widenell region which we regarded as the stomach is the
most spadous portion of the gut, and in it is lol1g-ed a yery singular organ whieh lms twen (JaIled

the "er.\'stallillc style," This is all opalescent. rod of Ii gJaHs-like transpare1H'-5" iwd gellltilloUS
eomdstence whid.! measnres. aceording to the size of the Oyster, from half all inch up to one and

a tmlf inches in lellgth. Its anterior end is the largest, and in 11 large specimen measure>; nearly

all eighth of an inch iIi diamd{<l', but at its posterior I\ud is seareely half as; thick; both ('nds are
hhmtly rounded. I fell into all error in !'Upposillg that t.his st,~·le was lougeu in a Iolpccial poueh
or i;ac as described in my report. to the .\Jar-,rland eOIIlmi"nioner in 18HO, 'I'llI' ~'er.Jl';talliue style"

really lies in the first portion of the intestine ilild I'xtcmls fJ'OUl the p~'Joric cud of the stomaeh to
ttu: nrl5t. bend ut' the intestine, where there ig a marked C01If';trictioH of the alimentary canal. It

appear8 t.herefol'C to he a sort of looRe valye ill the cayits of tbc gilt; its function may be to

prevent coarse llartides of food from pa<;Rillg, or it may in some ·way :ls8ist digestion. III sped-\..
mens har-dened ill aeid or alcobol thit-:; rod i8 l1<'stroycd, or at least dislllipeal'f', 80 tlHlt 1 have been
unable to find it. The greater Jlortioll of its substance is HJlparent.J~' mude up rtf water,

TlH~ peculiar double indupliefttioll of the wall of tlle iute~tillc is tle8crihed in another place.

The fmeal matters are extrn ded in the form of a demi-c;yJinder, with oue side excavated in a groove

like, manuel'. This shape of the frucallllatters is due to the presen(~eof the 11ol1ble fold. ThB frenes

tbem!'elves are compo Red of extremel,)" flue partides of IJUUI'tZ or sand grahH.'!, the tests of diatoms,
organic matters, 1m mus, eellulose, fragmentg o'll the ehitinous coverings of ~ome of tbe minute

worms and articulates, etc., which have been swallowed and digested by th.~ animal. The auus

is situated on the dorsal side of t,he great adductor muscle where tlJe iIltestinc ends.

Till?, organs of senfolation of the Oyster, though lIot very highly developed, are of sufficient
importance to llH\rit attention. The> auditory sense, althongh I have never bem} able to disllect ont

the auditor,\' v('""ides, J llPl E\atisfied exists, lwcllllse one CtHlllot tlOiRil;r approach an Oyster bank

where the O;\'Rtt\rs are feeding witlJOllt their hearing so that instnntly ever;y shell is closed. The

tentacles of the mantle are often extended until their tips reach lle,)'ond the edges of the ,\-·alv(ls.

If the all imal ill this condition it:! exposed to a strong light the shadow of the hand passiug over it
is a. SI1 fficil'.ut stimulus to (lanSe it. to retract the mantle and tentacles and to close its parted valves.
The mantle incloses, like f'j, curtai.n, the internal organs of t.he creature on either sirle, a·nd lies next

the shell, and, as already stated, flecretes and deposits tlip layers of ca.lcic carbonate composing

the latter. The free edgel5 of the mant,le, which are purplish, are garuished with sl~aU, highly
sensitive tentacles of the Sl1me cotor. 'l'hese tentacles are ciliuted and serve as organs of touch,
and also appear to be to some extent sensitive to light.

1 W. K. BROOkS: Op. cit.,pp. 6-10.
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Tbe nervous system of the Oyster is very simple, and, as elsewhere stated, is to some extent

d~gen.wate in chara<.',{c>;,. It, i~ cQmpm,ed of a pair of gallglh~or knots of mwvou~matt..r, which lie.

just over the gullet, and from tllese a pair of nervous cords pass baekw:trd, OlJe on l'fwh side, to
join tbe binder pair which lie just beneath the adduetor musele. The manik J'l>eeivcs TIcrye

branches from the hiudmost gaugJia or knots of neITOU!'! matter; tllese, as tllcil' centt'rs, control the

cOlltradion aud elongation of the radiating bundles of ulUseular filwrs, as well as tl\()"e which tie
lengtlnvisc along the margin; the former contract and witlHlrn w the edgt's of thc mantle from the

margill of the shell, while the httter in contracting tend to crimp ur fold its edg'es. The teutacles
arc maiulJ inuervate{} b,v fiuenl elllan atiug from tbe hindmost ganglia, while t.he internal organ!;

aTe im.lervatcd from the head or cephalic ganglia. The hind ganglia also l'l'eside over the
contraction!; of the great, addudor muscle. The nerve tllreads which radiate outwarti frol1l it, to

the tentaclcfI dispatch the warnings when intruder!'. are at lwwl tllat it must contract and close
t.he suells.

211. THE :MINUTE ANATOMY OF THE OYSTER.

There is a s£luciou.'> 8f"gmcIltatioll cavity developed ill the embryo which bceonlcs the
subdivided body-c3vit;y-schiZllccel of lat.er sta,ges. Bdwet'll the ectoderm awl endoderm the

mesoblastic tissue is developed appar(~ntly by prolitenttion. so that the seg:menlatiou or hody

cavity becolllNl in Ilart obliterated. Tlw mesoblast of the embryo formed as l1bll\Te stat('ll is the

tissue from which the IlH·1,;l,nlC!Jrme or conuective tiloil'lle of the adnlt i" IJt'n:lopt>d. Thl.' hj(wd

channel.., or canals are developetl in the wescnch,vme of till.' adult-Jll('~()hJa:>t of the elllbryo.

The large, coal'$l> vesicular eOllllective tissue eclls form a i'lort of trabecular network of ]lilJars :lud
tl'ans\'crSl; supports between ,md around which the "anguilleou,; tluidN circulate. The hl(lod

channels or CilJJuls are Ile,e]O},ed directly from the Rpaces bct.weco the columllS anti their

cOlljoiuing masses of connE'ctive tissue t~ells; au exception to thiN i." found only in the f',trtlerure

of the anterior and posterior u.ortre, the heart, und bmnchioeanliac '\'l'sseJs, -which have pW[ler.

walls lined with eUllothelial cells, 'rhrollghout the greatet' part of its exhmt the nWMllchym<l1 or

connective tisi'lue is spongy, its cells being huHt around eomplex anustomosillg SPlH~S for the

blood. There is, therefore, a true schizocrul developed ill the O;p;ter; it has bef'll funned as tbe

mesoblastic tisl'Iue has grown into the segmentation eayit.r and subdivided Uw latter into halmal
canals and spMes. The blood (lells origiuate in all prohabili(v in the saUle war. These are

amceboid, colorless, and measure about oue three·thollSlLudth of flll i1wh in diameter. The vascular

channel."" have no specialized endothelial walls in the mesench.ymal})'lrtH of tIle hod,v.
TiJo a{lductol' lllU8cle of the: shell and the radiating museu!lu' hundh's rtlll11illg from the

insertion of the fonner to the etlp;e of the mantle arc derin'd from tht' nwsohl:1.'-tie eells of the

embryo, the observations of Dr. IIorst on this point. hadng~ I think, eomplt'tely set at rest what

Wlkl formerl,y a matter of theory, The l'lHliatiug muscular bnudles-p,tllial rnuseles--{Jf the aauH.

lie jrn;t beneath the epiblast or ellitllelium on t,h(~ outer I;idl~s of the UHI1I;It~ lea \'P":. Tlll's(' Jlallial

muscles in the embryo arc represented by two sets of dorsal and ventral mnscular lHlIHllt',;, Hl(>

fUllctions of which are to retract the velum into widell tiles are inscrtetl. The mn~eulaI' lilll'l's of
the walls of the heart are not striated and de.c1l8sate in every direr'tion. 'flJ(' illll"!' wall;.; of ihn

heart nrc crossed in various directions by muscular bands or trahccnlm, and a more or less

complete museular septum divides the ventricle in tile median line; tht\ heart i", therefore,

approximatelv four-chambered.
The mes~nChymal or mesoblastic tissues comp1"ioo the grN\t h\llk of the body of the anhnal,

aild exwnd out into and form tlle great.est proportion of the thickness of tlle mantle, aud also



716 NATURAL HISTORY OF AQUATfC AXHfALS.

down into the branchial RaeR between their epiblast.ic or epithelial, ciliated, external wnlls. It
ItlRO forms the principal bulk of the thick vertical, transverse septa which snhdivide the br3lwltial

pouches internally, and forms likewise Ute bulk of the branchial filaments themselves. These
latter are numerous and gi\'e the surface of the gills thpir furrowed or plaited appearanc('. Thp,

individual plaits or ridge:'! seen in section are found to he quite complex and to 1)(' th(~lJlseh'es

compoundly ribh('d amI to have chitiuous rods embedded ill their substance just beneath the

exterllal fOjlithdi:ntl, These rods run lellgthwise throngh the suhstance of the branchial rihlets.

The hrfllJclJial capillaril:'s are excavat.ed ill tIle me8eTwuYIIJal or counective t.issue of the branehial

filaments or tentacles. between which there are numerous openiItgs or ostia for the passage of the
water from the inferior portioll of the pallial chamber into the gill cavitil~s in ord(\r t.o etl'eet

respirat.ion. It is diffilmlt" howen~1', to make this arrangement uuderHtood witbout the aid of

figures.

The mesenchyme also givl'S support to all of the visceral st.ruetnres, tile Illtimaoo Sl~Cl't:tor'y

follides or saecllles of thll li\'er being imbedded and snpported b.y it. The Slime it; true of the

generative structures and the intelStiue. No portion of the walls of the stomach, resophagus, or

hep<Ltie clnet!> can he fonnd the walls of which do not lie directly in eontad with tltis mesenchymal

or mesohla(O;t,ie ti.'lsue. It. also ext.en<1s out into and forms the greawr proportion of the suhstance

of the palps or lips of the Oyster, and is very SPOIlg';V and llig-hly ,aseular in this region. The

ill tern:l! or oral stH'face only of the palps or lip~ are closely plaited with numerous folds of ciliated
epithelium. Thc8c folds may number from one huudred and twent;y-fi\'e or more. The surface of

the palps in the immediate viciuity of the mouth is not plaited or fulded.

'I'he mescllclJ,ymal et'lls are mnch larger thq,n (lither the epithelial or endothelial cells, and will

average one five·hulldredth of an iucb ill diamllter. They ineJose in all cases, hotlt in winter and

summer, a large, irregular nucleus from which a complex network of iutracellular granular fibrils

radiate in all directions throngh the enveloping cellular /olubstance. At one sille of the nucleus

there are al ways oue or more accessory bodies, Ilcrfcct.ly globular, which COilllllicate the charact.er

of the llUdells in a singulat' manner. These vesicular, very hJ'groscopic, mesenchymal or connective

tissue elements are not fa,j:·ceJ]s, as has been erroneonsly "npposed by Brooks. Their nuclei are

invariably cAlntral and not p~rietal in posit,ion, as in fat·cells. These cells are probably very

hygroscopic, as would appear judging from their singl1lar appearance tinder the micro!lcope. They

appear to be widel~' distribnt.ed in the molluscons invertebrates j they were originall~' named
c·vm.icular eOlllleetive tissue cells" by the histologist Schaefer. An O,Yste1' lllay in tbe summer

season absol'b water and swell up so as to fill up almost the whole c3't"ity of the shell, and when

opened it ffiHy lose so mach blood and water in the course of half an bOllr that it will have shrunk

to one-tenth of its original bulk. This i8 II common occurreuce, and is explained bj' the prob

able IJygroscopic character of the connective t.i~sue cells and the spongy nature of the whole

mesenchyme which consists of these elements. This alAO explains why it is tllat O.rsters may be

much swollen ill a sItort time by osmotic action, when immersed in water of a less specific gravity

than tim sea-water ii'om which they were first taken. The process has nothing in common with

what might. he called fattelling, as we sJian see hereafter.

Thel'e is all apIJarent atrophy or wasting away of the meBenchyme of the body-mass and

mantle during the ,spawning seasoll, with a ~reat concomitant de't'elopment of the repro(lllctive

follicles or tubules. In winter the reprodnet,ive follicles atropb;r, when the me;;tencbyme again
incmases in bnlk in the body·mass and mantle. It also undergoes another remarkable series
of changes corresponding to summer and winter. In Bummer it acquires an almostgllLfudike

tr9n8parency, so· that the mantle, palps, and superficial portion8overlyingtbe Vi800ra. .become



THE INTERNAL STRUCTURE OF THE OYSTER. 717

tram.,lnccnt.. In this condition, if the reproductive glands are lllldl'veloped, the dark mass of

the )jypr may be -"h'D through the bodS walls. Towards tbe autumn, on the otller hand, the

oonuective tissne cells acquire a milky ollacit,r and great Holidity as lmmpared witI! their watery,

transparent condition in summ~\". Tid!,; lw;>.t conditioll, which iuvolve!> the who\<'- manU~" tlu: 1m1ll"

and RUIJBrficial pOI·tions of the viseeral mass, iUllicates to the oysterman the eondiUoll of fatlless.

'rhe Oysters in this state are plump; do !lot so readily diminish ill bulk when reHlO\'ed from the

shell as in S:ImlllCr; hut tltat tllis chauge is due to storagt, (If fatty matters 1 lla\'C not yet Sl~en lW,\'

evidence of any sort whieh would amount to proof. There is some oily matter ~ll the O,vKter, but
not enough to aceount for tlw t~hanges wltieh we have de."crihed.

The atroph:v of the conuecti,'e tiHsuc during t,he "ummer sea-soil would a-ppear hl jmlicatt, tlIat

the material for Ule geIwsis of the reprotluetin, elclll('uts was dt'rived from the mesenchyme, by a

direet transformation of its substance in which the ~enerative follides art~ imbedded. It ii'lj in

fftct, the great devl'lopment of thc mesenchymal suustance ill the ant umn and winter, when tile

reproduetive fUTlction is in abeyaIJce1 that. constitut{\S the condition of the animAl known U> o)"l:>ter

men as fatuesf'. These relations illustratc very b.'autifuUy a well·klJowll Jlh~Tsiologit~al principle;

viz) that nutritive processes are very intimately related ttl the reproductive; th(\~- are ill fact inter

dependent.

III summer, when the reproJuct.i,(' organs are gorged witb their productll, their follicles ure

crowded together iuto contact.; in winter, in tbeir atrophied condition, tbes lie imlJedded in the

superficial portinn of' the mCl'!enchymf' of the body-mass, the, same as iJi summer, bnt are mnch

Jess developed, flO as to appear in sections like a \'cry open twtwork of stram]s of very small,

nucleated, incipient embryo cells, tlle connection ot: whicll ma.y be traced into the BOW collapsed

a,lId inwrnally ciliated branches of the o\"irlucts. All th(~ llttrti'l of tlw rf'produciin' apparatus Hfi1

therefore present in winter, lmt in an undeveloped eontlition. The ovillucts bruneh antl spread

over each side of the body-mass just outside of the stratum of reproductive fnlliclt;g allll imme·

diately beneath the mantle. The.y flo Tlot ra,mify through the snbstalH~eof the reprotlnctin organ,

bnt traverse its surface, the follicles eruptyillg their contellts into the ducts by way of openings

upon the inner f~tCes of the latter. The. main openings of tlw oyiducts of either side Opl'U into tht,

upper hranchial cavit,Y on eitht·r side of the hinde,r and Y£'tltnu portion of the bod.y-mass just

below tll(\ muscle. There is but one opening on either side, notwithsta.nding t.he varioll/< l<tnte

ments to th() contmry.

Embryologically considered) the liver is an endodermal structure, a di\'ert.iculum of the

stomach. The great bile ducts pass outward from the cavit.y of the stomach and snlxli\'jde again
and again and end blindly in spacious ovoidal hepatic follicles, the simple plicateAl walls of which

conRist of hepatic cells. The function of the 1i vel' is ill all probability both excretory and secretory,

and takes an aU·important share ill the processes of dig-estiolJ. That the function of the linl!' io;

partialJ;r excft'tory is rendered all the more probable frnm the fact that there is littltl or uo

evidenoo of the existence of a renal apparatus or organ of Bojatlus in the O.rster .,nch a1; is foUJul

in other mollllsks. Dr. Horst looked in vain for a rnd imen t of tilis last strncture in the em br,rns

ofOstrea edUli8. Transverse sections through those portions of the bod,\~ wht're it woulll most.

likely be found, made from both native and foreign examples, exhibit lIO l<tnlcture ill tIle least
degree resembling wha.t is l'egartled as the organ of Bojanu8 in Unio awl ..lIIodonto.

The wall of the intestinc, like that of the stomMh, is ciliated throughout, and is also of eudo
dennal or hypoblastic origin. Us wall is foldl'd inward alon gone sidt\ in a peruliar Wit,\", so iliatits

lumen is more or less cresoontic in eross-section. This arrang-ement, ttlgetber with tbe very minute

lJlh\ol'fold5 on ita inner surface composed of long, columnar, ciliated epithelial cell!» iUCWMei; the
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amount of absorbing 8urface very materially. The internal surface of the stomach is also very

much plic;lted; but lJere the folds are both large and conspicuous, with small folds oftell inter

vening. There are llcither annular nor long-itudinal muscular fibers in the wall of the intestine;
the sole motive force tlf\ed in the propulsion of the ingested food appears to be exerted b;y the

ciliary coyering which everrwlHm~dothe.s the lnternal surftlce of the alimentary tract from the

montlt to the anus.
It would appear that tlte intestitlf' mak{'H two complete bends upon itflelf at a ver.y earl~T stage

of embr.yonic life, according to the observations of II()r~t, long' before it measure", a ninetieth of
an inch in diameter. The dc'-elopment of the )jver seems to be at first lateral and somewhat
ventral; an arrange,nl('ut traces of wltich ma." still be noticed in Cl'Of';r;;-s,ections of the adult.

The course of the iutestine in the adult may be des,cribed as follo\\"s:

The mouth is a wide opening between the upper median ang-les of the palpi; so wide, indeed1
that the animal can Bcarcely be said to have an !"esophagus; immedil1tely follows the stomach,
which is seen to Im"e vcr)' pronounced folds illh,rnallY1 with a generally transverse direction, bnt
two of thmw, which lie in a somewhat ventral position, llT(' a ]Jair of inward-projecting folds which

are therlH~elves plicated. The intef\tille tIlen follows all oblique coursl', downward and backward,

when it makes a sharp bem! retllrnin/:\' beneath the floor of the pericardial SJ1UCC, pas8ing obliquel,Y
upward and forward, somewhat to the right and dorsal of the stomaclt, when it crosses exactly
over the mouth or v('ry short gullet1 pasiling downward to the left side of the animal, alongside

amI it little to the lower side of the l'ltomaeh, when it again turns upward and passel' over the

perieardial space to end in the rectum just over the middle of tbe adductor muscle. The dusters of

hepatic lobules or follielf's dip down into the foltls of the walIi'! of the i'\toltlach, but the U\'cr doeR not
follow the course of the intestill(~ pr"per, whil'h is provided internally with a eurious pair of longi

tudinal and parallel folds, which project into the intestinal cfwit), aud extend from the p;yloric end

to very near the RHU". The presence of these folds give!" to the froeal matters their singular appear
ance, which are Dot in the form of a cylinder as they leave tile vent, but ill the form of a tube with a

part of one side removed. Tracillg the course of the intestine b.v sections is not the proper way;
they can bt~ very ('afii!r dir;;8ected out for tlH:,ir t'lltin' length boY nwatHl of the scissors and forceps.

The s;'i'stemic heart of the Oyster is that orA"an which serves to propel and redistribute the

colorless blood of the animal through the hody for its nourishment, amI through the gills that the
blood itself m~r discharg(~ into the water the pOiSOllOU8 ga8es with which it is loaded in passing

t,brough the bodS, and receive a fresh supply of oxygen as fresh supplies of water ].)a8$ through
the gillfl. 'I'he heart eonsists of three principal eham ber",; the npper, largest, whitish and partially

di"id,'d h~' a median septum or lJartitiOIl, is the tJCI~t1'icle, and the two lowermost and smaller,
brownish paired chambers are lmown as the auricles. These three chambers which comprise the

heart of tIw O:lster lie in It crescent-shalwd sllace, the pericardial spaee1 just forward of the

adductor musch:'. '.rIle ventricle i!':l almost globular; its walls are made up of a delicate meshwork

of Ilustriped muscular fib(m:l, which nre 80 interlacml as to be altogether untraooable. From the
veutriele a great posterior and an anterior aortic vessel arises. These two vessels distribute tbe
blood to the posterior and anterior portions of the bod~' of the animal, but soon divide into paired

ve-8scll'l whiclt traverse the mantle OIl either side both anteriorly and posteriorly, while one great
median branch passes forward over the stomaeh. Tho blood is really distributed soon after

lea,'ing the main ve88els, especially in the body through the llI110ngy connective tilllSU6 spaces, as
alread~' described, and is collected into a great ventral canal from which it large part of it passes

into the gills. From the four gills 01" branchial pouohes the blood flows lnwk totbe ventricles-



SEX 0.1<' THE Al\-lERICAN AND EUROPEAN OYSTERS. 719

through six great branchiocardiac vessels, three of which are arranged Oll each side; two pairs of
these are a.nteriQr in pof'.ition and onc pair posterior. .

TIl{' cireuhttion of the OYBter is quite different in character from that observed in it vertebrated

animal. In the latter the heart pump!; the purified blood to and throngh the gills before it paSl>es

to all parts of the hody; in the Oyster, on the other hand~ the fresh, pure blood i8 pumped by the

heart frmJl, tl..l~ gills oofoye it passe" to all pal'ts of the body.

A curious anti interesting point which I think it desirable to mention, h('cause I haye 110t

noticed that attention has 11itherto been espl'cially called to jt, is the metllmorplwsis of the larval
Oyster into the adult. A. de Quatref'ages 1 lms alluded to it, but not in explicit, terml;. I have
BhoWIl in my sket<.\h on the growth of the animal that th('; lanulslwll W3l'. quite dift'erentf'rum that.

of the adult, ill fact, more like a yery diminutive pi8idiurn than anything else. The metamorphosis

of th(~ larval she1l7 or rather its passage into that of the spat, if; abrnpt. ~ot so with HIe soft part8 ;
tIle oldest larYiIl :)'llt studied by ally competmlt, bio]ogi,<;t show that 1he mont.h of tbp larva, is

placed on the ventral Aide of the embryo7 and that Ute hinge is situatNl on almoe:.t. eXHlltIy th~

dorsal or opposite side, The ventral position of the month of the larnlj and its allterior or cephalic

position in the adult show tbat a very import9nt !Serip" of changes in tile llositioll of the yil;cera

must ta,ke place between the time when the lan-a loses itl:> prillt'ipal embr}'onie feature:" amI
acqnires the adult arrallgeml:>nt and relations of its hard :Uld 80ft. parts. III otber word.", we are
made aware, after instituting" tIle foregoing comparison, 111at the Oy1;lter aetuall.Y underg-oe~ It

metamorpllosis.

If an Oyster be carefully ol'ened it will he found tl13t thl' animal adheres to the shell at four
points, or at two points on either valve. Tbe prineipal poiJlts of attachment fITe (If c()nr~{' thl'

iusert,ions of the great compound adductor muscle, made np of two portions whkh may htl
distinguished hy the color of the cut ends of the component fibers.. Tlu~ gn'llf. f'ilidd·sIHlpetl

purple areas on either yalve mark the points of insertion of the great adduetor jJl tlw.Amerieall

Oyshlr, and also in the Portuguese form, which resem1Jles it considerahly. III Ostrea edulill, or t.he

European species~ the insertion of t,be adductor mmwle is very rarely colored, ~o rarpl;y illdel'(l that

wo mny regard this feature as one of the specific marks of this form. I1nt in both t.hP American

and the Ji.Jnropean f!peeies there if! a second mmwular at.t.nchment, as iIllplied above, whiclJ appears

to have been very genet'ally oYerlookel1. It if: ~itllated neaTI'!' to tlw hillge that! to the. grt':lt

adductor, and i~ sometimes market! by a slight depression not O\'cr an eighth of an indl ill it~

greatest transv(~rse diamehw. It giyes a.ttachment to ll- feehle mni\cnlar bundle which ...prings Ollt

of the mailtle on either side of the viseeral masR, aud when the lwimal is torn loo!<e a Illight

whith,;h sear on the soft part marks its posit,jon on the surface of the mantle. I hayc been

informed that Mr, W. H. DaH, who bas iuYestigated the nlllttf'r, has id('ntifll'rl this muscle with

the pedalllll1scle of some other acephalous mollusks.

212. SEX, SEXUAL PRODUOTS, AND DIFFERENCE OF THE SEXUAL lIABI'rS OF THE
AMERICAN AND EUROPEAN OYSTERS.

'~The number of male cells which a <lingle male will yield is grellt ooyontl al! }lIHn'r of

expression, but the numher of eg-gs which an average female will fumish mar be estimated with

sufficient exactness. A single ripe egg measnres about one five-hundredth of an inch in dill,meter,
or fivellundred laid in OJ row, touchiug each other, would Dl&ke oue incil; and a square inch would
COntain flve hundred such rows., or 500 X 500=250,000 eggs. Nearly all the eggs of a perfectly

lMotamorpbOllM of Man a.nd the Lower Animals. Tranmtad by H. La-wson, M. D., pp. 104--109. London, 1864..
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ripe fewale may be washed out of the ovary into a beaker of sea-water, and, as they are heavier

thau th{' sea-water, tlw;y soon sink to the bottom, and the eggs of a medium-siMd female will
coyer the hottom of a. heaker two inches in diameter ' .... ith a layer of eggs one-twentieth of an inch
(kvp. Tlle ilrea of the hottom of 11 hNlkl:'"r two incbes iII diameter is littIH more thall three square
inf'lIf>S, and a layer of ('gog'S one.twelltil\th of an inch deep, covering three sqUrLre inclHlS. if! equal to

,OIl(' t!lree·/o;n'lltidhs of nil inch deep and two square, and as a single la:yer of eggs is one flye·
hlllHlrellth of all inch thiel.:, a layer three-twentieths of an incb thick will coIltaill seventy. five

la,\"t'}"" of cg-gs, with ~50,IJOO eggl> in I'ach la.yer, nr 1H, i50,OOO eggs. It is difficult to get the eggs
jlt'J"li--'ctJ,r purE'; amI jf Wt' alJO\y one·)ullf for forej1!ll matter aJld errOl'S of measurement. and for

iJuperfeet contact betweell the ('g-gs, we shall ha\'e more t1UUl nine millions as the number of eggs
laid hy nil O,rJ'lter of aYcra-ge !lize, 11 number Wllich is probabl.y less than tile true number,

"1\Whius estimates tlle 1H1ll)ber of eggs laid h.y an average European Oyster at 1,012,925, 01' only

·olle-lliJlth the 1J1Imbpl' laid by an ordinary American Oyster; but the American OyRter is very milch
Jar,!!1'-1' tlWIJ the Ellrope:l-JJ, while its eggs are less than OlHH,llirtl as Ia,rge; so the want- of agreement
bdweell the;;e GstiJllatp8 does Hot iudimtt{', that eitber of them is correct. I Another estimate of

the Humber of eg-I!s laid hy the European Oyster is given b;y Brton (' History of the Oyster and

Oyster Fisherie,..,' by T. 0. E;\-tOll, London, 1858). He says, p. 24, that thcre are about 1,800,000•
.and tllerefore agrees pretty dosel.r witb Mobius.

"An ~mn8uall:v large American Oyster will yield nearly a cubic inch of eggs, and if these were
all ill absolute contact. with NICh other, alld there were no ]lortions of the ovaries or other Or~ll.nll

mixed with tbt:>,m, the eubie inch wonld contain 500], or 125,000,000. Dividing this, as before, by

two, to allow for forE'igll matter, interspaces, alld errors of measurement, we ha"e about 60,000,000
a;; the possible number of eggs from a single Oyster,

"Althongh each male contains enough fluid to fertilize the e~g8 of several females, there does

not seem to be much difl'crence in the number of individuals of the two sexe8. When a dozen

'Oysters al'e opened and exa-minf'Al, there ma:r he five or six ripe females ando no males, bnt in

auother case fj, dozen Oysters rnay furnish several ripe males hut no females, and in the IVllg rnn

tht> I-Iexes !leem to be about equally unruerom'!. Oystermen believe that the male may be dis·
tinguished from the female b.y certain characteristics, 8ucb as the presence of black pigment
ill the mantle, but microscopic examination shows that these marks have no snch meanin/,:" and

that there are no differences between the sexes except the microscopic ones. It is not necessary

to l1~e the miel'Oscope in e"ery case, however, for a little experience will enable a sharp observer
to 1·f>COgllizf' a ripe fl"mltl~ without the microscope. If a litt,le of the milky fluid from the ovary of
a female with ripe or nearl:y ripe egge be taken upon the pOllIt of a clean, bright knife-blade and
allowed to flow over it in a thin film, a sharp e.ve can barely detect tho eggs as white. dots, while

the male flllill ftppearfl perfectly homoge,neons uOller the same circumstances, as do the contents of
the ot':tl';\' of :u, immature female, or one which has finished sl>8,wning. When the eggs are mixed
with a drop of water they can be diffused through it without difficulty, while the male fluid is
more adhesive and difficult to mix with the water. By these indications I was able in nea.rly

eyN·.... case to jndge of the sex of the O.yster before I had made use of the micr06cope. 2

"Dnring my illnlstigations I submitted more than a thousand O,ystel'sto microscopic

examination. My studies were carried on duriug the breeding season, and I did not:find a ,single

1 :l[obins' me/l6urement, from ,15 to .18 millimeter, is given (Austern und Austemwirtbechaft;, 1877)" the dia,mcter,

not of the egg, but of the embryo, but his figure:! show tllat the Europem1 Oyster, Uketbe Amelic&D, doe8·llOt grow MUch
-tinring t,be early stages .of development. but remaiu6 of about the same lIize WI the egg.

1 w. K. BR(}Ql{:i!; <p. dt" pp, 18--16.
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hermaphrodite. The male cells are so small compared with the eggs that it would be impossible

to state that a mass of eggs taken from the ovary contained 110 spermatQzoa, although they could
not escape detect.ion if Uwy were at all abundant.

"On tbe otber hand, a single egg in the field of the microscope, iu a drop of male fluid, would
be very conspicuous and could not esc..'lpe detedion; and the fact that not a single case of this
kind occurred is sufficient to establish the dist,illctlless of the sexes at the breeding season."!

Writin~ about this matter in 1880, I said: ":No evidence to Bbow that our Ossteris hel'
maphroditc was found during the entire season; nor were my soarehes for em bryo or eggs in

the mantle or ill the gills more successful than those carried on two years before by Professor
Brooks. There is no doubt whatever that the Oyster of Europe nurses its ;YOUllg ill its mantle
or gills for some time; not' can we well qUelltioll the '>cry high \Ulthor~ty of Mobius for AAying

that in most cases the sexes are seJlarate~ and that only one kind of products, ,iz, either eggs or
spermatozoa, are at any time found in the generative organs. Lacaze-Duthier's obsen'ations seem
to confirm the conclmdons of Mobius."

In reference to the structure of the cells which make up the body of the Oyster, as well as
regarding the eggs, Dr. Brooks, on page 19 of his essay, writes as follows:

"Each of these consists of a layer of protoplasm around a central nucleus, which, in Ute egg,

is a large, circular, transparent bod,)' known as the germinative vesicle. Each cell of the body is
able to absorb food, to grow and to multiply by division, and thus to contribute to t.he growth of

the organ of which it forms It part. The oyarian eggs are simply the cells of an organ of the body,
the ovary, and they differ from the ordinar;y cells only in being much larger and more distinct

from each other i amI the~" have the power, 'VhCll «etnched from the bodYl of growing and dividing
np into cells, which shall shape themselves into a new organi~m like that from whose body the

egg came. Most of the steps in this wonderful process may be wa.tched under the microscope,
and owing to the (lase -with which the eggs of the Oyster may be obtained, this is a very good egg

to study."
Brooks has represented the freshly laid ova of the Oyster with a spherical nucleus and

nucleolus; the former is large and clear, and is imbedded near the center of the egg, and inside of

it the nucleolus is lodged somewhat to one side. I do not:6nd the latter spherical, as described,
but formed as if composed of a larger and smaller highly refringent pair of SIJheres, partly fused
with each other, or of the same form as the nucleoli of the eggs of Anodonta as described by
Flemming.

Some investigations conducted under the allspices of the Dutch Government indicate that the
structure. of the generative organs of the European Oyster is not, as has been supposed, strictly

follicular, but that they may rather be regarded as a mass of' anastomosing tubes of irregular caliber.
The complete proof of this has been developed hy the writer in the course of investigations carried

out upon our native Oysters, in which the generative organs were very immature during the
winter season. Both Brooks and myself have spoken of the generative foUieleg as thongh they

had been clearly made out; it now appears that we will be compelled to modifY our terminology
somewhat, in the face of the f/Wt that I have Bections of the immature generative organ wbieh
exhibit it as a network of germinal cells, as well as 5ections of the mature organs wh.ich show a

more or less distinct tubular strncture opening toward the surface into the superficial or surface

outgoing canals. At t,he same time the tubes show more or IBSS extensive junction or anastomosis
with each other at certain points along their length, with a. general tendency to he disposed
vertically to tbB 8urfuoo of the vi8ceral mass. This arrangement reminds one somewhat of the

I W.K. BJWOJt8: 0]>. cit•• p. 35.
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more or less parallel disposit.ion of the seminal tubules of the testicles or milt of fishes and higher

animals.

In microscopical cross-sections of the adult O.yster, whether it be male or female, the repro
ductive glands are found to be oomposed of a great number of minute pouches or follicles. In the
gross arral1gement of the follicles no differrnce bptween the sexes is discernible when thin seetioJls
are scrutinized with the microscope. Upon making an examination of the contents of the follicles

wi tlt the mieroseope a great difference at once becomes manifest; in thc male the s!)ermatie

pa.rticle~ in the follicles l111pear very finely granular, and if mature the tails or flagella of the
spCTmatie particles tcnd tn be directed toward the outlet of the follicle; in the female, sections of
the follie1ps show the eggs in various stage8 of development attached by their narrow extrmnit..v

to the wall" of the reprodnctive saccules. The e~g is pyriform iu shape while atill in the ovary,
but rhe 8talk is not as long as in the eggs of RcrobifJularia, as described by von Jhcring. As

elsewhere statell, the oyst{\r-egg is not globular when fir"t extruded. It will be readily understood
that tbt; sexes ma.;y be verj· l'eadiJs dil'!tillgnished by tbese and other marks observed in sections.
Tlw imillutuTIJ ova. arc vastls larger l1mn the Rperwatozoa, whieb measure under the tell~thousandth

of an inch at their largest end. Tlw head of the spermatozoon of both tltl! Ameriean and European

Oyster is globular; that of the spermatozoon of the Soft Clam (.iJfya) is ovoidal in form. The tail

or flagellum of the spennatic particle is the locomotive organ which lashes back and forth very
rapidly and propels it througb the water and finally brings it into contact with the egg.

213. NEW llIETHODS OF DISTINGUISHING THE SEXES AND OF TAKING THE EGGS OF
THE OYSTER. 1

DII3URIMINATION OF THE SEXEs.-Oue of the first requisites of a practical syRtem of arti~

ficial fertilization of the eggs of the Oyster is a means which, in the hands of unskilled persons,
will enable them, without the aid of a mlcroscope, to iIlfaJlibI~' distinguish tbe sexes apart. SlIch

a means we now propose to describe. IIa\'ing tested it practically, and found it possible to

in!:\trnct persons of ordinary intelligence in a few minutes, we have flO hesitation in offering an

account of the metbod so as to make it more generally available in the hands of those who may
be interested in this snltjeet.

It is premised that the spawn is squeezed from the reproductive glands by the metbod to be
IlfJllCrihed further on. As soon all the spawn is emitted from the generative opening in conlleqnence

of the pressure exerted upon the gland and the ramificatiolls of its ducts, it ill drawn lip by mea1l8

of It Rmall pipette or medicine dropper, provided with It small collapsible bulb at the upper end

whieh is held between the thumb and forefinger. Pressing th.l hulb between the fingers, then
illlmerOliug the open end of tbe pipette into the extruded spawn, and then allowing the bulb to

expand by its own elastieit.v, it win (iraw or suck up the spawn which has been pressed out very

neatly; and if one is careful, absolutel.y nothing but the spawn is picked up. One soon become!!!

,ery expert in the use of tho pipette.

The next requisite is a shaUow glass dish, or even a plain tumbler will auswer, into which
SllY a llalf gill of clean sea~,vater has been poured. Taking up the extruded spawn from the

opening of the duct it is dropped from the pipette into the clear water. This last simple operat,ion

enables us to tell without fail to which Hex the products belong. If the creamy white rnaI'M! consists

of eggOl which have been pressed from the generative openings and is drop~d into the water, it will
at once break up into a granular cloud as the spawn strikflS the latOO1", the grallulM themselves

'Tho obolervatioJll3 and experiments discussed in this article were condncted at Saint Jerome's Cnlek during the
mouths of July ood Angwrt., 1882.
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bt'ing" n'ry tlist.illt~tly \-isihle, eSlh't~ia]]y if the glass Yessel he resting UpOJl a darl. gronlHI so ns to

bring tlH~ whitish gr;l1lnks iTllo reli(>!'. ']'11(' grHllllle;; arc nothing HJort' 1l1<11l Ill(' oya on"ggs of t.ht,

OyRtm', HIIl1 at onep illdieat;\ that tht' ll)(li\'illlml frolll whieh they wt'l'e obtaiJLt~d i;; a fpmale. In

ease tlw product;:; an' male, tilt',," \)1'(.1\].: np as tll('.\' mingle with tlw water ill to a mill,,\' white d()lltl

ill which 110 granules al't' dsihle to tht' nakpd t'ye. It is also very important to Obsl'ITe t1lM as the

milt i.',; stirmd ill the wat.t'1' it hreaJ,s np at first into long, fleec,! whitp clouds whil'h resemble very

strikingly in miniaturn wllat aI'(' known to lIl('tt~()rolog'ists :lS drrlli> t,loud;;: or, vnlgarl,\-, "mare's

tail,,/, rmuilHliTlg till!' of the;;e jll t,lw way ill which the tine pa.rtielt,,, of milt give rise to streaks,

wisps, aud flhers as it hrt'.a]u; lTp in tlle water, witlHmt g-iving I'i~t' to ~I.lly visi\)lt' gTanular appear

a nce as Ol'l'IlI'f; ill the ease of till' female jl1'ollllet;;, but t,o an Opal{lSl~t~,llt. or milky aspect. Thet;e

distilldions, OIlce It'l1l'lletl, an' sO pal]laIJlt~ that. the novice Jllay a,,,; infallibly di;;tlriJlJiJlate the t,;exes

of the Oyster apart \)y tlHlir :tid as ean h(~ lltHlt' h,\' thc must skilled biulogist with a powerful
microseope.

THE nIl'ltE(i-!'i\ATTO::'i! OF 'l'IIe .l<xi-Gs.-The method formerly usml vms to first karn tllf' sex of

a Immuer 'If adult U,n,tel's with Ihe mict'oi-icope, thell cut out tht, g"t'tltJratin' glauds with their

prodncts and ClIO}! up tllO",e of difl'erent SPXCiS separatdy in small t\j;;hes \vith l:wa-watel'. 'Ill is

system we may now' SHY is llll,rbaToll;;, hecallse it it,; crude; large lllHJJherf; of e/{g;; are dl·sll"o,\.-etl

hy crushing', or an' ilJ.iIlJ'(~d h,\" the rough 1Il,;a.gli to wllich they are /\luh.kelett, and, hesides, tlwrt~ i;;

no assuranee that tlll:' egg;; or milt operatell with are quite matlll'e. It is also trouhle.'Solllt~ to free

the gcnl'rati\-e glaud frolll fragments of the Ii vel' whieh hell' to jJollute the wat'lel" ill the jllcubat,ing

yessels with pH tresei1Jle organie matter~ and thus interfere greatly with the lile aml health,\' devel·

opment of the embryo;;.

By our method the objt,etiollable features of the old phil, as stat.ed a.hov!', art' overcOlIJp. If

possible,t,;eleet good-sizedOyt,;ter.~; open tlJem with the greate8t p08",ihh·care "0 a" mIt to JJJutilat.e

the mantle alld lilOft parts. Ua"refully insert an oyster-knife betweell t.he edges of tlH~ vaIn'.',; RlHI

eut the great addtwtor lIlJI;;de as clost' a.Oi possihle to the \-alve which yon illteml to remove,

Jt'aYing HI(' mJimal attached to the other nllve, whieh, if possible. should he the left, or det~Jle"tone.

The son parts hl'ing tirml~" fixed or }Ie}d fast 11;,/ the great adductor Itlllsde to t,]1C left, yalve

pnw,,'nts the lIlJimal from sJjppin~ uuder the eud of the pipette, held tlatwi1-\e, as it i~ g;,mtly and

firlllly gtrokl'u oyer the gener,ttive gland and duets to force ont the generati ve products.

To prepare the alJimalg to take the spawn ii"olll them, after opening, the fililtlwing lJI'twautiolJR

are to be ohscf\~ed: Note that the reproduct.i\~e gland in great part envelopet,; tllt:' Yiseeral lJJa~8,

and extends fmlll t,h(l htlart spa{~e, just in front (If the great, 1tdtluetor, to witll in a half illeb 01' ;;tl of
tue head Ol' mouth end of the animal, which lies Il('xt h) t,htl ltiuge_ l"'ote a];.;n Ihat !lotlJ l'itlt's of

the visceral mass wII idJ ille10S88 the I:\tOlIlaeh, liver, amI iJl t,e8t,ille are ell velopml on eit,he)' sidtl hr
a membrane whicil also lies just. next the "lwll nud is garnished by a fhnge of purplislJ, sem;itive

tentacles along its entire border except. at, the ht'ad em) where the ltI.antie of tht' left side pa~ses

into and is continuous with that, of thc right Hide of the animal. 1'be vt)JJtral 01' lowermost side of

the animal, anatomically spealdllg', is marked by tIle four closely corrugated gi II plateK or poueht~""

which are preceded in t'ront b,\' the fbur palps or lips, but hoth till' gilJs :tntI palp!' dt'IWIHI

downward between the lower borders of the mantle (If the right amI left, side... , Note, too, that

if the mautle is carefully cut :md thrown lmek Oil the exposed side of the animal hd.\\·ptm tlw

UI1IWl' edges of the g-ilis autl the lower edge of the (JUt 01' exposed eud of the gTea,j addudor

muscle, the lower and hinder hluutNI end of the visceflllmasl; will be pxpo.'Sml ttl d('w. It is on

either side of this bhmtetl end of th., visceral mass between the upper \\tlge of the g:ill;; alltI lower

side of tlw gn'at lllllsele tbat tlte repnlllutltin' g-lalltl>'\ ope II al most exa,:: I.y I)clow tlw ~J"t~at lHh1Jwtor.
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From these openings we will afterwards find, if the animal is sexually mature and the operation is

properly conducted, that the spawn will be forced out in a vermicular, creamy white stream. But

in order to flllly expose the reproductive organ we should carefully continue to sever the mantle
of one side with a sharp penknife or small scissors, some distance forward of the great muscle
toward~ t be head, entting through the mantle just above the upper borders of the gills and following

a cavity which lies between the latter and the lower border of the visceral mass. A little

experience will teadl 01le how far it is necessary to carr;)' this incision of the mantle. 1·'01' some

dista,nce in front of the heart space the mantle is free or detached from the visceral mass and
reproductive organ which lies immediately beneath~ and tbis enables one, if the last described
incision has been properly made, to almost completely expose the one side of the visceral mass

and the richly tinted, ;rellowish-white reproductive gland which constitutes its superficial portion.

The opening of the gland and its snperficial ramifying ducts being laid bare on t.he eX!loseU. side

ofttle animal we are ready to press out tile spawn 011 that side. Before lJeginning this, however,

it is important to observe that the llrincipal duct pasSt~S down just along the edge of the 'Visceral
mass where the latter bounds the heart space, in which the heart mas be observed to slowly

pulsate, and that this great duct cnus somewhere OIl tbe surface of the ventral blunted end of the

visceral mass. To expose the great or mail! generative duct it may be necessary to cnt throngh

or remove the pericardial membrane which incloses or covers the heart space OIl the exposed side.
1ftbe Oyliitel' is se:xuall;r mature~ tile main duct will be observed tu be distended with spawn, and

tbat, originatillg from it and branching out over almost the entire surface of the visceral mass,

there are minor ducts given oft~ which again and again subdivide. If these are noted, and it is

obl;erveu that they are engorged, giving thtlill the appearance of a simple series of much branched

great veins filled with cream.... whitt- conteuts, it may be certainly presumed that your specimen is
mature and that spawn may be watlily pressed from it. '

The operation of pressi ng the S pi!Wll out of the ducts requires care. The side of the end of the

pipette ma.y be used, being careful not to crush or br~k open the ducts as you gently and firmly

stroke the pipette :!latwise over the side of the visceral mass backward from the hinge ,towards

the heart space and over the great duct at the border of the latter diagonally downward and
backward to the opening of the reproductive organ. If this haB been properly done it will be

fonnd that the generatiYc products are being pnshed forward by the pipette through the ducts,

as the pressure will be seen to distend the latter, the contents of the branches :!lowing into the

larger and larger trunkB until they are forced outward through the main duct and opening below

the great adductor, where they will pour out in a stream one-sixteenth of an inch or more in diameter

if the products are perfectly ripe. The BexeB may be discriminated as described at the ontBet~ and
it IS well to first find a male by the method already gi\,Ten and proceed to express the milt as

described above into sa;)' a gill of flea-water, adding pipetteful after pipetteful until it acquires a

mnk~' or opalescent white color. As the milt or eggs are pressed out of the opening of the ducts

they are to be sucked up by the pipette and dropped into the water, the mixture of milt being first

prepared, to which the eggs rna,V be added as they are expressed from the females. The jndgment
of the operator is to be used in mixing the liquids; in practice I find that one male will supply

enough milt to fertilize the egg8 obtained from three or four femaJes, and it does Dot matter if the
operation takes from twenty to thirty minutes' time, as the male fluid, which it is best ,to prepare
first, will retain its YitaJity for that period.

It is alwa.ys desirable to be at! careful as p088ible not to get fragmenta of other ti88~es mixed
with the eggs and milt, and the admix tll.l'e of dirt of any kind ill to be avoided. To separate
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a.ny such fmgmcnt!> nicely, I find a small strainer of ooari;e boIling or chee,Be cloth to 00 '\"ery
convenient.

III the foregoing derscription we have described the method of obtaining the "pawn only from
the side of the animal exposed in opening the shell. A little experienoo will enable one to lift up
the hoad end of the animal and throw it back over the great adductor muscle, expose the opening
of tho reproducti"c organ on the left side) or whatever the case lDay be, and also express the
spawIl from that side, thus as effectually obtaining all of the ripe eggs or milt Wl is possiiJle in the
process of taking the game from fishes.

It is remarkable to note tbe suceeS8 attenuing thi8 method, since almost every egg is perfect
and uninjured, the percentage of ova which arc ilJlpre~llated is much larger than by the old

method) reaching, I should say, quite ninety per cent. of all that are taken when the products arc

perfectly ripe, It is also fOUlla that the products are not 80 l'eadil,Y removed by ms process if the;r
are not perfectly mature, which is also to a certain ('xtellt a. safegnard against getting poor or
immature spawn. In the course of an hour after the lll'O(luct.s of the two sexes have been mingled
together it will be found tllat ncarly every egg bas assU1U('(l it ~lobular form, bas extruded a polar
cell, lost the distinct gel'minati ve vcsiele a.nd spot in the ceuter, awl begull to de,'elop.

It is noteworthy that our practicc as herein descrihed has completely vindicated the state

ment made by the distinguished French anatomist and embryologist, M. Lacaze-Duthiers, that

there is but a single genemtive opf'oiug on each side of the "isccml mass of the O,yster, and that,
as we have statetl, it is fouml to open just below tho great adductor muscle.

We have also discovered, since the foregoiflg was written, thltt the use of an excessive amount

of milt is of no ad\'antage, 'rhe water in which the eggs are to he impregnated onl.r requires to

be rendered slightly milky; a very few Ilrops of good. milt ia sufficient to make the impregnation
a suooess. Too much milt causes the eggs to be co,ered hy too large a number of spermatozoa;

thousands more than are required if too much i1'! uo;ed. These super.fluous spermatozoa Simply
become the cause of a putrescent action which is injurious to the healthy development of t.be eggs.

A drop of milt to twenty drops of eggs is quite sufficient,

IOlinediately after the ova haVl~ been fertilized it is best to put them into clean sea-water at

once, nsing water of the 890me density as that in which the lldnlts grew. If the attempt, is made
to impregnate the eggs in water much denser than that in which the adult!> lived, it is probable
that the milt will be killed at once, This singular fact, which was accidentally discovered by

Colonel McDonald and myself, shows how very c,ueflll we should be to take into consideration

every variation in the conditions affecting a biological experiment. If sufficient water is used uo

trouble will be experienced from tbe pollution of the water by dangerous micro-organisms which
are able to destroy the oyster embryos.. From lift.V to two huudred volumes offre~b, clean water

ma.y be added to the volume ill which the eggs wero first fertilized. This may be allded gradually

during the first twenty-fonr hours) so as to assist lWration awl prevent the su.:ffocation of th/.'

embryos.

214. RATE OF GROWTH OF OSTREA. VIRGINICA.

SIZE OF THE EGG.-The egg of the American Oyster, according to Brooks, is approximately
ih inch, being very nearly perfectly spherical after the extrusion of the polar or direction cells

(RicktungfbltUcIum of the German embl'j'ologists). This accords with what the writer hll8 obsenred
in our species, and in the Portuguese Oy,ter, probaNy O. angul4ta La.m., the size of the egg
appears to be about the same, judging from specimens of the latter ex:amined b~" me iu March
last. Jl1d,png from the flgnros aDd the stated amplitlCfltions given in the papet1l of M. DavBine,
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the egg of Ostrea edltHs is Th iuch iu diameter. Estimates based on the figures of' 1\1. Lacaze

Duthiers ~ve dimO::J.sions of do inch. The8e discrepancies I think are prohahly too great, and
rna.\, be due to iUl!wrf'ect micrometric methods. If they are rea} it would indicate a specific
difff'rl·Ilt~e of .wille importallce between O. ed1fliR and 0, l'irginioa,

The actual volume of the egg of the American O,yster wouM aceorllingly be a little more

than F"uo~nr"i'ilr cnhic inch, a solid 80 minutfl that we. are unable to frame any adequate con·
ceptioll of its diminutiveness. Under the best conditions, as seen against It dark back-ground,

it is visible as Jl grayish-wIlite speek ; almo.st flTl optical point. Jt. is from this dimiIJllti Y8 sp]lericaJ
mn,l'1S of li\·jng mattp,r that the young Oyster i8 developed. The de,elopment- of the embryo
proceeds, Ho; far as I can make ont, according to the a,m~OIlIlt-s given by Davaine, Brooks, Horst,
and others, l'1imilarly to that of otbi<r lamellibranchs. To Hatschek 1 we are indebted for the most

Sf>cure foundation for our future embryological investigations upon this difficult group of mollusks;
and \.VA mlTst- not forg'i',t to mention the very important researches of Ray Laukesuw (Pbil. Traus.,
1875), principally upon Pisidium. I have not been able to observe the development of the larval
O;rster IJ('yofJd tne size aUainl!d b,Y it after the <,A)mplete segmentatiOll of the egg, tlJA dEWe10p

ment- of the shell, the velum, and alimentary tract. In fowt, no emhryos which I have attempted

to rear from artificiall)-" impregnated eggs haVe ever lived long after the time, when they began

to take food, whieh is immediately after the,r I1cquire the velum, permanent mouth, and vent,
and are almost or altogether covered. on either Bide by the v('ry l'1ymmt~tricallarvalslwlls, whieh

eOllsist of carhonate of lime laid down in a matrix of cOllchioliue, The isolation of the conchioline
is readily effected hy the URe of acetic acid, the acid dissolving out the lime entirely, I find

that Brooks and Dr. Hor8V have t.ried a similar experiment with similar resuits. The latter

writ-N has ahm been able to watch the development, of the naturally impregnated ova of Ostrea
edulis until a pretty advanced stage was reached. He disagrees with Brooks ill his interpretation
of the gastrubt stage, and tbiuks that tbe invagination regarded by the American investigator

as the blastopon' must he COIIsidered to represent simply the first ru(liment of the shell-gland.

In assuming this position, from what I have been able to gather in the conrse of my own illvesti
gatioll of the tlevt:'lopment of the American species, I think we are bouud to accept Dr. Horst's
dettlrlllination of tlw homolo~y of t,he shell-gland of the O:rster with that of other laltlellibrau
chiate and cephalophorous mollusks.

EARLY S1'AGES OF DEVELOPMENT,-The oral invaj:{iuatiou, according to Dr, Horst, originates

on the opposite or 'Vcntral side of the embryo and has no connection with the dorsal pallial

invagination or shell·gland. The early stages of the American and European species, like the
later ones, l'tI'pear to present no marked differences, except that the latter appears, on the eddence

of Dr. Horst, l'tHibius, and others, to carry the ova and e.mbryo in the mantle cavity, from which

the first-named author obtained his material for stnd,r, by breaking a hole throngh the shell near

the margin, 80 as to enable him to introduce a pipette into the pallial chamber. This metholl of
getting embryos is impossible in our native specie8, which bas wholly different breedingbabits, as

ill proveu by the investigations of Brooks, Winslow, Uice, and IDJ8elf. How much further than
heretofore Messrs. Brooks llud Winslow have been enabled to carry the development of our native

Oyster dnring the past season at BeaUfort, North Carolina, I have not been able to learn, nor do I
know anything more definitely as to how much snccess has been attaiued in the artificial prodtlc·

non of OstrM edulis from artificially.i mpregnated eggs at tbe bands of Mr. Littlewood, of England,

1 Ueber Entwick~<ilitevon Teredo, Arbeiten aU!! dem Zoo1. lu&t. W.ten., Bd, .iii,
• Bijdrage tot de Kennis van de ODtwikkeJingageschiedenis van de Oester (0Btre4ed~L.), door Dr. R. Horst. TijdsChr,

d. Ned. Dierk. Vereen, Dee!, vi, 1881.
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whu bas chimed that he had succeeded in rearing them to the age of five mont,hs, specimen,.. of

which it is said were shown at the Fishery Exhihition recentlr held in Edinburgh.

EXPERI}1EN~'S AT SAINT JEROME'S CRBER.-Our experiments made at Saint Jerom{~'" Creek
durillg the lJast summer gave the lllOst eontradict{)ry results, and the illtcrral of development

between that of our oldest emur}'o wit11 its d iminnti \'e Pisid inm -like val ves measuring about ~h

inch in diameter, and. that of the cmbr,Yo wh('oIl its valves fin,;t begin to lose t.heir embryonic form,

still remains unbric! ged. The d imcll sion s of the em br.yo or .. fry /' as we III ay more Ilroperly call it

when it becomes tixed, are lIt,tween t-c' and io inch aecording as the measurement is made longi
tudiually or trans\·ersely. TIle ditl'ercllce in magnitude between the oldest artificiallJ' incubated

fry seen by me alitl that of the J'oungest fixed em bryos which I collected is very small, amounting
only to ~~ ~ij" inch, or a little mom than T6~ inch. To de.f-ermil1e the relative volumes of these

stages, and consequently the amount of fool! which has veeo taken in and converted into the

structure of the more advanced stage in addition to tho original bulk of the egg, we need onl.)'
take the cubes of their reslwetivlI diameters and (~ollll'are tuew. Taking the diameter of the egg,

or m inch, as the dia.meh.'r of the most advanced embryo seen b;y me, which we will cousider

unit,y, and comparing it with 7'U' iuch, or the trausverse diameter of the newly fixed fr.y, we find,

after having reduced th-e last quantity to its simplest form a~ compared with 1J or the diameter of

the egg, that we have 5.1+. 'l'be diameters theu of the first aud last embryonic or truly larval

stages are to each other as 1 is to 5.1+, llnd conseqllClitly their volumes will be to ea<:h other as
the cubes of these numbers, or as 1 is to 132,fi51+. The diftereue(l iJetween these two quantities,

01' 1:31.651+ times 1, will give us a,pproximately the amount of fooll ma-tHial which hll8 been taken

up by the embryo in passing from the condition when it was first able to feed until it fixed itself,

showing that, the process of growth has been going on vigorously in order tAl augment the volume
of the young creature at the enormOUS rate indicated by our fignres. v.:e have, however, been

dealing not with aboolut.e but with relative or compared volumes only; if the egg contains

"l!1>oo.t·,nrou cubic inch of protopla;';lIlic math.\!' approximate!;", the newl.v-fixed fry, which we will
assume to be globular, and eontains, as ShOWll above, over 132 times as much mat.erial, the

absolute hulk of the latter will be 1ibOoto-OOO cubic ilWh multiplied by 132, or 260~-i+-hoo cubic

inch, which, in its simplest form, i" thtJrefore TIi2h'f1l' cubic iuoh, or the absolute volume of the
newly fixed fry. Ninetj' cubed, or 72H,OOO :young OySkl'S could therefore be coIltained in It cubic

inch of space, if taken at the sta,ge at which they begin to be transformed into spat, This large

number is, of <lOllr"e, small when compared Witll 125,000,000, the number of flggS whieh might be

contained b;y the same extent of space.
THE LARVAL CHARACTER OF THE YOUNG OVSTER.-The prouf of the l:u-val character of

the youngest fixed stage of the Oyster rests uIJon the three following welI·ascertained facts:

1st. The perfect symmetry and great convexity of the valves; 2d. The entirel)' different shape

of the shell R8 cOIDpared with those of the Rpat and adult; 3d. Its wholly different micro

-scopic structure when coIDllared with the later and full·grown stages. The form of the shell, at

the time the animal is avont to begin to uew]op the f>pat sliell, is suborbicular, yery thin, yen

tricose,' resembling in many respects the shell of Cycius or PiBidium, having the sJ'lDmetry of

those genera, with umbones of about the same form and promincnce. These features mark the

larval abell of tbe Uyster so unmistakably that its valves may always be very readily recognized

at th~ tips of the valves of spat under a year old. The larval Y:J,lw's lie on the tips of the valves

of tbe spat like small hemispherical caps, but cau usually not be fouud after the young OyRter
enters upon its second year, as its umbone,;:, together witb the larval shells which surmouut them,
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have heen eroded hy t.lw actioll of tU(l carbonic dioxide in solution in the sea-water. The
presence of the larval shells in all unimpaired oondition on the umbones of the yalvcs of Oysters
is tht:\rl.\fol'c an indication that such specimens are ;young, pl'ObabTy under a.. year old.

'1'11e third character, alluded to above, which distinguishes the larval shell of the Oyster is
the perfeet hOTllog-cncityof the calcarcous matter. Unlike the valve8 of the spat or trauslucid

flab's from the shell of the adult" t,hey exhibit no prismatic arrangement of the calcic carbonate

in fl tnatrix of cUllchiolille. In the valves of the adult and spat, on the otber hand, the calcic

carbonate tell(ls to assume a prismatic arrangement vertical or at right angles to the plane of
the hmg'th and breadth of the flhell. This distinction is so marked that in very young individuals

which have only lately become fixed one may ver,Y readily determine wit It the aid of the micro

scope the line of demarlmtiou along which the formation of the Ja.rval shell ceased and where the

prismatic calc:ueous structure of the valves of the spat began to be developed.

OHARACTERS OF THE LAHVAL SHELL,-The only chara.cters of structure which the larval
shell bas in common with that of the spat and adult are the lines of growth visible in all three.

Thh~ showfl that the valve~ grow in extent at all stages by the addition of lime to the edges of
the val"vefl, each layer of mineral matter amI organic matrix extending over sllccessively greater

and greawr areas; a8 in the growth of the 'lhells of mollusks in general, t.he umbones being

the point.s from whieh the valves grow in an eccentric manner in consequence of the gradually
increu8ing extent of the mallUe-the Bbell-secrctiug or~an-as the growth of the animal
llroceeds. HaviIlg elearl.y defined the nature of the larval shell of the O.yster, up to the time

wben it is ready to lJegill to build or secrete the shell of the spat, we may next discuss t.he

character of the transition from the one to the other.

The transition is apparentl.y an abrupt one. The excessive convexity of the valves of the fry
contrast strongly with the alm(J~t flat lower valve and feebly convex upper one of the spat. At
the free edges of the larval shells where they pass directly into the structure of t,be valves of the
spat there i8 a marked olfMt or angle marking ver.v distinctly the difference of convexity between

the t.wo stages of shell development.

FOOD Ol~ TIlE YOTJNG OYSTER.-As already remarked, I have seen food in tbe intestine

of tbe ;vonng Oyster 011 tbe second day of development, but how long it ma.y take before the
yonng cmbr.Yo of this stage of growth shall have taken and appropriated OIlt~ hnndred and
thirty-two times its OWlI volume of food material, I am not able to sa,y. This it; must do

before it can have attained to the size of the larva which is transformed into spat The food
is propelled through the alimentary callal by the action of innumerable vibratory filaments
which clothe the illside of the throat, stomach, and intestine as in the adult; the intestine,
stomMh, alld liver are lint, bowever, as comp1P::s: as in the full-grown animal.

Of the method of fixat,ion 1 havfl as ;ret learned nothing of value. That this is accomplished

by some sort of byssus r have no doubt. The fact that it is the left valve which is always the

lowermost and attacbed one would indicate that the method of fixation was not capricious or
hapha.zard in its nature.

I would infer f!'Om wba.t we learn from the study of other anima,Is that it mRy require quite a

week before an embryo reaches the dimensions of one-eightieth of an inch, but we have no data

upon which to base any concluaionB of value. Of the la.ter 8wge of devt',lopment we kn~w 8ome·

thing definitely. The main fact which we have 80 far decided is the size of the larval shell.
RATE OF GROWTH.-After fixation the growth of spat is very rapid, llo8may be ,inferred

from the foot that I have found spat I1pon collectors which had not been placed in position
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more lhan a week to ten days, upon which I detcctN1 spat olle-fourth of an iuch aerOSll. In
other cases the following were the obserw~d dimensiolls: On a collector which had becn placed
near a bed of "pawlling- O~'stcr~ fO!' twenty flays I o1,tahwd a !IJl(>l;imell of spat !'lfw(w-sixt(,elltlul

of an inch acrm,s; ii'oUl another co!1ectol' immers(~d for forty-foul' days I obtained "pecimens
thiw,en-shteentha of an hlCh in diameter; from lmother out forty-mgbt da~ys a specimen

measuring about one iuch. Another set of collectors which had been out for se,cnty-nine days

bad spat ",tt:'lchcrl which mNl~l1re{1 one ;lllU tlll'c.e-fourtbs i1H~hf'''' ~lcross, Some !'>till larger spat

collected h.y me was not oyer eighty-two days old, amI ll1{,asurctl nearly two inelH's in length
from the hhlge to the dll'1tal margiu of the Yal'es. ;:,tlH l;trgl'r $lW0imem~ hllYC been observefl

by the writer, which !Jore every (widCllee of having affixed thelliseives during the same
~as(}n.

If we c<llltrasf; tLe above measurement;,; with tl108e given by ~fijbiuR of tlH~ fipat of O. edul~
of known itg('" I condul1\\ that tlm Ameri\~all OYi:>ter p'OWf; nUl)\) or f011l' time:;; ai; rapidly Wi> the
former. For iw,tancc, MCibill8 ligures a Europeau Oyster twelye to Jiftcml IliOllth" old, which
m%sures only one and mw-fourth inches ill. 1\\\\l11\"t('r. COllin.sting thi", with the siz~ Qf thl"

American at seventy-nine toO eighty-two days old, amI measuring from one anti thr{'e-follrtlH:~ to
nearly two illcue,i; in dil.tmetk.f l we w.e how great1s our 8}mcicB surllasi:le.f> that {)f EnrOlle. ill .... igor

and rapidity of gTowtb.
Of the rate of growth beyond the agl;ls given aho.-e I have ouly a few dat.a, based on the ",pat

which was (Iaug]]t Oil collectors put out in Saint .Jerome's Creek in ,July and AUg'ust, 1880_ In the

following l1utu tllll the collectors which had been }Jut out iuto the cret'k were taken lip aHd the spat
f(\tlloved from them. This was then put iuto a box, throngh wh:eh the wat,er (IouM Circulate

freely, and put back into the creel;;, in order that we might be euabled to learu how much gTowtb
these young O.ysters would make during tIle wiutef and next season, I did not have an opportu,

nity to examine them, howey;:']', until the 10th of ,July, 1882. From the time of their fix;ttiou in
,luly and August, 1880, to the time when ] made Illy last examination of tlleSt" specimens, It

period of about twenty-threo monthl'J had ~~ecordingl'y elapsed. One of the largest specimens

examined by me measured three !'tnd thrcc-eighths inches in length Mid two alUl five-f'igllths

inches in width. Another Bmaller xpeeimt'u mcaSllreu two and a, half iuches long and two
and a quarter inches in w1dtb. TIley were about the size of Oysters antilallle for planting, amI I

havo no doubt that in the course of two or three yeurs more, if plaoed under fa\'orable conditioIlB,

they would reach a marketaHe size. TIw inference, therefore, is that it takes at least four to five

years for an Oyster to grow large enough,- starting from t.he egg, to he available for lllaTket.
In order that an Oyster lllay grow to attain the great size of certain single imlividuals wbich

.I have seen, it may take even ten years. I should t.hink it would t.ake at least that length of time

for all Oyster to grow until Its valves would measure nine inehes in length, a few or wlridll1la,e

seen of this: enormous size. These, it must be remembered, were not" Haccoon Oysters" or "eat's

tongues,. as the narrow, elongate individuals ure called which grow so densel,)' crowded together
upon the banks as to be abnormally lengthened. Under favorable conditions, I do llot think
it improbable that an Oyster may live to the age of twenty ;years, attaining C{)ITi';~p()nding

dimensions.

211i, THE FOOD OF THE OYSTER.

OBSERVATIONS AT SAINT JEROME'S CREEK.-The following extracts, taken maiuly from
my report fur 1880 to the Fish CommiB8ion~rof Maryland, will give some idea of the kinds of
OTg&Disma usually enQOnntered on oyster banks and beds. These observations were made at
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Saint Jerome's Creek, a few miles north of the mouth of the Potomac, dUring the monthEi of July,
August, September, and October:

"The food of this mollusk, as is well known, consist1\ entirely of microscopic beings amI
fragments of organic maner, which ure carried b~' currents from the palps and gills, which have
been ahead,}' described, to the large mouth of the animal at the hinge eud of the shell. The inside

of the gllllet and stomach, like some other part8 of the body, arc covered with cilia, so that food
once fairly in the mouth will be carried by their action down to the c[I,vity of the 8tomach, where

it is ca:rried into the folds and deep ponchcs in its walls, and even into the openings of the bile
ducts, to undergo digestion or 801lltion, so as t-o be fitted in it" passage through the intestine to
be taken into the circulation, and finall,Y di8posed of in building up the structm'es of the hod~'.

•,Along with the food which i8 taken, a yt~ry large amount of' indigestible dirt, or inorganic

matter, is carried in, which, in a great lOeatml'e, fills up the intestine, together with the refuse or

Wll,8te from the body. This material, when e:>:amined, l'eveal~ the fact th~1t the Oystel' snbsists
largely on diatoms, a low t.Yl'e of moving plants which swim about in the water, incased ill minnte
Ilandstone case!';, or boxes, of the most delicate beauty of workmanship. These, 'when found in
the intestine, have usually had their living contents dissolved out, by the a(Jtion of the digestive

juices of the stomach. I have found in our own species of Oyster the sht'lls of three different

genera of diatoms, viz: Oampylvdiscus, 008ci'lloOd,u;CltlJ, and Jfavicula. '1'he first is a singularly beut
form j the s("COnd is discoidal j and the last boat-shaped, and all are beautifully marked. Of
tJH~se three types, I sa Vi" a number of species, especiall;y of the latter, but as I was lIot un authorit:r

upon the systematic histor.y of all,}' of them I bad to neglect the determination of the species. No
doubt many more forms are taken as food b,}' the O;rster, since I saw other forms in which the

living matter inside the siliceous cases was brown, the same as in most of the preceding forms
which I have indicated. Some of these brown forms were 80 plentifUl as to color a considerable
surface whereon they grew of the same tint as themselves.

"Besides the diatoms and the spores of algoo l the larvre or young of many animals, such as

sponge8, bryQzaa, hydruids, worms, mollusks, are small enough to be taken in a8 aliment by

the Oyster, though their bollies in most cases being soft and without a skeleton, it is impossible

to :find any traces, either hI the stomach or intestine, of their remain6, to indicate that they have
fonued a part of the bill of fare of the animal. \Ybat, however,demonstrates that !lueh small

larval organislllS do help to feed the Oyster is the Hwt that at the heads of the sDlall inlets or

creeks along the Chesapeake, where tbe water is but little affected by the tides and is somewhat
brackish and inclined to be stagnant, there always appears to be a relatively greater development
of a somewhat characteristic snrfac.e or 8hallow water fauna of minute forms.

"In Saint Jerome's Creek the microscopic fauna of its headwaters is entirely different from
that of the body of the creek; two minute forms inhabit in VRst numbers the former? while I

sought in vain for them in the more open llnd changeable waters of the main body of the inlet,

which are bronght into actiye mot"croent twice a day b~" the aotion of the thles. One of these
torms, un infusorian, 1 one twenty-filth of an inch in length, was found covering every available
surface of attachment, 80 that couutless multitudes of the naked yonng would be lOwimming about
in the water previous to building the curiolIs spiral tubes which they inhabit-..admirably fitteU ill

this state as food for the Oyster. Besides the type referred to, there were a number of other
iu1h8orians, which ill their 8Q-caUed swarming stngeM of ucvelol'ment would ut'.coru~ <1vailalJlc
as Oy"ter food. Of such t~'pes 1 noticed fOUl' diffl"rent specie&, eithec belongil.lg or very nearly

'On the occunence.of~~la,Wright, in tile CheSapcake.Bay.-Am, z..~lild, 1880, pp.610, 811.
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relll.ted to the geuus Cothurnia; all of thB forms built tubes for themsel \'C8. I also lloticed lSen~ral

forms of bell auimalcules, the 8warmers of whieh w0111d become available as food for the Oysters

lying in tbl' viduity,
.. The diatoms 'lid not seem to me to be more abundant. in tlle lwadwaters than in the open ereolk.

There was olle moss allima.l of remarkahle c1lameter, whidl I found in tlw headwaters (JIll~·. Tltis
creature was verJ' alHllulaut, and no doubt, its crnhryos, like those of the infusoria referred to, were
available as food.

"Of free-s wiUlIIling illfusoriml", I noticed a nUlllbel' of genera; oue especially attraeted my

attcutioll from itH snake- like appearance and siug-ularly rapid cOtltortiMIK i it had a tuft of vibrating
hain~ ur cilia at the lWlld elld hI close relation with the mouth. Another more ahundant t;rpe was

the curious gelllls EI1}Jlutes, with a t,hick shell iuclosing' the !;oft protoplasm of the bod~' i tile latter

WlU! of an oval form, flat, beneath aLld l'ouuded on the back, 1'0 that tlte re"emblauee wheu till'
large foot-like ciliH wpre in Illot.iml, calTJ'ing the animal about., was stri ldllgly like It veQ' minute
tortoise, the rel:;emblullce lwh;go heigutened when tuo animal was viewed 1'1 om the side.

•, Hod-Iike al goo of min ute size, the lafnl:~ of crustaeea, especially the vast numl)('fs of extremel,}"

small lar\"ul Copepoda" must, cnter as a. pneeptible fador into the fom1 supp)~' of the Oyster.

"There is no doubt but that the comparativel;\-" qUipSCCllt cOllditiOlJ of tllIl hl'adwat.('fS of tlwse

iulets and creeks, aYailahle as o)'ster-plallting grounds, are more favorable t.o the propagation of
minut.e life than the 0Ilt'll hay or creek", whem the temperatul'C i" lower alld les~ cUllst.anL Prac

tically, tbis is found to be true, for oystermen seem to be gencrall~' agrpeu tha.t O,ysters 'faU(!Il'

more rapidIJ", that i8, feed more liberally in the headwatpl's-blilld extremities oftlw crceks-than

elsewhere. This notion of the oy"termen is ill agreement with my OWll observations tlllrilJg tile past

,year, Oystermen also assert that Oysters • fatten I more rapidl,Y in shallow waters than in deep
oneN, 11 point upon wldeh I made but ft'w observations j but such as I did make tpmled to confirm
"melt an opiuion, In illl1stratioll I ma,Y contrast the condition of tiJe Oyst.er.... ill tlHJ pond leased by

the commission at Saint Jerome's and those dredged off POillt Lookout, in twelJty or thirty feet of

water, OIl the 3d da.y of October, 18W. The Oysters in the pond, by tlll.>: middle or end of S('ptemher,
were ill good cOIJ(lition as to flesh, and lll:lrkctable, while t.hose frmll deeper water off Point I.ookout,
ulld but little later iu the seasoll, were still tlxt.remely poor, thill, aud water~r, am} utterl.... unfit for
lll:trl,ct. These differences in cOIHUtiou, it seems to llle, a.re to be attribut.ed in a great measure to

differences of temperature and tlte a.Lmndanee of food, but mainly to tlw laHt'r."
The.F;e observations give us some hiuts rcgardillg the ad...·llutagI1S arisillg from the cultiylt

!.ion of Oysters ill more or less stagnant wnter, in which, as ill tIle French parks or claires., an
abundance of microscopic life would be genera-ted in eOllsequeuce of It ]learl,)' uniform temperaturc,
llighcr in the earl,\-' autumn months at least than the waters of the open sea, wltere cold currents

also would tend to make it still less uniform and thus interfero with the generation of the minut.e

food of the Oyster. In other words, it would appear that the effect of tht:~ French metuod if! to

furnish the best conditions for the rapid and COlistant propagation of an immeuOlc amount of
microscopic food well adaptetl to nourish the Oyster. That unlike Oysters expof;ed to a rapid flow

of waUlI' on a bottom barren of life they grow and quickly come into a salable eonditioll.

81l''[)ATIONS REST ADAPTED FOR OYSTER CULTURE.-Ill this country uarrow coves and

tnleta with comparatively shallow witter appear to fllrnil'h tbe best. conditions for the nutrition

and growtb of Oysters; and according to my own experience these are 1.1110\ place!'; where we act

ually find minute anima.l and \legetable life in the greates1 abuudalloo, iwd, as might have
been expected, the Oysters planted in such situations appear to he in good condition early in
the autlllDn~ long before tbOM! which are found ill deeper and more active waterJ where tbeir
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food has less chance to multiply. If the French mode applies SQcoossfully to Qn inferior species,

ours, which grows 80 much more rapidly, ought to derive a proportionally greater benefit from
being treated in the same manner. However, before we are ready to deal with the material
on which the Oyster feeds, we desire a more perfect aequaintance with the microscopic life
which grows upon oyster-bed~ and !>wims about in the adjacent waters. From the fact that
the lower forms of life in fresh water often appear in great abundance one year, while in the
next, from some unexplained cause, none of the same species will be fOQnd in the same situation,
we may conclude that 8imilar seasonal variations occur in the phases of the microscopic life of
a given oyster-bed and its vicinity.

INFLUENCES OF ENVIRONMENT.-Such yearly variations in the abundance of microscopic
life are probably the causes of' the variable condition of 1he Oy:'lwrs taken from the same beds
during the same season of diflerent years. Violent or sudden changes of temperature are prob
ably often the cause of the destruction of a great amount of the minute life upon which the Oyster
feeds_ Backward and Rtormy seasons doubtless also affect the abundance of the microscopic life
of the sea. All of these questions have, howlwer, as yet been scarcely touched, and, jUdging from
the disposition of many of our students of zoology to be content merely with a description of Dew

species and the compilation of lists, inst-ead of also entering into inve.!itigations of the life-histories,
the relative abundance of individuals, and the influence of surrounding conditions upon the
forms they study, it will take 80me time yet before we get the information so much dellired.
When we arriye at this knowledge we will know why it is that Oysters taken from It certain bed

are in good condition for a season or two and then for one or more years are found to be watery and
of poor quality, as wen as why it is that the Oysters of certain beds, which for years have had a
high reputation for their fine qualities, are suddenly found to be more or less ~een in the beard,
as I have been informed is now the case with the Oy~terB of Lynn Haven Bay, Virginia. ,

As to the influence of brackish water in improving the condition of Oysters, let me observe
here that those who hold to that opinion appear to forget to bear in mind that bra<lkish·water beds
are often iu the case just described; that lying in shallow, relatively quiet water, an abundance
of food is generated which is rapidly consUilled by the animal!": quickly bringing the latter into
condition, the bI'Mkish stat.e of the water getting the credit of the result.

"Iu a paper publish~d in the report to the Briti8h Government on oyster-culture in Ireland,
in 1870, Prof. W. K. Sullivan, of DUblin, remarked that independently of the mechanical constitu
tion of the ahore and littoral flea-bottom, i. e., deposition of sediment, the currentfl, the tem perature,
ete., the nature of the soil produces a marked influence upon the food of the planla and oodentary
animals that inhabit the locality, as well as upon the association of species. Especially is it the
case with Oysters, that the soil exerts 80 much' m:fluenee on the shape, size, color, brittleness of
shell, and flavor of the meat, that an experhmced person can tell with great certainty wht>re any
particular tlpecimen was grown.l • • • Were we able to determine t.he speciftc qualities of
the soil which produce those dilferellOO8 in the qualities of Oysters, it would be an important step
in their cultivation. Aga.in t soils favorable for the reproduction of the Oyster are not always
equaJ1y favorahle for their suhsequent development; Wld, again t there are many plaees where
Oysters thrive but where they cannot breed. This problem of the specific inflaence of the soil is,
howevert a very dimcult and oomplicated one. First, because it ill almalit ilDp()8Bible ,to separate
the specific action of the aoil from that of the oth{'T CUU.BeH ("DDmeratt>d ; aDd next"becallBe, though
much has 00en written on the-snbject of Oys~rs, I do not know ofan..v systematic series of eXperi·

1& lNmmsou.: RepOrt. 01.l 0ptMIn~, Teath Qmsua.
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ments carried ont upon different soils, and for a sufficient length of time to enable accidental
causes to be eliminated, which could afford a clue to the determination of thc relative irnpOltanoo
of the action of the several causes above (lnumerated at the different ~tages of development of the
Oyster.. . I believe the character und ahuudance of DWtMnacea and Rhizopoda, and other
microscopic animals, in Oyster-grounds, is of primar~' importance in connection with O,yster
culti'\'"atiOll. The green color of the Colchester and Ma.J'ennes O.yster shows how much the quality
may be affected by such organisms. It is probable that the action or influence of the soil of Oyster
grounds upon the Oyster, at the various stnges of its growth, depends mainly UllOll the nature and
comparative abundance of the lJia,tomacea, Rhizopoda, Infusoria, and other microscopical organisllls
which inhabit the ground. I have accordingl;\-' always noted where tlle mud appea,red to be rich in
Diatmnacea" Foraminifera, and other microscopicorgallisllIs. A thorough a study of it few differently
situated Oyster-~roullds,exhibiting well-marked differences in the character of the Oyster from
this poiot of view, by a cornpetent miCI'Oscopist, acquainted wi th the classel;l of plaut.- and animal!i
just mentioned, would be of great scientifie interest and practical importance."

PROTOZOANS Ol~ S,.HNT ,JEROME'S CREEK.-The Protozoan fauna of Sa-iut .Jerome's Creek
presents considerable variety; several species of test-buildiug Cothurnire were uotieed, one

Vaginioolu, three species of Vorticella, or bell-animalcules, free-swimming Buplotes, Na.ssula j of
the latter ty!Je an exceedingl,)' elongate form was noticed, with a body a,lmost as slemler as a
thread-worm. :I'!Ionads were noted solDt'times ill profusion, though some of these lUay JHlove been
the spores of algre. Amrohoid forms were very few, and the only one wiJich was frequently
notiocd was a form so nearly like Actinophry~sol that I would pronounce it the same.

The Freia producta Wright was most common; this creature is related to the fresh-water

trumpet animalcules, and is oue of the most beantiful Protozoalls I bave e"er seen. 1 reproduce
here, with some chnoges, my description of the Chel>apeake form from the "American :Natllralistr

for November, 1880:

"The tubes in which the animalcule resides are formed of a narrow transparent ribbon of
borny consistency, wound into a spiral and terminating in It trumpet·shaped extremit)-, from which

the OI.lIlllcristome of the inhabitant protrutles. The basal or attached end i8 usually hent at an
angle to the tube and hears a stI'ikill~ resemblance to the foot end of It stockillg resting upon the

sole. This portion i8 not compos{'(l, like the tube, of a spiral ribbon, but is simply a thin-walk'<i
sac, from the open end of which the ribbon takes its rise, but it is eom])osed of the same kind of

material. Many of the tubes show a trumpet-like rim prQ.iecting from the sides of tlw former, a
little above the middle, and of the same form as the terminal rim, showing- that this, like tJJe form
deacribed by M'r. Wright frow Britit>h waters, may stop buildin~ its tube for a t.ime alld then
recommence.

"Theadnlt animal, tube and all, when fully extended, will measure one twenty-fifth of an
inch in length. It is of the l:Ja.me color as Stentor creruleus, or bottle·green, bllt has the power of
elongating and twisting itself as greatly as B. rwseli. The peristome is quit-e unlike that of hew,
ampulla and heal1"l a. strong likeness to the blades of a pair of obstetrical forceps. '1'1Ie blaues are

deeply grooved, forming a deep ciliated demi-canal with parallel sides, and at the junction of tbeir
bases lies the spacioas l twisted, and spira.lly ciliated phar;yllx, which is bounded dorsally and
ventrally by the prominent folds whieh unite on either side wit,h the long, curved Jobes of the

!.eriatomt>. l'bero is a small ba-sal disc as in Stenwr, and the ectosa,rc is traversed us in tlJat genus
bYPa.rallel granular bllOds, regarded as wuwular fibers by some writers_ The usual food·balls

and Vaeuolas are present, and I :was enabled to define sharply the endosarc from the ectosarc,
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and clearly soo the nucleus. The tube or ribbon-secreting organ described by \Yright I was unable
to discover.

"When fully extended the basal portion of the animal becomes attenuated to a thin bluish
filament, which wideus towards the peri8tome, where the body is Over half as thick as the inside
diameter of the tube. When fully retracted and resting, the aIlimal resembles in it.s oblong slJape
l\ retracted and resting Stentot", and measures about -h a~ long as when fully extended. The
ribbon which forms the tube makeR from four to twenty·four turns in specimens of different ages."

1'Iris organism I since find to be an inhabitant of the bay also, but is not so abundaut as in
the creek. Small mica collcetors fixed to floating (lorks in tlte hatching jars and aquaria used
during the past season were found to afford a nidus for Frela as Wl~n as Zoothamnt"um, the latter
multipJ;ying at a most astonishing rat.c in a very few days, Under similar conditions, amrnbre,
apparently A. proteu,~, multiplied at a suprisi ng rate; thi8 was the case, too, with a foilDUU brown
diatom which would coa,t in three or four dayR the sides of the glass vessels with a thin broWJJiRh
.film composed of countless myriads of individua,ls of the olle "pecics. 1'he teIU}leratuw of the
bay-water u.",ed in the aquaria at this timfl would range from 760 F. to 89D F. The Vot"ticelUdre

also soon attach themselves, aUflllext to the hypotricllOlIs infusorians found in the loealit~-are the

most important animaleular forms found in the Chesapeake. At the mouth of the CherQ'stone
River I lilst year found IAelHiphora C()nnii in great abundanee ectopara.sitie upon an unidentified

hydroiu.. The heliozoou,Actinophrys 80l, is fouud in the hay and Saint Jerome's Creek, alld I think
it capable of swallowing dead or enfeebled Oyster eggs and embryos.

MVTVAL RELATIONS BEl'WI.;EN THE OYS'l'ER. A~D ITS PREY.-Mobius calls an Oyster
balJk a BiOC(1J'/tosis or interdependent community of life. The many species of animals found
011 the b:CUJ"ks and beds are no doubt more or Jcss mutllally dependent upon each other for
snbsistence, but this is perhaps not an;y mon) true of O~-ster·ballks than it is of terrestrial
fauure. There are no donut vast Jlumlwrs of floating emhr,yos of OJ'sters eaten by other
animals growing on the beds which bring their food supply to themselves by means of
currentf! produced b~'- ciliary motion. On the other hand, there are 110 doubt vast numbers of the
minute swimming embryos of these, drawn in and swallowed by the Oyster, which ma~-, indeed,
for mIght we kllOW, ill this way swallow many of its own young, for the current produced by the
Oyster by means of the cilia clothing its gills ill by no means a feeble one, though it is exceeded
in power by the current flowillg into aud nut of the siphons of 1l1ya. In the latter I hayc freqnentl;y,

upon opening the aniwal, found several Copepoda plainl;y visible to the naked eye swimming
ahout in the wat.t\r in the inferior mantle cavity, Which had evidentl,r been drawn in by the inward
enrrent. It is Illain in this ca,se that very mild means may become effective as preheolilile and
de::ltruct.ive agunts, 80 a-s to bring remotely related types into intimate vital relations.

Thongh an animal may be apparently invulnerable on account of the effectiveness of its
eovering, it cannot emancipate itself from the abiding strnggll' it hag to make to obtain food, no
matter huw passively it may appear to conduct itself. The Oyster has such a charaett>f, ~'et it bas
been apparent from what has been observed before) that it is entirely' dependent for a, vigorous
exi::ltence upon the favorableness of surrounding conditions. The beds and banks in atrne sense
are interdependent communities, whose vigor may no doubt be. impaired by the removal of a single

One of its members. Suppose we should take away the algre, diatom<l, Oyster-crabs.,. vibrion~,
bacteria, illfu8Qria, iu foot all the minut.e life; we should greatly impair if not destroy the vit.a1it,y
of the beds. While it i8 true that many of e.en the smallest fOnDS may dootroy 100dwhicb
should properly be consnmedby the Oyster, that were it not for the pre.Senceof these satrle8DlllU

fimns some del'ltructive element might attain such a devt>lopment as to be more illjnriol1s &till.
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Thel'{'l is theT~for~ no doubt but, tbat a de.)jeate- billaUllc of pOWf'f .il'! maitlta1I1Nl l)r tllf'i;e rivahi

whkh i,;; rn~st for th\:l Lvalth of th(' COlllHliHJit,y, The stahility of lX',l'hio.llellt l~~'Ml'l'-boo,,~ it, llHl£i.t

h(j remClnlwft'd t fllnJislwJ> tit(' I'ight {'.ondHJolls [(;\, til£. IIlll'vival {if lllallY rnw.;,;. It It' a jJb'\t' wlH're

rhby fiud liotb ~t lwm.e uud ph:\nty of fowl. It ~l> tu{' Yer}' ftt\,{lNdJlotH($B (Jlf01'od hy tht,,\~ P~li~6

whkll tr.nt1a tt) indlH;{) IJWfll tt, f:OtlgT<:lgate alII! mujtipl~',an.tl it bccXtmCII a :seI'itm\,- 'l{W~tl<JlI whether

the lwtiilcial e6tubJi"hme}}t of hanks win nDt in tinte, ClaMe th(' IH'<l("-,,r t,.:qWJl to (!{jtlgr«g<ttR and.

umltipl,Y W M U) 1l,llO1~l tLr llt'Hl1ed f(lt)Jl /i;UPll1S fbr t.he Oy~tef1g, Tbat dC8tJ'mltive m ....w!ft.;:c¥ of the

{'A)mmll13ity m3.:, abo be attl'atJt,etl h admiHeJi.. lmt if tbi: hllth lU'B ootal}!i;<.hed in ",ha!lnw wM{\I'l>, <Ul

I hav" Pl<\;\'iO!H;}.r !:!llggMted, tilt! df'8t1'uc·fj,)Jj of ~tldl. mHvelm:WIl') llitrudl'lf" nHI~' }'I' yt'xy l'eadiI)"

c:ff'ectKJd. "lJrillfl" awl lJlJrlllg-t'pongc!'\ an'. natura,B,\' tli- be Uwugbt ,,{' li# t.\-!}t~s which i-;hnuld 1)('.

deBh't)~led~ while diatNI1;;, infuil(ll'ia, small pulypf'" hl'j'QzQa, milluk aJgll". l~k., are to l~ faYQ11:\tl in

I:!very W~)'. Thro,,;e fOTffiS again w&iuh 111<\ o,r;;j,f!r-CuliuriM; know" are only tlll'l'f'. fu!' the ImrpoSi!

of ~ettJllg a gOi>J.1li\'fng with littho tN.mble tQ th<'mS€lw~ (lught, to 1.:1(\ d,"15tr<Jyed,

If might be. all oovant<1_;;:e tv introdu('..; .(~ertai.tl tlesirable forto~ ontu ,1 bank, \dlieh might be

gup~l.sM:l tQ he \l0!(!.f11] 11* a £"'hl HllVply. Infulwria ~~ud diabm~s lwt pf{wim)<;!y ~;'ti'ltHlg might ~~

introdnood 10 thj", W".1;f; thjih, I thill.k, WD-u!f1 b!~ fj:'>peeiaUy ml>sy in t,be C~ of the f,)rmer when,
the tnl'e- W;l$ {l$Jt\ which ig fixed during itll alhllt life.

216, ON' THE CAUSE OF THE GREEN CO.LOa OF THE OYSTER.

ElXl'ERIMRNTS ,\ T ,V4,sunil/;'ro'K Al'D l'RILA.1iELPIll.A,-I have fIWltwnt!.r l'{'ad iH!<wunUl of

Oy5tf't'1J. w h Idl h:lu ht'tJf)m{~ green-fleshed ill (:ert<~iu !QcalWes, alld it lla.R it·lso lX'.f'U U.~S€ltt~l th at

(',(lmprhmt d\~tn18h~ ll»fl diS{~'>Vl"J'etl POlli'tHtOlUI f,"1'I\(;1} 8ub8t{HlfJeS of mdallic m'll:'ill in ,m()u !;I<o:c-i.

llleml. TestJ't 1>14110 at t-lw Smltb&mhm Iutl'tHlitlilll bS rmfL'Ile';1)f Endlich in 18m fa-iltil tu Ilj;,;~,ll»ie

[l,uythilll; pfJisoUlJlJ8 in !WlJ)f', g:rlwn O,n;teN' whidt llllU cs'.',Jted tht' lllispidmt or th(~, Hoanl of II~aH11

of Uw dts of \Va!S!dngt<>u. This irn't'.Ktigah>r1 it j,~ ~1t'6jr<lhltl ttl "tate; f'e:;;oNcd til ~'n)r.r test kuown

to him in ()rd~r to diBC(lV0r if ~l,ll,Ylhin;! [I(l.hwt!ow; Wikl preStlllt, illld fl~i1if)g h' di~m'N' any hitfwful

i\l:l-lM.t~rwe (%llwluded that th(' eulor" mn;;;t tw d lm to 8tmW jnert. mate.fiit.!' Iu on,l(>l' to i,ye,> if the ('..olof'

was due to the IH'l'.&nce of :some gl't'('ll ~o!1lp(Jnnd of cflilpert Prof. H. C. Lewis., of tn~ Aeadewy of
N:'ttnral BdenC('s of Philadelphia t kindl)' made ~{jme d'C'lieate te..\;(ti\ fnI' m"'-', u;;hlg small ddcQ fmg

m{O,uts of all Oyster 'N"r deeptr t.jl1ged wllb gmt'» in yatjiiUS r<'~.-jons~ f'[O.l}8'~ially ill tfll" JjyN; eOll,

nec{jve tiaf;lle, and maude, '.rht> ftllgm eDt<- W('IT: Imrned iu »hea/l i~f lUic'l'UCt>::;llJit; ,,\~lt .md dllOl'irte

of sodium on il clf'<lD vtat.inulJ} \>il'o if) a gai\ flame; {·hi" t.et:;t did liN gh'c- tlH> dJaracH'rllltk ..ky
bhw fuune whieh t;bould ba>e h'.li:ll\ dev(,.)Q~d !tad there be@ tb('l rnillui:est tratl(' of {'.(ll-lp~1"1lrf'l«mt.

It is t1H'N'flJl~clear t.hat thlil imb!<talJ(~tJ-, whatvt'cl' it maT lK~f Ie lwt It corro(ih-(' metallicpoitwtl.

dl!l'~v~d from OOpIl«f, wbil:h if r,l'(!!rent would almo"t tuut(H{htmlly b~ d;·tm.\t{~t bS :~ l)&;llli~u' tl.erid

mtlb\Uic ta3t€~ whicb would he cxper(,uCE',,{l when one att.~ ,"Rch O.rilten~. In makilllt &lllle pmdkal
tt'stil- ~ to th~ r€:lativ~, qlU\!iti<l>1> Ilf .j!ucll O~'1!tH'!; Wi e.oml»-u'f'd with wllit.\~.tl(,'c'lll(';(1 OIh~"'; '.'pptl!'

hmitiee. for which wem kindly fllrnisllw me hy Mr, J. l-l. Ci\flt~~', pf FulttHI :MMker, 1 (aJled !o
d~toot th~ wighteM. diffi:ll'MI',R, of f1~V(ll'. 811eh albO is I'rofeSSi}r I.rl:'idy's verdi\~t, wllo Inf{lI'll~

'lI\e tha.t. hi.> madt'l a /Similat e4perimMt, and :\ rl'stalltateur, with whom I iliscus&t'd tlte wa-tws,
dl::!elR~ that tm WWi h\ the h:.thit of lOe!ecting them fot his own eat,lng, [}tt'furriIIg' tbdr tla-t'(lf t.o

.tb:atuf the white O;'l"ltt>.ts•
. YAEJATWN~ IN cOWR.-If it be {lhjt>ded toat the, green w!or Intlica,tClil ~11 uu&ealthful

OOndltiqp. Qf tb~ animal, it ma.y 00 stated that othel' colti!' 'Variation" of the fttliSb have fanen
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nnder my observation recAntly. What is now alluded to i~ the yellowish, verging toward

a reddish cast, which is sometimes noticed in thtl gills and manUe of both the American and
European species. This, in all probability, like the green color, is due to the reddish·brown
matter which is contained in much of the diatomaceous food of the animal.

Mr. J. M. Carley has also called my attention to these variations, and was inclined to attribute
them to the soil in the vicinity of the beds. But it' the classical writers are to be trus~d) to the
green, yeUow, and white fleshed sorts we rnu"t, add red, tawny, and black :fleshed ones, Pliny

tells us of red Oysters found in Spain, of others of a tawny hue in Illyricum, and of black
ones at Circeii, the latter beiug, be says, black lJoth in meat and shell. Romce and other writers
awarded these the palm of excelience.-(O'Shaughness,Y.) However, the black appearance may
only have boon due to all abundance of the natural purple pigment in the mantles of the a.nimal,
which varies very much in different forms; soIne, judging- from the dark purple color of the whole

inside of the shell, must have the whole of the mantle of the same tint. The amount of color in
the mantle, especially at its border, varies in local varieties of both the American and European

species, as may often be noticed.
Sometimes almost the whole of the outside surface of t,he mantle is oharged with dark purple

pigment cells. That copper is not usually the cause of the green color of Oysters I also have the
additional testimony of Prof. W. K. Sullimu l of Dublitl l who says:

"As the green color of the mantle of O,yster8 from certain loealit,ies just referred to is
commonly attributed to copper, and as such Oysters are consequently believed very generally to
be poisonous, and their value therefore greatly depreciatRd, I made the most carefnl search for

traces of that metal in the muds which I had received from grounds known to produce green

bearded a,fsters. Oysters and other molluseR placed in solutions containing copper and other
metals absorb them and retain them in their tissues. I iJlwe had two or three opportunities of
examining O,rsters which had assimilated eopper, owing 00 mine-water containing it being allowed
to flow into estuaries at places close to oyster- beds. In eyery case the copper was found in the

body only of the Oyster, which it colored bluisbg-reen, and not in the mantle or beard, which wag

not {/run. In the green-bearded Oysters which I have bad an opportunity of examining, tbe bodS
was llot green~ and no trace of copper could be detected in any part of the animal. The color,

too, was not tbe same as that of the true copper Oysters, but rathi:lr that which would result from

the deposition of chloropb:y-l or other similar chloroid vegetable body in the cells."

The Ameriooll consumer, however, need not be alarmed about the presence of copper in our
species, as there are no bt'..ds on our eastern coast into which the wasbingll from mines ever flow,
ill'! we have no workable deposits of copper near any of our beds~as in Cornwall, England~ Beside8~

I am inclined to doubt the statement of Professor Sullinm that Oysters or other mollusks ClUl

absorb copper salts until tbeir tissues are it colored bluish-green." Ever,v competent histologist
knows how very readily organisms are killed by t,he action of inorganic acids and salts~ several of

which are constantly used by biologists in fixing histological characters. Liebig, in his "Animal
Chemistry," long ago pointed out that the oxides and metallic compOllllds of antimon.y, arsenic,
copperl aud lead had a very :remarkable affinity for protoplasm, prOdueing its immediate death.
In oollseqneuoo, he snggested a very high chemical equivalency for living ma.tter. This has since

been confirmed by the studies of Loowand Pokorny ~ who found that silver nitrate w~d produce
a Tetwtion with protoplasm if diluted to the extent of one part to a million of water.

PnOBABLE CAUSE OF THE GREEN COLOR.-It is highly proba.ble that the green color of the
O:rswr is due to the absorption from its food of a harmless \'egetahle pigment. In this country
green-bearded Oysters occur at Lynn Haven Ba.y, Hongers and York lllvers, Virgilia, on the



OBSERVATIONS OF GAnJLO~ AND ,JOHNSTON, 737

coast of Kew Jersey, in Xew York nay, and Long Island Sound. I lJaye scen specimeus from a

number of these localities, and also ta.8t('~ them both raw amI cooked without being ablf' to detect
any disagreeable or apparently harmful flu.yor.

Diatoms and green algm occur ill great abundance in t.he stomach of the O.yst.cr, especially the
former. The int.estille is sOillf'tiuH'S packeli with countless num bel'S of the empty frustnlt·1'l or test..,
of diatoms, mixed with dark, IDlHiIly ooze or seuirnent aud very filw Illtrtieles of sand or q nart,z.

It hilS be(m objected that the green eolor could not 1Je deri\'ed from diatoms, heeause these orgall

isms are, as a rule, apparentl:,' hrown rather than green. 'fhis ohjeetinn 1 find to be b:tsf'd 11JlOIl

a, misapprehension of tIle structnr", of tlJe DiatomaCClc, as may be gal heretI from the following
general state,ment taken from Saehs' "Text Book of Hotan~.," oue of the latest allli hig;hest

anthoritieR. Oil page 22211e sa~'s: "Th", diatom;;; are tlH; only algm exet;pt th,' ConJugata: ill which

the chloroph;yl oeCllrS in the form of disks and ba.nds, lmt ill some forrn~ it, i.'l ahw fouud ill g;rains.

and the green coloring matter is coneeall'll, like the ehlorophyl grains in Pucacerr, by a bnff-colorl'rl
snbl'lhmce, diatomine or Jlhyeoxanthine." It appears, UH"U, aeeordiug to tlw fOrt"golllg' quotatioll,
that it is llot impossible for diatoms to be the cau"e of the green hilt in Oysters, which, let me
remark, is ver;y n{'arly that of some pal(~ grt'en forms of those organism8 whit'h r ba\'t~ ob~t'rYed ill

water from oyster eOYeR where I havE.' comlnded mieroRcopie st,udi",s, Both gn'en and hrown
diatom8 may frequf'utly be found iu the stomach, Hud ill making' exanJiuations to diseon'r them I

find it best to tlJrust the nor-zle of a pipette {!iI'Cctly into the ~tolllach throng-h t,he mout,h amI
resopbagm;. Tlw pipette should IIHw', a eompres8ible bulh,80 a,; to cllabllJ tllW to draw up the

contents of tbe g-astrie cavity into the tube without injuriug tlw animal or takiug up any frag-ments

of it t.o vitiate the experiment.
OBSERVATIO::iS OF GAILLON AND ,JOUN8'1'ON.-Speaking of thtl uhuIltlance of tlle Navicula

ostreada of Kiitziug, 1\1. Benjamin Gaillon, ill lS20, 8aitl that tlwy iuhabit tlJe water of the

tanks or "parks" in wbich tile Oyst{'rs are ~rrown iTr such immense ablUllhtIlee, at, eertam 8t"asons

of the ;year, that the.y can only be compared to the ~rraills of clust which rise ill clouds Ilud

. obscure the air in dust;)' weather. Dr. Johnston,speaking of the French Oysters, 8a;vs that in

order to communicate to them a ~reen color, whkh, as with UI:! (ill Ellgland), eJlhances their
value iu the market and in the estimation Of the {'{licure, tlll"y !l,re placed for a timt~ in tanks
or "parks," formell in particular places near high-water mark, amI iut-o which tlJe sea call he
admitted at pleasure b:r- meang of sluices; tltc water being keIlt shallow amI Idt at TeHt is

fa yorable to the growth of the green C(jujerva:, aml Ulvm; and with these there llrc generated

fit the same time innumerable crustacf'OUS lluimalcllles which serve t,he Oyst.ers tor 100d and

tincture tut>ir lIe811 with the tlcsira hIe h ne.
This la,'lt remark of Dr .Johuston's at first. struek me 118 im proba hie, but I lla\Te met wit,u great

!lumbers of sm all CrulltaCt'aus, Copepod4 mainly, ill tIl e bra.uchia,l eavity of the COllllllon Clam (JIya

arena,ria). Certain peculiar specie8 han; also been tleflcrille(l lI,y Alhull,1l from the branchial

cavities of ascidiau8. :More recently, while iuvestigating the contcnts of the stomach of the
Oyster, h;y the metbod ltlready dtls(~ribed,I find that it alf;oswllllow~crnstaceam" whieh are, cligested
and absorbed as food. Tbe tests of Ill:tuplii or \'t\ry minute larval crustaeNHIK with t1w coutents

digestell out. were fl'equPIlUy Illet with. Doubtless man.,- Yer,\~ 8rnall Copepoda. ar(~ also swallowed

and digested, but tllese are not greell, Besi(h~~ the foregoing, I sometimes mt·t with tho \'err .young

shells of lan'al glli'iteropods and JallwllihrUllt:hl'l: ituleetl, it is lIot improb,thle that the adult Oyster

may consume its own lar\"l'C. The remaius of uryozo!t were also obsen-ed, ,melt as Pcdicellina
4fJUIrica.na.' The test of a lloouliar elongate rhizopod anti the cephallll:t st.age of ~lweral worms
:Were al80 noticed. Of the smaller organi8ms lUlually associated with more or les8 clearl)' marked

4:7F
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putl'ef~\,{~t[ve changcF; \)n~ which I fiud ~IUl()st uuifoTm~y llref'lent i8 a filiform or thread-like Qrgan

ism alljed to Spirillum, It, l!owc\'cr, was nlways found in the stumach in grel1t aboruhtuce, und
i%peei«.llr in th(\ P5"'lorie portion (If thfi\ hlt-estine in whicn th~ \wyoz;tallirw /3:tyl~ j" lodged. Tbi~

organi8ul if!, probahly hatm[es8; a similar one is freQue-,ntl.y foulld 1Jl lWJttl freslt fi,nd t>\l.lt \Vater,
and ha.<_ ht lime'S been i1bT81ofl<ul in proDi~ious numbers ill the reAArv{)irs fmID wlileb 118 sl1ppli8S

\If ~~'ater w(~re tli'awn for a large city, wit-hol1t atl)' e,,'Ldcncfl of it!> having produced a harmful

ety~.{)t \l})(IU tIlOse who drank of thtl wat~r.

Vnnys OF LEIDY, PUyr:;EG-U&~ A:ND DEC.AIS~E.-l'f{)fes8Qt' Leidy, a.t a reoent meeting of
the A.;:adem~' of Na.t-tIm] Sciences of PIJilffddphla, 8tMed it 9,-'; his helief tb~\t QYfsten, fef'lu ~\t

times {}J:\. the ZOO!'ll'or~i',nf certairt atg::e, M. those of Ul1J(!- latissiln4 (M.'a cahbage), which he knflw

from llCl"lii}f\}tl D])SI:'1'l'iltlml 10 btl grl:'ftl)l am. whie)] lIE" thonght mzght, ]ws15ibly be the C:'UIre of

t.he greell (lolomri<HI of tlw i>of'tparUl of the animal UA t\(Jl/.ll';tim~~ obsf't\'ed In ~r(;;till looll.Iiti11:8.

Very possibly this may bfl thl:! ('jlSli'l hut judging ftN)1 wbat I have l',eeu and lJro:rd ff'{)"!U OY8t~1'·

JI!{'U, as Wt;ll as fmm wbat J hrwe read in variQus: publications re18.~i{lg to this matter, 1 am \lot

inclined to regard tltl8; as the ollIS sou)'ce of tlm unusual groon tint of the flesh of the O;\-'st,~r.

I ho~ tQ be able to lJ.bow that it J& »t{.lbabl}' of vf'l;etable origin, :\;nd therefore quite harmless.

ThAt it is lJot copper we may be (>(llmBy eertaitJ~ as l~Nf'l'l!!sQr Lewis' tefl;ts btwtl shoWI3, for

allY sow quantHyof ;1 f}l)pper "alt as wl>uld produce the green gills, }W3rl, and cyJilts in thi3
mantle, stwh as are oftell observed, would, witb{)ut doabt, w as fataUy pojsonous to the O;rster
tta t() lJ, human being. 'fhe sonrce of the greeD ba8 l'eceut.1y beeu investigated by tWCl Prtmuh
aav,a,vt.!l, .M1\I. l')u,rseglll' and Dilca-iSIl8, who found that when perfectly white·fleshed Oysters

w~re. sopplied with wa.ter coutah1ing 0.11 ablmda,nw of a green mi~ro8CQpic plant, cae Na1Jieula
ostreantt of Kiitziug, tlwir flesh IlCqllir~d, II. C01'Tf\8}londiug gt'oon tint. The.s€' lnV&8Uga,wfs alsil
found that jf the Orstera which they bad caused to booDme hubued with this vogetahle green
wer-e plac~d in 8~·watel' dep~'ivedof tb.e microscopic ~egetahlefwd the ciHlract",rii\ti~color woo{d

.also di~l\Pll~.ar. 'i-Vlll'>t.IH'r tbis will fiDally tw fOllnd to 00 the e.xplJl,nation in all C3S1:8 ~maiu13 to
be ~11, illS some I'et'ent iIlvclStigati.<J1l1l a,ppettI' to indieate that it is pu8s1bJe that e. green wlo-ration.
of animal organisms may be due to i)lle. of three nth&" causes beBit1~J1, the ODe dN>cribW above al>
the Blm,C6 of the green ooh>r of the OJ'.st(lT.

GEDDES UPoN OHLOROPHYI...OONT.A.1NING .J.1nM:ALB.-Pa.tdek Geddeo>, ill a, recent number

of Ii Na.tm:e," hal'> ]Xlint",d (Jut that th.~ "list of l'>u}}piJsed chlorophJl-ooutaining animals • • >'

bl'NJ-kli up int.o tUI'tl8 eategol'ie~: first, thoM: Which dD not conhtill cbloropbyl at aU, but green

pigments of UUkUOW[l {onetiOl\ (&v,-;llia, Idotf;u,., ~te.); !ieCOudly. those vegetatitlg by their <lWi:l:

intrinsic chloroph.')"l fCO'l1lloluta, SprmpUla, Hydra); tbirdly, tbo!le v\!:ge.t&ting by proxy, if one may
80 fjf*3k, rooting <lOP10'Us filg~ in their own tissues, and profiting in ev~y way 1:>y the vUill
u;tkities of th~ge.'" Tills la,tter II!. one of the ffio."t interesting and important r;f modem biolog{ool

d~e('>...(',ril'.s, that Jiving a.n1r:QI1) b{)dj,N~ lJlll)' IJ.cl;lUJlly aff{ll'd 3 nidus- f<>l' the propagMion of gl'&',n

micro&Cl:lf>ic plaots alld not be injured bltt roNler 00 b@n~tlt~d tnefflby, The oxygen thr-own
o.ft" by the pa1'&8it1c vegetable lJrg<ioui"m. appelll~ to be ahlwrbt'd by the tiMU~1'!l of tb.~ a.uimal bMt~
whilf!- the carbonjc·:wid gas thrown nfi' by tbe latter is absorood by tbe v~table pl!ol'lNdU; tbu\!.

'afFor'{Un~ each otber mntlJ:td belp in the pN(,-e5.<re8 of Dutrition and ~xt:t'et{qn. Tbiij aingullU'

as...qoehl,t1(}U and interd.~~ndeuceof th~ anhh(lJ bO.\lt l\lld .....(',getAbJe guest ba8 reeeived ~e some·

whilt cumbroua name of 1S1I1Jt'hiQtti«, wblcb mAy be trAnslated pretty llMrly by tIle phrase "M$o
cia-ted existence." This iii not tlh3 lllaoo for th~ diseu~iou()f tbe pUNty aci611tifie lW1J(lCt of tbis
questitHl as alread,)' abJ..y dealt with by Dr. Bra.ndt, Pa.triclt Geddes. .Ge£a, Entz~ and oth.efEh and
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\'\""~- ..,HI tll.e-J'cfo-re ell):V IIOtl,,;,l H}('h' n,sefttd:l-\$ \ll. '<\0 f<l.T \\\l, (ox.'F apJw1ll:' to h;~~-e ,t bc-ari1Jg UpOb

til\' nligh) (1"( tln~ grvl.:t\ Nllot {\f tl.h~. Oy"tet.
gNTZl :VlgCO'r:lpnl'~~,~I":htz1>;)1> di"'~;)"e-)'eJl l1lp1 J)f~ I~Am\(l ,AW;:'£, o,lI)T]c1i1' iUfll;;<.lI'b to 1\f\l;{)\11~

Woten by fooding with gnJl:'l1 fHthlH'l);wl'uHs cellk" whh'l\ lilO"{'.M'et, ,1.1{t m,r. dil' ~ft"l' tl.l .., ,]""'!fh ,,1'
tiw,it llwt~) lfut komhwi"t to livf', gl'Owing awl i\t-\'\~1\)\'1ngw1.\\\i;\ tiJe latter nnW their tot"l t>\'O!lt

ti<:ltl ptvn,,-d tfiem to i)e f~lnnl'i of ~-m'y l'lilJllllt> llI1<:I'():;;CCl\'lll \!;Tt,,€,lI .;llgtp) ~ud). ail l'almdln, OJil"X'1!8fi:f.,

f\tt~. My owN, ob~_n'litio!lSOil &(lfUO gnwn.~(lI(j-t'(,JI {r(,"U"<'!i:i'?).p) .IwilJli,lJo; lw·V{' lwnl of ,o;;(J illt(.>l'.t~~lill~ oR

('hllr./t~tf'J' lhat 1 wlU ?!e-m d~&rihe w-hat 1 ,lll"I:'J'JPI) JJ) \,\, !fr~'~n h,ll ,nrimu!clllP (rIJrtiwlla r!dMl>

tfigm-lL). Vpou inwJ'N!.i~1ttiiJ:gtlwh: 8t.tU<',(lU'{>, I Ij'l\l1\\ t\l',lt lW~\ \\lt~. \~·\trk\i;, <l1' ;km in IIlc o(lt~'r ;;:on

lJJ>yer of thoc(t' bO(lii's, kllOWll ;.Ill tllc .; ~ct~~"tU'\\t at al\:>tl:\g\~l'. ({k'l'Xl- wat'! u. :,;iIl~h!, "trMlll~) <if gl"('(~rt

WJl'"l'lllt;.(i)es VN"y fWfillll;1' 01' u.nif'~:rml'y imh(>.lld~,1, In al\\lt(\<:,;-!' f"nil (Stentor), ne; H Ircatl,'i' llutkt;tt by
Stein, 'tn<;5 ,o;:a.llH) RllfwrtkilillaYN" of grl!en ("QlllUl«:(''':K \I',H~' oll&'rred~ 1'<'lJliudilig Olle n,rr fJ)J"Pihly of

th-e slJpi's.ficial lar~\' of cldou'llbyJ gr::1itl~ ob,."l'rrEJ) h, 1\w, \>dll'.- "f ~(ltlI6 11};ll:I-l,,> a~, fot 11ll:\t<1ll\~e.,

A"il~.el~<:tti8, Now, it· il1 w~il RIWWll that 0t'I'rllin ~Hl\n\l\"'l;\\{'~ IHI' M timh\ qllite N)hlr!»>61< "1jd ut·

other~ quite gruerl; tbi& 31}I.eM'\.; to hi? n\'O {',,.\l.\'. w'1.\u iJplwydiitlJi" III fhi,; l,,:-;t ('M~ I lli\-;'.. ct·

(;\l:spi{.~Qn t.tJ:a,t, Yeg",,tabll" para",it{$ lOas lIe the ~a.u.i\e (J(' (/1(' ~T('t't1 nu"kr-y. tlltt Ii,;; for I:-l1e.otlwr'o1,

&eM.trrr arid Vo·ttimllla) l ttlH not i;(l !O;(tl.'l'- that l'\i\~i~ ~'7i;e11 fonm; .lj·f(\ W {',fj'11Md. tu thNll th&

*~perb./.~jlll p(}sitions ()f tllt' g1"i.'-en Nlrpu$des Il.oil tlw,il' \wh',\'\'\(IJ' \Qwanl rea,gmJlll. h,;all nw to
tbink tluJ,t tlley must he l'l'gardcd uSlllwgru] Jlar\:;, lll: \1)(>. v"flOat\1tel,i in wUlch thl?y l~l'~ (",:,wi .

. )rll.1'·tTR~ {IF TO" G-Kl!;li':K .:Ii-<\~1'£R 1::' .L"l1-:n1l..t,S,-'\ gri(",~·gJ"l>l"l lIlaIJKtiall wlTfm ~CflJle'ffli'ta

8dt«UJrji), fvll~Hl at 1.\OSC{ja flY Mr. o-el\dl'l!\) \\'<\\'. h()'",ti'~Tt"{l flY 1liln t;) e\'Qlrto <lX,\'/;'1'l1 in \;ll'g\>'

illljorH\ts, l.ike u. l1h1llt, ,"lld "both C4CIUiN\[ '.H\({ Il\~t'O}'-'4(k~1 l}h~erYati()!J8 .sI!m\'ed tvt' abUl!<Ji~?1t

J,rMeJ~ee Iu B!;8.<C~ ill th~ h>il.eu (\tlHt ~ Il/Id lp.NS :HII\}'l' 1Jhl11 i'1'i.:t bl', \1Jl [[ })f('l>.llUl4.l>ly I al!;;o, JI,J}dra,

b)w'R>ffilla, eW'1 Wur~ proved to 'f)0? trill} l·t.'gel;\\].-Ill:!: \l-nHf"\\",:'\'ri1iW ",ouW ()n:i\·!\lo;IU.... Uki> lilt':

ff..rreg\}iJ\~, ttfl-}>(!6t to h~Wt'- tl'ne l!hlf>roPb~;l 1J:"fi.\iw; \\IIh\~ ..tlh\l 84pcrnciauy i):I- tl1.d.r ~t9>ll .$u!ll>tal~d->.,.

otbe~. U!l:e tbi(', r~{HoJa)'il1n~, ~flH~ 1ft'l\\\\)b.O'fi\\()t~~, Sl'a i/'-H1f!ltllle~, ,tlld j~JI,r"fi8b~s, ha,rtnJ" tl'U:~

vege.tu,bl", par9~ites~ or; lJ:reftlrllbl:" l veg(t-t\l-.b{~ g{il;';"'{~'

That tll~ grlJen (lo~rn~d in a. lJl1mb<:l' of <~l\\tpul org~,l\\1';1l18 lfl (If tbt, lla.tll'l'" (1f (\blOl'o),hyl~

OJ.' t~af gfVell, has lw·en fil'tlved by I..-auliu'il:e't b~ m~a\l8 of ti\H ~Pljdh:#('.0IJ€. ~\. ",y- BfslHJ:i'lL \1)

alluding t.o !Al,ukii8tet;S 1Jbae:l."Va-tion~, lias>!: "1\\ all l(,~I':>1 the clllorolihyUuid 8ub&t~llee agrt:~{'''' In
I.!<\vtl:l:g n -stZ"D-ug \\omrption band in tbe te.(l-\\ \\tUl'l to tbe right or lcft-llml, exc.el>t. in ldott'u, it!

l:le\tl.g lrolub!t> jn mo:<.ohoJ, lJ,tld jn hM\t\g ",ttOt'lg l't!;\I' daoroseMJCf', aml in litJaHS lolliliul": Hi:< <Kilo!' whij-j)

dl~'JIQlvcd."

Th(', \·",gl'-ta.h!e· (It'ganisl'AA: which hal"¥' l>f,A;\l {o"\l.\)o. w h\b.<'lobit the lmvlw f{lrm!;. of lif" allude., to
in thf' fo~vfng pa[l{lf bave heen wCarilJ·t\ \11\ \Jelwgiug to- two grnet2'1 whieh Dr, BTlludt, has

na.mo&d. ZOOcklMella and ':&x~~n?<thell/t,and ,'ih\cn a-r~ llrobllll!.r in lllU:t ~Ylwny1li<im. with the. .gNlll~

P4iI(f:Wfj.'4) aftetwarda proposed bx Mx. QeQ:'[1:.1>, Th.e latter gtmtleW.811, llo\\'e"(JI'~ claims U> }U:l\'f}

lil'St !lemo.na:trated the troth of thtl viml' tIi:<l,,~<ili'".J'&-))ow cells of t'ltd.h:.lllriau$. and lltllY1l8 al.'~ J.llgw;
~OO1i-dly" tb~ foulJ:datiQU of: the hypotJla,;s \)! th~ llc\l.etl\Jld natnre· {'If ttl!.' allill.uoo betwefm t\lgre

.:}Ud uninntI .into a theory of mutual d~~\\den(\("j 't\nd, thirdl.y, tbf!. tro-t)ijf('.tCUC8 ,,{ that ,,{'3W fl"mt1.

tw regiutt <d pt'ob8.ble specnlation into that of e-xV'el'imental 8cif"fifje.

tljtlksroo U4 one has &ppa~ntl:i uutwM:' rat!' aiMl11'1'enoo 1)f g'tOOil \'\'-.il~t~ble-pa~it&; fu

bilt:MV6 U1Dllul'lks C:X<lB[lt Prof~ rJC(<<:r~ ......i-~. »ai7 Yel'y 1.illdJy lwImltted nm W «lie th~ fnctiJ
~1'1re4 by h.ifb .l'ftlat,ifJg t-ll --4?I040n~ {u,.-£>.A\"l}\l"t {:.Qm'm(jll fre$h-wate.t" MUElt3e18. In this tt~imal b~

scmi\' Y'6&l'8 ~ l)~-n-erl wbat, flm~t, be (~()ul>ll1ered to be ftJgUu-ll patamt~~" lIe l~Hmd tbem in
great ItUJ:bbw'a iUf~titlg tbe tjasGe!$- [)f the ¥uase1 "OJ,ud {)f' 0. llll'ger ~ize tha·ll tM lHllJ.[l}i f)f tlu-', C'!f!a {If

the .hl)li'>t in whicb they were 1Jn~dde.d. "fh~ were~ p.ro-ridfoa ffitb 8- n.ijclt':ltB~ ao({ ",e~l til~re'
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fore, not 11 part of the lluimal hut a distinct. ,·c~;etable organism. Tbese fllctl'l, observetl a long

time SiUCl', render it very 11ro1>a1l:e that Pro~{>ssorLeid.y was one of the fir!>t to notice the intra

cellular para"itism of a plant in all Ullimal.
The green eolol" of tile Oyster, as t1ll" <II'; Illy ('xperiellce goes, is not illteul'lC, as ill many green

auimals, sHch as Wt~ observe ill Stentor, SpQngitla, Hydra, etc., but is a llale }Jca-greell tint. TllIi"

has been found to be tbe eolor of affectetl natives llo'l well a.. of fon'ign Olles, tlllj gills amI mautle

being usually Hllmt distinct.ly tinged. Except iOllall,r the heart is afti:ctcd, its color somet.imes

being quite intense.

EXPF:RDTENTS rroN EUROPEA:N OYSl'ERS.-Iu sLudying some O,.,'shm' which wt're obtailH:d
from Englantl tltrough the kind officcl:\ of ::\Iel'lE;rs. Shaffer and Blackford, in r('f',pOllst' to a reqlH'st
C(jmill~ from Profe88or Baird, certain ODes werl;l found which were decidedly green. Of these the
French Rpt:'dmtlllS of Ol!trea e(]ulu, and a ytlr.y singular forlll, labt~led .. Anglo-Portuguese," had tlle

gill:-; uft'ected, and ill ::;ollle of the latter the liver, heart, llnd mantle were yerr deeply Hug'ed ill
cert.ain parts, flO much so that I decided to make as critical all ex,llllination as my Te140nrces conld
co111man fl.

Spectroscopic investigations gan~ only negative results, as it was found impossible to discem

any positive evidence of chlorophyl from the Rpectrnm of light passed through t.hin preparatious

made from specimens of green-tinted O'y8ter, some of which, like those made from the heart, are
decidedly green t(l the naked eye. There was no absorption noticed at th.e red and blue cnds of
the Bpectrum, such as is observed when the light which enters the slit. of the spectroscope first

passes throngh au alcoholie SOIUti(lll of leaf green or chloroph,y'; iUlleed, the /o!pectrum did not

appear to be sensibly affected boY the green substance which causes the coloration of the Oyster.

No attt'lupt was made to test the matter with the use of alcoholic green solutions obtained froU!
affected 0.Ysters, as the formf'r are not eas,y to get with a sufficient dept,b of color, because of the
relativel;\' small amount of coloring matter present in the animals. Unstaiued (fresh) preparations

were used in all of these experiments.
COLORS IN DIFl<'ERENT PARTS.-I find the liver to he normally of a browui8b-retl 1'0101' in

both the American and Buropean Oyster, sometimes verging toward green. \Vhell the flesh or

gills of tbl' animal is green, the liver almost invariabl,Y partnkes of this color, but in au int,'usi
tied degree. The green stain or tincture appears in some cases to have affected the iutermtl t'lltli'l
,of the cells which line the, follicles or ultimate saccules of the liver. This color is ahle to sunive
prolonged immersion in chromic acid and alcohol, and does not allow carmine to rf'lllnce it ill

,sections which have beeu stained with an ammoniacal solution of that color, the effect of wl.tich
is to produce a result similar to double staining in ~reen and red. The singuhu gl'(>('ll ele
ments scattered through the connective tissue remain equally well defined, and do not, take the
(larmille dye. I at firflt believed these to he Ilarasitic vegetable organisms, and 1 al80 ,lUI'"

posed I saw starch granules in them , which physical teRts with an iodine solution failed to ~on

firm. TllCsc large alld small green granular bodies in the (wnnective tissue, and those cloSt} to

the illte,stillal wall, as well it,s tho!le iu the beart I, find preSellt ill fewer numbers in whit~·fleshed

OY8ters, but simply wit.h this difference, that they are devoid of the gr~n color. It is evident,

t,herefore, that they cannot be of the nature of parasites, tooogh the color i8 limited to t.bero,
oul,.,- the surrounding till-slit!, except iu the rl'gion of the heart} 8Pllearingof the normal tint.

''I'his condition of the /Specimen8 observed by me does not, however, disprove th~ pos.8ibilit:,' of
th(1 occurrence of "egetable !llll'1t!lites in the O,yster, where there is as much, or perhaps more
JikdihooU of their OCCurriIlg titan ill some much more bighl,Y orgullizetl unilllals.

It is a fact, hO\l"ever, that the O,yster is singularly free frorntrue parasites of all kindsjthe
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o.yater-crab behlg perhaps the onl,r creature whieh is ever frNpumtly found within its valves,

amI tben only as a harmlf'...8s messmate. More recently it bas been my good fortnne to he able to

stndy a second lot of European OyRters, in two val'ietit's of wbicll t.he green (~olor wa" Ullw,mall.y
l1en'lopeu, especiall.y in the heart.. In a specimen of Pnlmouth OYrlter 1 found a I:lI'gc ey!<t or

aac in the mantle near the edge filled with greeu ce]]l';, widell, like t-l.lOse in tue Iwart, ,\~lu'JJ oIH'lled

reallB.y separatetl from OliO another, being I]uite aR i:' depemleu t of each other as the ordinary

discoidal corpm;cle8 ill tile M'rUlli of red blood. 'l'he ilearts of affected speeirnells w('ro found to

have the wall of the velltricle abliormall~· thick, alld cOY{'red iIlsiile with the n'adil'y detachahle
green el'lls ill a tl.tiek I:IJer and m('a~llrillg" one threp-thongallutb of an illCh JIJ diamett·r. All appli

cation of the tt~st for starch with iodillC gayc a Jl('gative rNnJlt. If iodine wa.s fir~t llpplil,d to

these cells in strong solution, and they were then treated with 8uJphnrie acid, til{' dmradt'ristic

blue reaction was llOt develulwd, showing that there was IlO cellulo<le WItH covering them, lind

that they were most positively not parasitic, algou.-.; vegetable orgimi"IllH. III Jlotassh~ h~'drat(>;

Ololution the~' W(~rt\ eompletely dissol"ed, a fllrtll(\r proof of the ahsence of cellnlo6e.

Their dimfl]lRioJJ8, oYle three-thollsam1tll of an iJl(~li, i~ the same as that of the blood-cell of the

Oyste,r. Tiley are lludeated, with the nucleus in :Ill eccentric position IltS in t,he bloOll~eell of the

animal. Their occnrrence in the heart and gills so as to tinge those organs of tlleir own ('oIne is

almost pOi-\itiye proof of tbeir trJW origin aud cuaraeter. Furtlwrmore,1 tim} in at'cUona thnt they

sometimes occlude tht:> blood-channels. In tlw eysts ill the IUunt]i", a~ in tlw heart, thf'Y are free,

and in the normal uutinged heart tlley are llOt. abnndant. .All of the foregoing faels indicate tllat

tl.tese green bodil~s are in realit.y blood~eplI" whiell belong tn the animal. How thf'y hecome green

is not enss to determine. The fact remains that 110 e,~illeIwe of tohe presence of g:reen llIwrQcocci

or Microbia, as independent existences, could he made onto The fa.ct that I [uum] illstallces in green
Oysterli wllere an unusual greenii-\h material wa!'l found in the follic1e~ of the Ih'er, the living cells

of which were also affected, would indicate, that the color was probahl.v absorbed fl'om the food of

the animal, which, as we know, consistR largel~' of li,ing Yegetable matter. It is not improbable

that the tinged nntritivi! Juices tra,nsnded through tile walls of the alifUt:'Jltary NlDal acquired the,

color of the food whicl.t had heen dissolvedb,Y the digestive juices.

How to fWcount for the accumulation of t.he g-r('en cells in the heart and ill C:Y8t.~ ill the
mantle is not, bowever, a.n easy matter, unless one be permitted to suppose that tlJe acqni!;ition

of the green color by the blood-cells is ill reality a more or kss decidNIl,Y diseilHl"j cOIJdition, for

which we have no ground in fact, Rinee the green Oysters are in apparently as good llealth as tile'

White ones. They were found 'fut' or 'poor,' just ItS it ma~y havl' happened that their food was

abundant or the re'erse. They are also found in all stages of the' greened' eoud itiOll. Sometimes
they have only a ver.y faint tinge of the gills, or they may be so deeJlI~" ting('l! as ttl appear

unpalatable, with the heart of a deep green, or with green cysts developed in the mantle, or with

clOUds of this color shading the latter orga,n in certain places. .A vastly greawr proportion of

green Oysters are eaten in this country, at all events, than is generall,)~ supposed, especi:111~' of
those just faintly tinged in the gills.

The most important glandular appendage of the alimentary tmct of the Oyster is the li,er.

It communicates by means of a number of wille dncts with a very iITt'gularly formed cavity, wbich

We may desi.Rnate as the stomach properJ in which the food of the anima.} COlue8 inoo contact with

the digestive juicei.'l poured ont by the ultimate follicles of the liver, to undergo solut.ion preparatory

to its ab8Ol'ption dnring its passage through the singularl;}' formed intestilw.

ltthin a1ices of the animal are exawined under the microscope we find the walls of the

8tomaeh continuous with the walla of the great ducts of the liver. These great ducts dii"ide and
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subdivide until they break up into a great llUlnber of bliml ovoidal !;acs, into which the bHiar,}'

sccretion is poured from the cells of their wall". A thick st,ratum of these follicl£."s surroundlil the
stomac)J1 exoopt at jt~<; hack or do!'sa} sil'lL'. It i" not correct t,o speak of t)w JjYer of t.he Oyster as

we speak of the li~'er of 11 higher animal. Its function in the Oyster is UH~ same as that of three
different glands ill us, \'iz, the ga,gtric follides, the pancreas, and the livor, to whicb we may add the

sali,ary, making n total of fOllr in tIle higlJer animals wbicll is represented hy a single orgall in

t.he O.v!'1t...~r. III fact, experiment has shown that the >l(>cretion of t.he liver of mo]Jusks cOmbines

dlaracters of at 1t'l\8t two, if not t.hree, of the glalHluliu appelldag-es of the intestine of' YcrtClbrated
.animals. There iU'(, ahf';olu~15' no tritu.l"<tting organf'; jll the Oyster foJ' the oommiulltiQll of its

fuod; it is f;impt~' macerated in the glandnlar secret,ioll of the liver and swept along- through the

illtestilw by the eombjned "iuratory action of innumerable fine filaments with which the 'vaUs of

tilP stomach, hepati(J unets, and intestine are clotbed.

In thio; way thc nutritiyc matters of the foou are acted upon in two wa:-"f!: first, a peculiar
or~anic fenDout derived from the liver reduces them to a condition in which they filly be absorbed;
scoondly. in order t.hat the latter process may be favorecl it h, propen~ through an intestinal
canal which is peeulmrly constructed 80 as to present as large an amount of absorbent snrface a8

Jlossible. This is lUlMmplished by a double induplicatiOiI fl1' fold which extends for the whole

l{'lJgth of the intestine, the cavity of wbich in ,consequence appears almost crescent- shaIlCd when
ent stra.ight across. On the MIlca,ve lIide the intestinal waH is t,hrown into numerous very narrow
10llgitudinal folds, which fntther serve to increase the absorbing 8urfacB. Such minor fold ... are
also noticed in the stomach, amI some of these rna,y ewm have a speda,l glandular function, There

<lrt.~ no mn/Wular fibers in the wall of the inteRtine as in ve,rt.ebrates, and f,!.Je sole motive force

which propels the iruligestihle as well as digefltible portions of the food through the alimentary
-cmml iN exerted 1))' the innnm(\rable Vibratory cilia with which its imler sl1rfiwe is clotlll'd, '1'lIe

intcstinal wall is whoHy made up of columnar ce1l8 which are in direet COIl tact externally with
the connective tissue which is t.raversed by numerouI:> large and small bloodY<!sselR de\'oid of
,specialized walls.

Thiii :tpparatus is admira bl;.,. Btl it,ed to render the m icr08copic life found ill the viein ity of tbe
anima,] available ail a footl 8UP}JI.v. The l-'OrticeB Greated by t.be innnmerablfl vibratorJf fi]amellts

whieh cover the mantle, gills, and pall'S of the Oyster enables it. to dra.w its food toward itself,

.and at the same time the microscopi(j host is hurled into thot capadOlU'1 thrnat of the animal to

undf'r~oCOlH'.f'l'sion into its .'mhstaIlCA as ilescdbeil above, The mode jll which th8 tissues mllY

hecome tinged hy the consumption of green SpOf(>S, diatoms, or desmids it is easy to infer from
th(\ foregoill~ ile8cription of the dige-!:ltive npparnttl8 of the animal; amI the colorless blood-CRUIil,
lDln-jng in a tllin, watery liquor sanguiniK, would, judging from their am03bitbrm character, readily
absorb any tin,!!,'e acquired by the. l:ttter fl'Om the intestinal juice!!.

217, LOCAL VARIATI01f8 IIi THE FORM AID HABITS OF THE OYSTER.

)Ir. Darwin ("Variation of Animals am\ Plan til," vol. ii, 2d ed., p. 270) writel:l: "With
rCI'lJlcet to the common Oyster, :Mr, F. Buckland inforw, me that he can generally distinguish the

tllJf,lllf! from different districts; young Oysters brought from Wales and lald down in beds where
• natives' are indigenous, in the short t!.pace of two months begin to tt.ssunie- the 'native' character.

l\f. COB tao , has recorded a mu.ch more remarkable Case of the same nature, namely, that -young

I BulL de 18 Soc. Imp. d'Aooljmll.t., "iii,p. Ml~ .
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.shells taken from the shores of England aud placed in the Mediterranean at ouce altered their

manner of growth and formed prominent, diverging rays, like those OIl tilt' shells of the proper

Mediterranean O~ster. The same iIldividual 8hell, 8howing both forms of growth., waR exhibited
before a 8ociet;y in Paris."

VARIATIONS IN 'l'HE SHELL.-The statement by AIr. Buckland in regard hJ the local forms of
Ostrea edu1is is undoubteUl;r true, as I know from per"onal olJservation of specimeu!'l ol.tained for

me from vurious purts of Europe through the efforts of Profes"or Baird. III some cast'S the IOc<11

.differences between the shells from different places were so marked that had a persuu mixed certain

loU> together indiscriminatel.y without. my kllowl.-odge 1 could afterwanl:,; certaillly han' "orkd Ullt

the more marked varieties. Local inlluellces also \'cry largel;'\' deh~rmine the" greelling" of O.H;ters,
.as I can assert from I)er~unal obsen'at.ion of both the American and Buropen)) species. Pradieal

oystermen affirm that tllt\y ca.n reallily discriminate the local varietie/l of 0.\'8te1'8 grown ill various
noted localities along the eastern coast of the United Statcf;. Brom wbat 1 hayc seen it is n'ry
probable that tbis rna;y be tbe case~ as one may often ObSI'TVe well·marked di:lferencp;; of form as
well as color.

Local adaptation undoubtedly takes place, for how else are we to aceOUllt for the faet that

"3 change in the l;l'ecift(~ gravity of the water to which the adult has been accustomed will kill the

milU This point has an important practical b(',arillg in relatiOll to the eRed of IwaY,Y raill" in
dilut.illg the water when the animals an' spawning. Mig-lIt Ilot a marlH·tl ehauge ill tlJe f\peeific
gravity of the water at the time of spawlJillg kill all the !i!perlllatuzoH whidl are !wt. fret', llud thus

.also prevent the impregnation of whatever mature (n-a wcr(~ being thrown out Ht that time by

the adults f

INFLl'ENCE OF TE~IPERATURE.-Certai II it is tlJat temperature IIa" llil in flU(llIe\:, upon the

time of !Spawning. A lot of Oyster;; marked "AIlglo-P()rtu~ue8e," whieh had helm tTau"planted
-from Portugue8e to English wateTs, and whieh 1 reCt~ived ill the month of )lardl amI others
in ,Tanuar.y la8t~ had the reproductive orgam; remarkahl;y adVallef'd ill den~lo}JmeJ]t as COIllIHll'ed

with specimens of O. edulis from <lift"erent parts of Ellgh1l1 d, 'Vales, Seothmd, II ollaIII1, alltl FralJ(~c.

.80 b'1'€at was this difference that, although pIau ted for sOlIle time in the eoldlo'T Wltt(m, of Rug-land,
the reproclucti ve organs of till; Portugue"e form bad not apparently lmd tht,ir di;,;po8itioll tu

become functionally active at this earl;'!' Sel1SOJl influenced to ailS great extent. III fact, I ohtaim·d
living mature eggs and milt from a IlumlJer of 8pecimens of thi:,; variet,,\'. '>vhUe I lookt,({ in Vaill

for ripe spawn in an;y of the others of the true O. e,Julil). This would indicatt~ that the illtlm'IJee of

temperature, though not altogether hereditar~' in this case, was ller."istellt, and had ,,0 illl]JreRsed

itself tha.t the l'('IJroduetive organs of these O~'8ters, emnillg from a, warlIlt'r latitnde, h:ul hegulJ
to mature their sexual products eVeI) aft1'r transplanting into more northerly and colder waters

much sooner than the natives of those same latitudes.
Like this persistent influence of a climate to which certain forms of Oysters have been long

,aecllstomed, the influence of the specific gI'avit}' of the watm of a eeru1in loca.Iity ma~' also be

persistent. The Oyster!> of Saint Jerome's Creek S<lem to be adallted to the spf'xifie gm\'it,yof

·the water of the vicinity, 80 that if artificial sea-water i:,; prepared, differillg muelJ in this reg'a,rd

from the native water, we find that the spermatozoa are immediately killed if put into it. From

this it follows that if the specific gravity to which the adultlS become accustomed is nnrmal 10

their sexual products. may it not be well to look into the efi"ect of such changes npon the hl'alth

,~f the adults t
I have met with spawning Oysters in December) SUl',h at least in which the spawn was 11early

'llJ,a.ture, but this WS8 an exooptional case. I dud them in April and May in considerable llbun-
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dance; the months of May, June, and July maS, howevcr, be regarded as their principal spawning
months. Hipe spawn ma.r be sparingly obtained ill the latter part of August, and even nIl to
the first of Octoher, but, the thr{'c months mentioned are the periods during which the experi
mentalist ought to be ill tbe .field l)repamd for worl.: in tbis, the latitude of 'VaslJillgton. \Yhat

amount of variation from this period may bc mMe manifest as we go north or south along the
eastern coast of the United States I am uuable to state; and what amount of local ,"ariatiou may
also he due to canses of a purely local character I am alsu unable to say, not having examined
the Oysters at a sufficient number of localities to make such facts as I may possess of any

value.

218. THE OYSTER.cRAB AS A. IIES8:M.ATE AlfD PURVEYOR.

It is many years since 1\11'. Say named the little Oyster-crab Pinnotheres ostreum, and its habits
since that time seem to have excited but little interest" Professor Verrill, in his observations pub
lished in the "Report of the United States Fish Commissioner for 1871-'72," records the fact that
it is the female which lives in the Oyster, and that the male, which is smaller and unlike the

female, especially in the form of the abdominal segments of the body, is rarely jf ever Sei'D to

occur as a messmate of the Oysoor, but that he has !.'leen it swimming at the surface of the water
in the mitldle of Vine.yard Souna. He also says that tbe~y oecur wherever Oysters are found.

This singular little crab has quite a number of allies which inhabit various living mollu!:Iks, holo

thurians, etc.• of which admirable accounts are given by Van Beneden in his work on "Animal
Parasites and Messmates," and also by Semper in his treatise entitled" Animal Life."

QUADRUPI,E COMMENSALIsM.-The Oyster-crab is a true messmate, and it is in the higlH"st

degree probahle that the presence of these animals in the mantle caYit,v of the Oyster is to be

regarded as ad--rantageous rather than otherwise. The animal mmally live!! between the ventral
lobes of the mantle of its host, into which the four lobes of the gills and pa-Ip!'! altlo depend,
and, as will be seen from the following observations, may be the means of indirectly suppl.ying
its pa8si--re protector with a porth.l1l of food. During a trip down the ChelSapeake in July, 1R811,
while I was with the Fish Commission vessel, some Oysters were dredged lip lly the crew wbif:l1

contained SODle Oygter·crabs. In the case I am about to describe the included crab was a female
with the curiously expanded, bowl-like abdomen folded forward under the thorax, parti~llY

covering a huge mass of orowniah eggs. Upon examining these eggs, what was my w,tonish
ment to find that tbey afforded attachment to a great number of compound colonies of the

singular belll\nimalcule, Zoiithamnium arbu8Culum. Upon further exa.mination it was found that

the legs and back of the animal also afforded points of attachment for similar colonies, antI

that here and there, where some of the illdlvitlua.ls of a colon)' of ZeHithamllium had been st"pa
raw(l from th~ir stalks, numerous rod·like vibl'iones had affixed themselves by one end. In this

wa.y it happens that there is a quadruple cornmensalism established, since we have the Vloriones
fixed and probably nourished from the stalklil of the bell animalcule, while the latter is beneJitetl

by the stream of water drawn in by the cilia of the Oysterl and the last feed!,! itaelf a.nd itsprotegt',
the crab, from the same food-laden current. Possibly the crab inside Lhe shell of ibl host catches.
Rnd swallows food which in its entire state could not be taken by the 03'ster,bnt in, any event

the small crumbs which would faU from the mouth and claws of the crah would becamed to
the mouth oftha Oy&ter, 80 that nothing would be wasted.

We must consider the crab with jts forest of bell anlmaleole8in still anoth61'light. Sine&
the a.nimalculea are well fed in their strange position, it is but natural tosu.ppoatl that the1 would
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propagate rapidly, and that the branches of the curious tree-like colonies would also increase in

numbers. The individualR of the colonies multiply in about. three wa.ys: first, by hrunehing j

secondly, by splitting lengthwise; thirdly,certain much enlarged awl o\'erfed zoiiids divide cross
wise. B;y the two last IUOIlea one-half of the product, is often Bet free, the free animalcules
80 originated beiug known as "swarwers." These cast·off or free zoiiid.s which drOll from the
colouies are no doubt carried along' by the vortex creah~d by the cilia of the gill alHI palp..., and

hurled into the month awl swallowed a}ol part of the daily allowlnlce of tlte food of tile 0.Y8tcr.
"~e tuay therefore regard Pinnother('''i, ill such instauces, as It Vl'ritablt· llUrSf'l'y, upon the hod;y and
legs of which animalcule8 are continually propagate(l and set frt~e as part of the food sUI,ply of
the Oyster, acting as 110tlt to the crab. I do not suppose, howen'r, that ('neh a comlitjon will

a!wa.ys be found to obtain, ltn(l it IffilSt also be remembered that lllyriad.~ of ZuijthfImniurn colonies

were tlredgetl np attached to the frondH of the· hamlsolllc (}rinndin, a red algoa eommollI,Y found

in certain parts of Chlls<1pea!io Bay. 'Vhere this plant g-rows jn ablllJdmH'~ on the bottom 1 hllye
estimated that one might find upwards of a hundred :~nimalculeb attadled to a "quam inch of
frond surface, which would indicate an animalcnlar popnla.t,ion of upwards of four millions of

individuals to the square rod, a number as gn'at as that of the hllman iuhahitants of the cit;y of
Loudon.

DEVELOPMENT OJ<' 'tHE OYSTER·CRAn.-The Oyster-crah umlergoe.., n den-1opment and
metamorphosis similar to that of our elHble crab, Calhneetes, but the llod~' in the YJorea stage

is blotched with dark, branched pigment cells. The e;yes all:\O arC yltRtly more deYeloped than

in tue,adult, \Vhe~e they are partIr supprel'lsed from disuse. TIleI~~ is no dorl,1al spiof', lIor are
the anoonnary and rostral appendages so well dm'eloped as in t,he Zoroa of Callint!{'tex. After the

;young are hatched they probably leave the abdominal covering of thl" parent, swim out of tile

0Y800r for a. 8ellWn, a.nd, if fema.I~~~ I:>OOk a permanent ahode in ",ome Oyster neal' by, helnwing
somewhat like the species described by Semper as inhabiting the w:lter-lnngs of cerwin holotllU.
riau8, After undergoing further development, the young Pinnatl!ercs reaches the megalnps r;tage

of its development, when it is probable that the ellOice of its home takl:'s place. After it has

entered. the mantle cavity of its host 118 a dimiuutive lar....a, and has ~roWll to be adult, when
it measures a half inch or more ill diamt·ter, it is probably {~\"e-r after a prisollli'r willlill tlte
ahell of its molluscau l'l"otect.or. It undt!rgoes ,l retrog;ressive nwtalllorphusis as it grow8 adult,

its Ewes become :relatively less cODf!lpicnous than in ~"onth, and it, lllwer LliS .~ thick, hard tllwH

like ita allies which live in the open water, but tbe external skeleton remaillt'l almost entire-I~- sott

and chitinous, or in tlie state in which we comIllolll~' find tlie out.e'· coveriug (If all t..tlible t:mh
which hali just molted. This arit;eS apparently from the conditiou!! by which toe animal is sur
l'OQ.llded; the protection aft'orded it, by its hoat does !l,wa,y with the nood of' a thick, lIard covering

such as we find inclosing the bodies of its free-swimming allies. lJnlike the latter, too, the limbs

of the O;yste,r-crab are to some extent degenerate and weakened; its chelm or claws arc feeble,

and, when removed from it"l borne, seems a very sluggi8b, belllless sort of creature, without a
particle of the }mguooity of its allies, and if placed on its back wiJI sometimes l't.'maill in that

.' position helplessly beating the air with its weak limbs. This is a remarkable instance, which also
serVel!Jverj' admirably to iIln!!tm,te the principle of degeneration in organic evolutioll, so ltbly

dealt witll by Prof. E. Ray La.ukesrer.
The Oy~ itself is a.hw F example of the eft'ect of disuse in producing retrogradt' dt'veloll

ment, and even shows sigos of gradual adaptation wilen removed from one localit~· to another.
Unlike,mOtlt other biv..lv~8, the 0Y8t6t ha.a no soft m.uscular foot Wbj(lb it may protrude out,ward

ftooJa. bttt....een tbeedges of its vaJVQs. NovilJible rudiment of such a prominence can- be found
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in the adult, though something of the sort, it h;; n~serh·d h,Y emLrsologit,;tl>, appe:ll's to be olIVel·

0J'N] III the larne, As the O,YNtCI' lost HI> power of locomoUon fWlll t1.le uO,Hlevl'!opmeut of
th..." foot, due donhtless to a grad ually aef] tlhoed smhmtal',Y h abi t -.,,,hieh ha.1:\ bl<come lwrlll allen t,
the pedal struetllres han~ been alillololt entirel,Y ahorted, Jeadllg twtlling" excepting t1w pool"ly

developell puua,l muscles described by Dall,· '.rlJere it5 ftecordingly little or \10 evideuce of till'

-existence of a pedal or foot ganglion in the Oyster, because tllere is 110 twed for OiH', al:l in other

forms; it, too, has d isappean>d wit,h tlw ~tl'ucture wh il~h rf'l}uired its Jlresem\C,
Ueturlling to the consideration of the Oyster·crab, it i8 well known that it is llLlwh relished

by /lHtny persons. The llnimal may Le eaten alire, aud bas a peculiar, agre\:lai.Jle sweetish taste.
ltecelltly au enterprising New York party has 'ta ken to canlJj lJ p: them, th e ,'inppl it's for tIl is pnrpose
being obtained from some of the large o,yster·canning estahlislnnents. The eCOl~omic value of the

auimal al". food, although not, great, is sufficiently important t<l demand a passing notice.

219. PHYSICAL AND VITAL AGENCIES DESTRUCTIVE TO OYSTERS,

.Most of the observatioml which follow were made at Saint Jerome's Creek, Maryland, but
imlslllucll as the physical and Yit,al enemies of Oysters appear to be similar the world over, I have
no hesitation in reproducing what I have pre\'iously published elsewhero, And of ph~'si(',all:y

injurioul! agents the black ooze or mild foullrt in the vicinity or on the bottom of ma,ny of our
most valuable beds and planting grounds is probably the most to 00 dreaded if it accumulates

in too ~reat quantity,

The orig'in of the black ooze at the bottom can be traeed directly to the sediment. held in
snspellHioll in the water whicb ~lowly ebbs and flows in and 011t of the iuclmmre, caIT~'iIlg with it

in it;; ~nillg nnd coming' a g-reat dea.1 of ligllt organic and inorganic debris, the former part of whieh
i~ mainly dcri\"ed from the comminuted fragments of plants ~rowing' in the creek. 'fbi!! Sl"elHe(I to

be the tt'ue histf)r,V indicated by what was noticed ill Rtud:dng the box-eone-ctor. Tbe same opiniou

is held al<l to the origin of tbiFl Illud by both Coste and Fraiche ill their works on o.Hlter·eulture,

There is probabl...· no worse enemy of the oyster-culturist than this '{'cry mud or sf'diml'llt.
It acmltllnlates on the bottmn of the oyster·groundl-l, where in conrse of t,ime it may h&...omc dcep
.(,tlough to eau!!€' serious I,rouble. Hspecially i~ thi!! true of ponds from which tlw sea cubs, aIHl to
which it. flows throngh a narrow channeL The falling le:cwes from nfli~hborillg trPfJsin Itntnnlll

.ull"o eontril)]lte to this pollutiotl, as wtlll as he.~wyrainswhich wash delet.erious materials into it.

Adlllt Oysters whieh are immerSl'd in part ill thi'l mud stl'ltg'gle llard to sllut it out from

their r;hells. It' oue will notice the inside of th('l shells of Oysters whicll have grown in a muddy
uottorn, it will uften be soon that t.here are blister.like cavities around the edgel$ of the vah'es

:filled with mild, or a black material of a similar character. There is not the alightest douht

in my mind that in these cases the animal, in order to keep out the intruding mud, has hall

;reconrse to the only a'{'ailable means at its command. A great mfl,DS of the Oysters in. the pond

are atle{'.ted in this manner, but it is extremely UlIOOfIlnlOn to find Nhells of this kind in opening

·Oysters GomilJ/l from a bard bottom. It is easy to understand that snch efforts at keeping out

the mud from the shell will not only waste th~ life throes of the sltimltl, but al80 tend to greatly

interfere with its growth. The importanee, tbt'refore, of artificial preparation i8 apparent, wherp

it is desirable to establisb ponds for the 8uooeasfut culture of thia mollusk.
Only in one CBlSe have I observed that the mnd tended to i91l)a~r thellavor a;n:d color of

.the Oyswr, Intbia instance tbe animal was thoroughly sfl,tu"ated with the black ooze,tbe very
tissues .seeming to be impregnated with the color, tlIe jlltomach audinte8tine loaded to engorge

ment with ·the mild, the animal- manlfesting evuy 8ign of being in & dt'riidedly sickened .condition.
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The cause of tl1h; was prohably that, the ~llell with it... tenaut had suukeu too deeply into the

mud wlam the illgestiun of Life ulack uoze eOllllUellcell, gi\'iug lise t.o the remarl,;able changes

which I have le(IUnh~d. Xo doubt had thiH condition of thiug~ }Jer~isted for IOllg the auimal

would have boon sillotherell by tile Ulud.

MljlJ AND THE YGUriG FRY,-'L'he accumuhltiolJ of the slightest qualltit.y of NedimelJt around

a. YOlHlg 0sster \Voultl tend to impede it" re8piratioll, and in that way dm,;t.ro,r it, yct in tlw llatural

beth; there fire so few ImtllnlUs dean pla{l(j~ which remai II NO that it iH }'ea.\l.y surprising that so

many :young Oysters PUOl.s satel~' throug-h the critieal period8 of their lives without sllccumhing to

the s motheril.lg eft'eets of mHll and sedim('1Jt. 'Vhen it i:; borne ill miud that at th(', ti me the iurant

O,'ll'lt!'r fHlttles down and fixps itself Ollce anel for all tiuH' to one plaee, from which it has no power

hI move itself, it measures at the ut,lllost olJe·eiglltieth of an inch, it will lJOt. he hard to lImler

stand how easily tht\ little creature (:an be smothen:d C\Ten hy a Yer,Y small pillCh of dirt. The

animal, swall a.s it is. lil list a,1 ready hegiu tD breathe .i ust in the i-;ume way a" its pali;Hl ts dil] lwfure

it. lAke them its gills soon grow as littie filaments eovel'cd with cilia, whieh cause a tilly eurrent

(Jf watct' tH pass in amI (Jut of the shell. The reader's imagination may be lll're allowed io esti·

mate the feeble strength of that little CIlJ'l'Cllt, which is of >\\leh yital im}l(Jrta,uct' to tlH: Iill:- O~'8ter,

antI the ease with which it lIlay lJe stoppell h.r a \'er.y slight aCClllllulatiOIl of (lirt. :\lobius ('8ti

mat.es that each O,yster whi(:h i8 boru has lr.}-ooo of a (;Lance to sllI'\'iYe and reach adult age, So

numerous aIHI eft'ecti \'e are the adver"e eonclitiotllS which surround the lllilliol\ls of ('gg~ IJHII tn'ed by

a siugle female that onl,y the /llOBt trifling fradiOIl ever dCH.'lop, a~ illllstmt,·d by tile abuYl\ I;alcu

latior::. The t'gg of the O,rster, being I~x(\e('dillglyISmaU awl Iwm'it'l' thall water, illlltlt'lliald;t.' f~lll~

to the bottom on being I>et free by the pan~lJt. Should the hottOill be onz,Y 0]' (OolU]IONed of

sediment its chances of development are mea~er iJlueed. Irrecoverabl,\- buried, the l'ggS do not

in aU probahilitr IHlve the dIauee· to lJegiu to uen-'lop at, all, Tht, ehaIWt>t; of ilUjln'pHlliolJ ~re

also red ueed, beCal(nl~ the male ~Utl female Oyster,.; empty Iheir gl\lll.'ra ti \"(\. prodn(;l>; Ilil't'l:tJy illto

the sluruulHlillg water, whereby the lih.elihood of Ihe cg-gs meeting with the mall' ('loll,.; beCOIlles

dilllinh;hed. "V hat, with falling into the muu awl what WitJl a lesseued chauce of h('(~omillA"

impregnat,ctl, it is liot unlikely th,lt Mijbiu~' estimate h; \-ery nearly cOlTl'eL; hut til(' Allll'rican

O.vOlterl whose yield of eggs is llllWh gTeat('r, nut ouly 011 aceOUlJ t. of i tIS larger H;ze, hut alHo

heeaulSC th~\ eggs are flmallt-',r than those of the Europeall. haH prolmbl.r still fewpr ehanees 01

sur\·intl. 'L'ltc vigorous growth of small orguniJ:llIllS on sud'a·(ICS fittt,d tlll' th{-' at·hwIJluf'nt of .\"OUllg'

·O:r~ter,.; ahm te1Jds to canse sediuwllt to gather in sudl places ill the interstices of tIl(> little

-or~a.lli{'. fore8t, W]1(;1'" t,he egg,,! of the O.r8ter llO douut of'fell hecome en to III hed or sllIothered by tilt'

{\T()wu.ed growtlt J.;IIlTolmdhlg tht'!ll.

" III uddit,iou t(J the ucti ve, animate enemies of t.1Je Oyster, the bel]s sntl'"er $erioI1HI~', at, cerhlin

timWl, from th e ele llIell tl3. Great I'ltorIJJ8 w ill tHree]! the O~'8U;rt; all oft' th e bpds, bury

them uuder shifting ,sa1Jd or IlllUl, or heap upou them tim tlriftiu.l: wrlWk rom from the ISh ores,

Betlli which lie at the moutbs of rivers are liable to he injured by floods also, which keep the

watel' wholl.y fresh, or bring down enormOUS Iluallt.iLi&l of lSilt, and floatiug malh:r, wltieh Iwttlt'8

-on tbe beds and !:Illlothers the OY8ters.
l< A few yeaf8 ago a large trlWt of peat wa!i drained at Grangem(Jutb, Scotland. The loose

mad and m()l,lS was carried down the draius upon au OYlSt.er·wd ill the estllar.y; the eonseqnence

was that the Oysters Wt\rtl coven'>t:l o\'er with mud and entirely destroyed. Nothing is so fatal Ul

O;vstel'8 38 a mud st.orm, excepf it be a sand stQrm. '.rbe mud and the sllud !lcel1mnla.W in tbe

0Yilter'sdAlicate breathing Mgaus Itnd suffocate bim.
"North of Long Island an euemy i<l found which dOBS DOt E'xist in t,lle miJdt'r south, in the
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!gbape of • ground-ice' or •anchor-fl'ORt.' It is litP~ understood, thongb often fl:'l':perienc('f1. and I

wa... able to collect onl;y- vaguo f1uta in regard to it. It appear~ that i.n bfirtl winters the bottom of
tho bJJ.ys fTf'eZD.'i soli,l in great, pMcbes, even at n /lepth of iifteen or twenty feet,. The mild freezes
!\IO hard that rakes (Jan not, ht~ pres8pIl iuto it; and if a I"tronger implement, like a ship's flllchor, is

~ble, to l\enetrtlte it. the crust cornel' 111) in great ehtlllks. 'fhese frflzen patches are !'omi'tinHlS

forty l/.!et sqllare aml contintw tl1lthawe~1 for long periods. lfLf'/t such •a llchor- frost 1 til k('.~ plilce

at an OyMt'r·lwcl, of COllr8(' t1Je mollnslu; are frozPII flolidl,Y into the mfl8~, and few of thplll t",('r

8urvi\'e the treatment. '1'0 the Capt~ Coo planters thilil is a l'leri(Jl]!' obl"t:w1e to J,;UCtX'XIl.'"

INTl';RFP-RE?HJfoJ OF 01'lfER ANU1AT, LIFJ,;.- ,Vo IHWO calh,d attt'Ilti(ll1 to thp JlToh'.lhle illh'T·

ferenee of l'lJllaJ) Ol'ganif~ growths to the tixatiOll of tht>. y0l1l1g fry; in pradiec it is fOllJl(] tllat- tlle

larger organic growtlls whkh estahlish thelllxeln-'t'\ OJl tlle ('ollectors nl>:o ht'COUH, iujnriol1R, 'fhe

two lllost eOllspicl}()\J" t;\'pes are the Kl'ssilc aseidialls or tnnieatl's and the barnfte!es, I hiwe

frequently fOllud hilly om\·Lalf of t.he surface of a. slate con·red. with a dense coloTl~' of ascidi:l1u'r

in thi.. courlition a great pementage of anl.ilahle surface h. lO1,t which ought to l'Ierve for the

attachmellt, of spat-. The surfaces so occupi('l1 would also be comparativel;'!' cleall were it lHlt fur

these OIgan'i"nH" wbid\ Mtually bC('Al1l\e a !AA.'.I'toUS allno~'allce. T'hey, like the OystN, affix
themselves to the slates while .still in the free-swimming larval Htage, siuce t.he surfaces de"igned

for tlJe Oyster (tl'e equally well :tdaptetl to them, The bacrll~cles, whiclt also affix theuH'Ielves in
great uumbers, llt'CO}Ile a lltli~ance for the samt\ remmn, The, Inrva1 barmtde is an t',xheiliely

active'little creature, find dasheE'! ahout in the water wit.II great rapidity. As soon fU'I it- has
OOml\lAt""d tlli~ ""ta~e of it" growth it betakes itself to some object, to the !'Iurfll.ce of wlliell it
attaches itself by the lwud end, when fl, singnlar ehllilge takl-'s phu',<'. at tht\ elld of whiell it is

fonne} that it bas beg-LIn the eOIlRtl'tlctioll of the eurions couiea.l RLdl wbich it ifdJa-bitR. The,Y
grow vprJ ra,{\idly, 80 Hmt iu II couple of mouths tile 1;;iJell wi1l11lread~' measnre over half 1111 inch

in diameter. III tllis WilY t\uther inroads a1"6 made upon Hie l'Qom Wllidl "bon\l\ \w, ta\i.\'n til) b)'

Oysters.
Of course the larger types are not alone in taking U}l sl18ce, I;lill{)e infuROl'iam;;, bryozo3l1ril ,

polyps, et(:., are also culpf1hle, as wt~ll as algal, such 80S di1\tOlIJ'J aIld t,he hig-ht:'r formM, The ouI.V
reml'd,v for this Jlccumnla-t,joll of animal ~rowth8 fill H~e surfaves of the sl./ftes ilnd other N)!Jpet.iu.g'

apparatus will be to have the frame!> whidl hold the !Slate ill position 8fl arranged that ("8eh til<".

shingle, or slate can be removed, in order that it may be rearliJy uVt\l'ballletl and these orgallisms

renwTed from the snrt'a,cea which it is det<lretl shall romaln d(;,&~l. Th!s work wmdd hare to 00
done llt mtervals of every two or three wt't'kfl. amI ~honhl be t:onrlncteti with great (111ft'" SQ as not
to rewove the Oysters which have afti,.:t>d themlleh'e8 along with the other things which it iR the
inteution to dto-fltroy, The l'eUlOvalllf tbe smaller forms from ale flurfaces of the slate would be

more difficult, and attendell with danger to the fr,\'T already ~ttached, With tllis ullject in "iew,
I would ~ggest the UAA of wooden racks or frameM lying horizontally, which would I't'ooivtl the

slates into dtlep ll(Jf:cbes made with R 8&W, NO 118 to holll thelU vertically or edgewise, rentleriIlg

their removal, f,or the purvo~s of cleansing, and their l''t'p1acement all.' KUoly lIlatter. Other
devices would nO doubt lJ,llt>wer tbe s~lile pllI1)()6tl and be more counmitmt (Wen tban the last.
If {>Ost-8 were secUt'ely fixP,d ill the bottom eight or tell feet apart, lID a:s to pl'6,jt'Ct No foot or so

aboV6 the water at the highest tide, a. single boortl sis: illeheg Wide, naiitMi apiu!Jt the tops. of tbe
pl)sts edgewise, l\Bd e-x-teudtng from oue to the other, would }H:fJvitle u. simple arrangement ftoItt

which to hsng the Mates sillgl.)· by Uleanll of gal vallizet! wirtl falltened &r hooked to nail$. partlY
driven into the bolU'd. B~· the bell' of thil!l plan one wa.>Dwitn l\ boat emil" 4JVerhlwl m1\UY

IE. INGll:R9OLt., Report on Oyfrter IJI(lustry, Tenth Oenw&.
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hUlUlreds of slates in a !Single day, and effectually cure for them for a whole seaSOll. This lm.t

eontrivUIlce would not a.nswer well perhaps where there was a swift current1 but would be a most

admirable arrangement iu Rtill ponds or 'daire~.' In such places the whole area might. be
pronded with posts grouped or placer! in rows, 80 that when tbe attendant was at work he could
pass in order from one row to the other in a narrow boat, or two attendants in Olle boat could take
care of two row!'!, the oues on either hand, at the, RfLDlfJ time.

Star-fishes arc notoriom; for the havoc they are capable of making among Ossters. They
have the power llPllarently of everting their saccular stomachs and extracting the !;Oft parts of

their prey froUl the shell. "Vhole beds have been fwriousb" in.iured b~' the inroads of thC'se
creatnres. They do not :.>oom to be dreadel\ nHlc\" in the Chesapeake Ba:y, however, and appear
to annoy the oyster-planters of :Kew Ellgla,nu most seriously.

"The oyster~catcber,and some other birds, steal not a few at low tide. Barnacleli, ~tnnelids,

and masses of hyuroid growth sometimes form »bout the shells and intercept the nutriment of the
poor mollusk, until 1J c is nearly or quite starved; tbis is particularly true in Southern waiers. At
Staren I;;laml th~ pl~\llrerB are always apprehtmsiv\' of trouble from the colonization of mUS&e\8 on

their o;yster-beds. The mussels, having established themsehres, grow rapidly, knit the Orsters

together by their tongh tltreads, making cullin~ very difficult, and take much of the food which
otherwise would help fil,tten the more valuable shell-ush. In the Delaware Bay the spawn of
squids, in the 8hfLpe of clusters of egg-case~, appropriately called 'sea-grapes,' often grows on the
O.yster!'l tlO thick);y, durhlg the inaction of summer, that when the faU winds come, or the beth;; are
disturbed by a dredge, great quantities of Oysters Msl" to the snrfaee, buoyed nIl by the light

parasitic 'gra,peB,' and are floated away. This is a Tery curious danger. Lastly, ccrfailJ erabs
are to be feare(l-chiefty the CuHinectes hasb:ttUll, our common I soft crab/ and the Cancer ilTOra,tUS.

Probably the latter is the more hurtful of the two. I have heard more complaint on this score at
the western end of the Great South Bay, Long ]slanil, than auywhere else. Mr. Edward Udall
told me that the crab was the greatest of all enemies to Oysters on the Oak Island beds. They eat

the small O.ysters up to the size of a quarter-dollar, chewing them aU to bits. These are on the

the artificial beds, for tbey do not seem to trouble the natural growtb. But tolled by brokeIl

Oysters, when the planter is working, they come in crowds to that point. Mr. Udall stated t1la,t

onoo he put down five hundred bushels of seed brought from BrookhrlYen, and that it was utterly
destroyed by these crabs within a week and while he was still planting. He could see the crabs,

and the,y numbered one to every fifty Oysters. It is well known that in Europe the crab!'; are
,'ery destructive to planted beds f and it if$ qllit-e pDssible that many m;YBterioul1 lo~seB may l)('>
charged to these rapacious and insillioU!~ robbers. By the WI1,Y, Aldl"f.'nmdllS and otber of the
natnra-HoSts of the Middle Ages entertained a singnlar notion relative to the crab and the Oyster.
The)'" state t,hat the crab, ill order tAl obtain the animal of the Oyster; without danger to their

own claws, watch their opportunity when the sbell is open to advance without lJoi1:le nnil east a

l)(!,bb1e between their sbells, to prevent their c1osiug, and then extract tile ~~nima\ ill \l,aft~ty.

'Wha.t craft!' exclaims the credulo118 author, 'ill animals that are destitute of reUI'lOIl and

voice!"'
10 a apecimen of the common Ostrea rirginica, recently banded Ine for examination hy m~'

friend, Mr. John Ford, the substance of the shell was thoroughly e:werllated !W as to render it

extremely brittle and readily crushed; in fact, the inner tahle of the sheillet'tlltandiug I:\lwwed a

grea.t number of elevations within, which indicated points whl.'.re the intruding IJarasits bad been
kept out by the Oyster, which had deposited new layers of calcareouB matter at these places so

~--~-,..~-------------~.. ". _ .._~ -_._---_._----
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us to gi"c rise to the elevati.ons spoken of. BeRitle\this, the inner table had hecome HO weakened

at ~ tie im~ertioll of tl~e adductor mUiW~(~_S tha,t the ,imal in dosing" lHul t~rn fl }la~t of it 100SI',

wInch h~HI been repall'eo b;. the depmlltLOJI of u brown. Itorny substance. EVHlelltlc of the pref<ence
of tile boring sponge may very frequently he noticed iII "hells of O,\'8te1's brought to the ttlal'ket,~,

though it oftell appears 1lf< if the paraf<ite had left its work incomplete, heiug ki11t'll on it,~ hOf<t..

1 tilHl that Schmiot lias also uoted this, and that till' horiug' operatioBs of the sponge usua 11,\' seem

to stop in the Cilile of Ii \"ill~ mollusks at the namenUR layer.
Upon l\xumiuillg sOllle S(',owh O,ystl\rS, ohtainell for me for st.udy h.\' Profes8or Haird, I WIIS

struck with tlw faet. thil,t e\'el'~' olle W,tS infested with this orgltlliio;m. 'l'he eft'ect of the paraO\itiio;lll

W:1!:'- that, all of the specimew; hall ahllOl'mall,\' thiek flhdlio;, dUfI evidt'ntly to the ('ftort llIllIIe h.\'

the Oyster to depo<lir, 1ll0l'e antI more calc:weoll<l matter ill order to exdude its persiHtellt. tormell tor.

InrernallJo' the shell sllmw\d irreg'llhtrities llue to the jutrusion of the sponge. It is highly prohahlt~

that ill thi/') ea.se the growth of the Oysters had lwen impeded by the par<l8ite, in con"e'luellce of
the etlhrt, made by the flnimalH to exclude their eHem" h.v increasi ng the thickness of their shells,

1-'1Ii$ saUlI' tendency too incre,tsc the thickne:ilO! of the valve,s I have untieed ill specimeulS of our

nath'e Oyster, the shells of whiell were iufested with this parasite. It. is very remarkable that tlw

Oyster should make an effort to exdulte iti elll\my by s\lch a means; amI it, il'l llot }e,.,s remar}.ahl(\

to obsen'(\ tha.t the lime earbonate secreting fnnctioll of the mautle is often ~timnlated t.o extnt

exertion IonA' befortl the parasite haH actually int,rul1pd into tht' cavity of the Rhel1.

Dr. Leidy gives a lucid accouut of the I iving: sponge a"l fOlllld ill Ofltrea rir,qinialUl IIml ,,",.'nu....

merCelUfTUl., He sa,'iS: "'I'his boring sprHl~e forms all ex:tcnsi\'l.l sY:-ltem of galleries hfltweell th('

outer and inner layers of the I'lhells, protrUde" through tbe perforatinll"l of the latter tn hill;!)'

proCfl"se". from Olle to two Ii lies long and one·l1alf to ttl ree·fol11'th>'! of a. Ii 118 ",hlp. TItf', tulips lire
of two kinds,. t1le most nnmerous being: cylindrical and expalltlell at tlH' orifi(\e in n f\ornl1a form,
with their margin tbin, translmlfmt., entire, veined with more opaque Hilt'>'!, and with Hw 11ml:1.f.

bril;tlillg witb siliceous spieulro. The seeolHl kiwI of tubeH are cOntl'aratiYl:'ly few, about [lR olle if':

to thirt.y of the other, and are shorter, willer, not, expanded at tbe oritlel\, and tIle throHf nnob
structed with spicnlre. Some of the second variety of tubes are eOllAtitutt"tl of a cOBil nent. IHlil',
the throat of which bifurcates at bottom. Both kinds of the tubes are very !llightly contractile,

aod under irritation may gradually assume the appearance of superficial, wart like emilleJl(~es

within the perforations of the shell occupied by the sponge. Water obtains aecess to the interior

of the latter through the more numeroos tubes, and is expelled in (juite actil'e {:llrrellts from t.Ile

wider tubes."
The boring process sAems to be effected by the action of the-Jiving lioft materia] of t.he llpOllg'e.,

aeconling to ohscr\'ations which have recently heen made by It Russian naturaliilt, according to

whom it appears that the calcareons matter i.s dissolved away by the parasite. I am toM hy a
practical oysterman that a bed once planted with Oysters which are hadl,v infested hy the boring

spongtl is apt to remain 80 for some time, and that the beds adjoining become infestt'd, for tile

reason that the embryo spong6ll, which are thrown oft' in Ia.rge numbers from t.he infested .. plants,"

8wim about in the water, attach tbeml'.elves to other Oysters, to begin their injurious growth lind
excavatiou8 in sound shell@,

220. NATURAL AND ARTD'ICIAL OY8TER-BANXS.

CHARAOl'EIUS'I'I08 OF NATURAL OYSTER-:B..!NKS.-I have examined a number of oyster

banks, whicb were readily accessibll'l in shallow water, with gratifying :res1Ilts as to the habits
of the animal under virtually undisturbed conditions, The~ banks, like those formed by the
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European Oyster, alwa,ys appear to he much lon~er than ~ide, but many of t.hem are almost

entirely exposed to tlw ail' dnring: low tide, a rare oeeurrenee, aemJI'llillg to lI'1ohius, with the
banks on the Scltleswig·I1()l~tein coaOlt of till': North Sea. r learned frolll thp owner'! of
some of these bflUks tllat, altllotu!h a eonsidel'al,Je projJortion of the O'ystpr~ Oil t1JC'llJ were

at times frozen to death dnring Ow spvere winters, the fpctlndit,\' of those which remaiucd was

such, combined with tue lJatura.lly favorublp conditions found on the banks for the growth

of old lind ;j'ouug, a;,; to re;,;lo1'e tlw bed:; to tiJt>ir wonh'd product iven('ss in oue 01' two seasons.

'\ViJether this dt~scril'tion of the fecundity of nw beds tllUlIII in :-;hallow water is ovenlrawn
or not matters little, since tbp,re was the plainest pvid,'nce tlHlt we had here before onr c;vea
tile best natural conditions for the propagatioll and feeding of the illdid'luals. The beds are,
in a word, natural spat·c{Jllecting grolUlds; p]a~es where snch cOlJditiollS obtain as will allow a.

large proportion of the swarming brood of the spawning J'\(~USOIl to affix itself securel,y and survive

in positions where au ahundance of food mar be got. The tide ehhillg aUlI flowing over the heds

not only carries with it in suspension the microRcoJlic food I.wst adaptc,} tor tlw lIourishmCIIt of the
Ussteft'l, but also tend;,;, owiug to tlHl peculiar arrangement, of t he shells on the banks, to ket;p the

surfaee of the latter clean, so as to he well adapted;ls faTorahle poiuts of attachment fllr the young.

In all of the natural balJks wiJiciJ I have bad the pleasure of examining ill the Ohesapeake.

the jlHlividnal Oysters assume au approximatl"ly vert.ical position. The USSlllll phon of this position
seeml:\ perfeetly natural; with the hinge eud downwards aJHl f1..w free edgeR of the Ylfh-e~ dired-ed
upward the animals are in all excellent {lOS1tiOIl to feed, whUe t.he out.side \'erUeal surfaces of tlle

vah-es arc well adapted to afford lliaces of attachment for the spat. Tim la,Uer, lJOwcn~r, appears

to atta<~h iL;elfiu the greatest abunda.nceto the old O,y8tcr8 at tlle surface of the bank. The rmmlt

is tlmt when onp removes the Oysters from tiJe bell th(>;)' are found to adhere to:.::dhel' in dusters,
generation after generation being piled olle on top of tlle other in sucee;.;siotJ. As many a.<; four

generatiollllma.y be made out in most ca8cs; the oldest being buried in the mud aud sam] below

and is often found to be slilotbered h:}' those wltieh ha\'c followed. E\'en below the last stratum

ofliving O.rste1's, if one keeps llig-gillg, it is discovered that the shells of llUlllNOUi'l still more

remote anCf'stonl of the living ones now occupying the bed are <lisposed vertieally ill t.he sand and

earth heneath. Attached to the upper edge" of these deall 8hells follows, we will sas, the first
living generation and so on to the fourth, composed mainly of yOUllg illllividualf,l or "pat only a

few da,HI or months old. Whether it is proper to regard tlle superimposed series of indiridnals as

generations may be questioned, but u.s no more expressive word occurs to me, I wish to be under

stood as using it here with qualifications.
POSITIONS OF THE BPAT.-1.'he spat does not fix itself ill any eonstant llositioll; the :YOUll.g

may have the hinge of the shell directed downward, upwa,rd, or to the rigbt or left hand.

Singnlarly enougb the shells do not grow in the direetioTls wiJich the free edge6 of tlte valves

are made to assume in the young. Should the young happen to be .fixetl hinge dowmntrd

the frw edges of the valves grow in length tlirectly upward; in case t.he hinge is directed
either to the right or to the left, the layers of calcic ca'l'bonate will be deposited iu
such a way upon one side as to cause the free ed~es of the Yalves to be eTelltunIl,V

directed upwards, causing the umbonal portion of the valves to deatribe an arc of {lOo.

In case the hinge is at first directed uJfward, the layers of carbonate of lime will I.>e deposited

in suoh a way by the mantle as to 'bring the mouth of the shell upward. The attempt to g~t

into a vertical po$itjon will, however, not always be successful in cases like the last; the arc of

1800; which it is necessary for the animal to traverse from its st3rting point in order to build

ibl shell with thefroo edges opening upward, seem to be a feat a little too difficult of accow

Plhthment, in spite of tbe wonderful peNlistence of effort manifested by the inhabitant.
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The hahit of growing" ill the erect position. where the banl.s a.re prolilie and undiliturbed,

~ausel'l ilw iudivi(luafs to be w\r.\' much cl"uwded t.Qf,'1Jtllf'r, so that tlUJ,r do tlOt ha.ve it caance to
('xpaml all/I grow i IJ lo thei r ll(mlli~l ,,1J <lope. From t.l.li:> call :'le, ovcl'erowlI i llg, the shel!g of tile

i nd ivillnal Oystf'rS becouH' ypry narrow and gn>atl r ('Ion gatNl; the pli'(\ltliar forms VI'h ieh result

llre lmown to o~·stetmcll as l'RaNl{Jou Oyster~," or I' Cat's·tonglll;'S," the latter name bt>ing probably
llerin'd from a ;;ugR"esth'e re.8f>,lll iJlaucc to the tongue of a cat. Fm\sil Oysters appear to have had

tile sallle lIahif, III some ballks their crowilcd cOIHlition may he inferred from the fact th:lt I
<JOl.lllted as man.) as foI't;r O,p\ten. ill au area ineJwlml by a qJlarlrallg]e of wire including eXl\dly

one square foot; thirty jmli\'iduals to thf;\ squa.re foot wall a. fair average on ol1e bank

tolxRUlined.
All of the observant writers upon the OYster agree that it i~ essential that the bottom upon

which oyster-banks are to be permanent should not be liable to shift or be OOVl;lred hy mud or

ilediment. The experienoo of the writer stron(rly enforces such a cODclusion. Tbe perwammt

banks, owing tQ the great number of dead &hells scattered through the bottow soil upon whicb

the,Y have been established) acquire a peculiar solidity or fixedness which the elllTe-nts of tide water

cannot sensiblr affect. When these banks aI:'e once covered by the clusters of Oysters more or

less securely held together by the lower portions becoming imbedded in the soil below) and

nmtuall~' wedged and fitted together hy the any Tllsnrfuces of contiguotls clusters which harB
become lIeatlj' ada,'ted to each other by pressure, it is a very JHll'fl matter for the tides to smotber
the bank unless sufficient soil in suspeufdion is carried by the waters w completel,Y cover t.he

n.uimals.

ESTABLISHME?'T OF ARTlFH:IAT~ BEDS,-The inferences W be drawn from the foregoing

ObSer\"11tions are very important. They naturally lead to the inquir~' whetber artiticial Oy>3t.W

Oedl< illlnnot at least be established ill shallow water) where the diffioulties in altering tbl'

elmracter of the bottom !'IO ag to adapt it to the wants of the Oyster are not llr:wticall,v

insurmountable, I believe that the establishment of artificial beds, which would in time become

similar in every respeet to the natural oneR, is possible in a moderatel;y rapid tideway. The

Jocalitie&, I apprehend, are abundant along the 8horetl of tbe Chesapeake, and 1 certainJ.\'

know of fi'W places wbere the existing natural conditions for stlCb a prqjeet Ill'e ltll,}' bnth'l'

than those found in Saint -Jerome's Creek. The bottom would, of oonrlile, bave to undergo snell

]lreparation aB would insure to it !ilOlidity, and it might be well to imitate the flat, ridge-lilm

character of the natural banks in construoting artificial ones. The long axilil of tlle bNls sh/luhL

probably lie trllll!.\'ersely to the direction in .which the tid~ ebba Bond flows in lind ont of tfl(',

('.reekR, as nppears to be the caRe witb many banks examined. The next thing to do woullT Ill'

to colonize therse artiftcial banks with Oystel'8 stuck thickly into tbe lwttoDJ j billge downwl11·(l,

imita.ting the position of the animals in the natural banks, The (lOSt of such an eXpt'rimental

bank would be ooDlpa-ratively insignifit:lant,
Sinee the publication of the substance of the foregoing suggest,ion I ba,ve se.en the idea

practically realized in th" Cherrysoone River, Virginia. A heap of Oyster-shells had b,o;efl
6cattel'ed so as tofuI'm It low, solid e!fwat;oll, which was l.lubmergOO twice a dar by the lidt',

Upon this spat. badcanght and grown until tho wholl'l in two ,yeaUl was 8.8 completely an"

80lidly covered by living natural-growth O,yllten 8$ !tny good natura.l bank. The desirability

of uaing the poorly grown stock from natural and artitl'ciaJ banka as "seed» fOI' planting
appenrs rell8onable, and could no tloubt be made pl"Ofitable where banks of Q. sufficient exteut

llOuhl be estabIiahed, from which a snpp[y of seed could Ue obtaibed.
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I have been informed by an old oysterman that pine bushes stuck securely into the sea
bottom so as to be submerged iu shaUow areas have been found very effectual as collectors.

In fact} he told me that in one case which ]Jad fallen under his observation an oyster-planter
who followed this plan hfld the satisfaction of seeing his snbmerg(~d bushes load with sllat,

much of whicb afterwards gTPw to lllarketabh~ size. Afterwards a productive ridge or batik
waa flle msnIt where the brllsh palisade had originally acted as a collector. Thick pnlisades

of brush might be stuck into the bottom TII'ar permanent oyster-hanl,s with good resnlts.

DOllbtleffi5 it would be possihle to estHblish banks h~' this mdhod if, in aUlJitioll} o;yster-Rhel1s
or stones were o;trewn 011 the bottom along (~itlJer side of the brush palisade, in order to afford
a foundation for the fixation of the fir:;;t generatiollf; of o~'sters.

SPAT-COLLECTOR.S,-Lieutemmt 'Vinslow, in 187!l, lls('d hurdles Or lH'sts of half-roUlld tiles,
riglJt to sixteen in number; tlJe rco;ults from OIl{' plac('d ill the Bi~ Amlemesscx were very flatter

ing'. After it. had been immersed twenty-four days 1}506 O,\"8tc1's hafl attaelJed thmtlfwlves. After
forty-five days ha.d elapsed 1,334 still remained, aHd aftel' llinely-three <lay>; were palSt tll(' number
st.ill adherent wag 539. I have had no snell success, lmt in otlw1' 1l3rts of the bay, as fit Tan!!iel'
Sound for installCe, !Spat fnlls in great abnmlance. I 1mn~ seen the imler faell of Ollt' vnl \'e of a dead

O~'stel' furnish att.achment for over forty spat from 0I1e-('igllth to tln'ee ('j~htll1'i of au illeh in

dia~lete1'. Sponges} pieces of wreck, old shoes, p('hbles, iron ore, !I'athcr, t1Jt' extprIwl snrtitee of

t,he shell of Jfodiolaria, brllnehcs of tn'po; and log!> wIlieh llll\'(' fallell illto tllC water aet, 1l!S eollpc1or8,

Oysterlll are sometimes found imdtle of hottles which have hl'<,n thrown upon the hottom, the fr;\'
lla\'ing walHleretl tlll'ough the lH'ck nIHl nttached itsplf to tIle inlIcr 8url'acp, gl'Owillg tn tlH' "ize of

two iuches in diameter and o,eT. 'I'll(' spat is slJapl'd lllUeI! li],;l' the !;(\allnp or Pm)iclI, a form wbich

it oft-ell retaiTls nntil it IUealllUrf'S 1ll0I'() tLaII two inelH's ill dillloetcl'. The lll'imary ref]uisite in

eollectors is that t.hey shall present ~lean surfaces while the ~pawnillg Re,uwn i~ ill prO/lTl.'ss.
Small inequalities are probably all ad~llntage, lll' the \'('1''\'" yOllngest SI)at, is often I'ollml ill chinks

and angles on the shellt-! of the adult.,. No other orgallisllls should be allowed to grow and oover

up or smother the o,vster spat. Barllacles, infusoria, moss animals, pol,\'ps, amI lllally other

organisms are liable to accumnlate on the surface of the colleetorfl to t1JfI detriment, of the yOllllg'
Oysters wbieh ha-ve established themselves. Many of theso animals} pol;vps especially, eat tbt>

young fry in the free-swimming stage, as shown by Dr. Horst.

The use of t,he methods employed abroad for eollec:ltillg sp~t has not been tested ill tbe Unit.ed
States npon a scale large enough to enable us to arrive as yet at any ....er,\' important conclusions.

Roofing slate coa.ted with mortar promises good results; the valves of o;yster-sbeIlR St.rullg' llpon

wire, pine cones, and brush have been used, but in unfavorable placeR} so as to vitiate to some
extent the results whioh were expectoo. A coating of cement will not answer; it gets too hard}

so that the liopat when it is to be removed from tlJe collectors cannot be lousened without injuring
itB delicate, thin valves. The coating of lime and sand shonld be thick enough so as to make a

layer of at least an eighth of an inch over the surface of the collector. It should also be aUowed
to thoroUJ~'ll1y "set," as a stone-mason would say, a,fter it has heeD applied 80 as not to wash off
readily. A strong mortar should be mixed for the coating} composed of sbarp sand and good
lime, in the !)roportions of alrout equal pads, and thin enoogh to dip the slate", or tiles iDto the

mixture bodily. If the first coat is not found to be thick enough a .second and third may be

applied. The tiles or slates after eoll-ting should l.>e ",llow~d to dry for two or three days so a8 to
allow the oootingto "set" :firmly.

48P
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Various wa."s of supporting the tiles and slates ha\'e been devised, cheap forills of which are

described in the treatises of Coste and Fraicbe. The primary reqnisite in putting' down collectors
is that they shall be so placed as not to be cO\'ered b;y mnd, especially where the bottom is overlaid
with ooze. III such cases they must be supported so as to pre'\"ent their falling into the mud, the
effect of which would be to make them useless. In practice, I suspect, that it would he well to

look aft-er the collectors occasionally and to brush ofl:' the mud, because in some places I have
noticed that thick deposits of sediment soon collect upon the upper surfaces. This accounts for
the fact that several observf'fs have IlOticed that the spat is disposed to attach itself and survive
on the lower surface of the collectors.

I am informed by :Mr. C. P. IIull that the practice of strewing oyster-shells as epa-t-collectors
on hard sea-bottom two or three fathoms deell jg becoming quite common on the Oonnecticut

shores of Long Island Sound. Here, the practice is to scatter two hundred a.nd fifty to three
hnndredbushels of shells over an acre of bottom. The method there bas also been so successful
and profitable a,s a means of increasing the area of the Ulster .fisbery that the price of the dead
shells has increased and is likel~' to continue to do so, since the demand is greatcr than the supply.
Mr. BuH, himself a p.ractical oyster-culturist, proposes to introduce this system into pradice ou
his projected plantstjous on the CheBa,peake, where a beginning has ahendy been made by this

method under the direction of Captain Bine, at Cberrystone, the supermtendent of tbe firm of
Malthy & Co., of NorfolkJ now largely interested as planters in the Cherrystone Ri"er. This
method is the same as that extensively practiced iu Europe.

Bow AN OYSTER TAKES ON FLESH.-Among oystermen the business of fattening or feeding
the Oyster is one of the most important, from the fact that upon the conditiOQ of the market,

able IJrodllct la.rgely depends its value. Fatnes!!, so called, in the Oyster is a condition wholly
different in nature from the state known under that name in stall-fed domestic animals. The
turgidit.y of the reproductive organs is not mmaIl;y indicative of fatness, as it appears some authors
have supposed, MoLius being the olllr olle who has apprehended its true nature. The word" fat,"
as applied to iudieate the condition of the Oyster when in flesh, is a misnomer, since it is not fat
at a.1l whieb is the immediate ('..aU8(~ of the condition of plllmpness which betokens a fitness for
market, but a very extensive deposit of protoplasmic matter which ha,s been assimilated and laid
down mainly ill the substance of the mantle. It is tbis relatively large amount of delicate, easily
digcstl'd protoplasm, BOOred up in the palps and mantle, which renders the Oyster 80 wholesome
and l.IUtritiollS.

The deposition of this protoplasmic material in the mantle, palps, and body stands in intimate
relation to tlH', activity of the reproductive organs. During th~ spawlltngseasQll Oysters are flaid

to be "llOOr;" that is to say poor in condition, for at this time the mantle, especially where it lics
next the body on each side, is very thiu and quite transparentj the radiating pallial musclcfI along

the border of the mantle, aM well flS its vessels and n('rv~, mas now be readily studied under the
microscope, owing to itl,l transparency and the absence of opaque granular protoplasm. If we
examine the reproductive organs at this time, as a rule, we will :find them greatly developed and
pouring out their products throngh two large ducts, the combined caliber of which is not far short
of that of the fntestine. It will be evideut to any thinking mind t,hat if tbe major part (jf tbe food

material elaborated by the digestive and nutritive s;ystewa goes to tbe ovaries.or testes to be

tra.nsformed into sex products, which are continually thrown otf duling the breeding sefl8On, little
of sucb material cau be stored. I1p in the tissues ·0£ the body. We hl\1ve described. exactly what
happens. In the month of September, when the OYSOO1'8 in thi$ latitode are for ihe most part
(lone epaw ning, the· drain of elaborated Inaterial having -ceased to flow from the openings of the
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rop.mdu.ctivfl organs, it 18 div~ried in another dirootion, but \ij retllin~d in tbe ~YbtC\n and b~8 to 00
dCPQsited somewhere in the body, Thfl' most J.Jxtenal\'c llepo.9it1.i of tlaill el1~h)rat('t1 li \'log m~tter

OC(1Qr in the mantle, hody, and palps, tn\;3 color of w!li~h rapidl:.;' ehanges fmm Ow water;" tram,

Jlarent OOIHUtiou l)'r~~alellt do-ring t.n~ 811awninR lW.a..."'.OIl to a, m"eamy wbite. Tlw. WilOl~ anhuftl al~(r

ooqnire.& a. SQUd..it.y which it diu llot POSlli!8S hefore; it los!";; its wtltf'rX1 i1l1pOi'€rishlJ13 appt',\ll'<'il)ee.

tQgetner with its ditlp%ltion to i\hriuk to a, frootiml of its original bulk from au exteu8tVe 10.'<15 of
fiuid8 wheu optmed. The mantle a,ud pal})~ beoome opalJ\l{'. aud thiek\,!r than hv-forfl, Rmi tlwir

sub~taDOO is IjQfter and more eiliSily laoer~tetl. Tlle cb:mgc ber~ fle8'fJrih~,U: I.2w}uu\}tedly aJrent;., til",
oollnootive tisgllt!. llril1cipaUy; :.ts ~l",ewlw.r~ gt:J.ted. The ruf~tcrial ill' t]Je lattel' ha.<; the milky

ap~l"ance of the reptolhmtive organ wh(:'u mntilate~l, anu lUa;.: readily be 1i1'i",tall;~u for the l'1.tter
by tbe inexperiencad. It ap~8rs t-bat the generath-e and lmtt'itiV€ fUl1ctj()ns are (wposed to e-/wl

other in the, Oyster al> ill '3ther anill)[\,h,; aU of whteh i(l(licate1S, {(lQ, tbe amoutlt of eflerg~- wltieb

must 00 t",x.peuded during tbe br~\llng !lNl,SOb in thb pl'OOlll.'.tiou or germ!:'.. Whate,ve,r sur-pins

ulIt1'iment i", stored up ill the winter appe41"S to 00 lUlUlediately devoted to thi:' fbtmation of gel'w8
upon tne 3rrival of th~ warm mouth!'!, when fQod i.$ all;,() prohahlr UlQst pleutifal jlud when the

esternal conditione. are rigbt for the deye-jopmeor, £If t.h~ cmb:r:;rli5. Tbe effiwt which th~ O.'fBter

make6~ at th(l exp-etlstl ()C 80 much .w:~terial, to MprO(lu.oo its kind <mgh:t to ho re-l'pectoo. Ju nu~

protection of the OY8te-:r during the clooe !Wason we I\N. simply f<:ll!owing the dict.at€l~ of ~~}W,ril~lJce

and eomtnQtl seU8,,~

Tbe ac.c01.mt whicll \'\"e ba\'1!> given lloUO\'C of the physt(llogy aolld iutetdcpemlt:uoo of ttle

fattJmhlg and :reprooucU"8 prl:>t'~ of tbl'> O.VS.tf'J'1 it 8eelilS tanH'" affords an (IT'JlOrtl1I11Iy to

point out now little plitbwphy there itS ill tlm doctrine that 0J'.sters lUay 00 faH,en~l by plltting

t.hem for a. day l)l' tW<:l in wauw less salt tllan that frQl'\'l whi<~h they W~l'e tirst taken, in Ol'd~l' th.a.t
the-;r mar he watt:r'swoHeu hy the actiOll {)f osmD...'l.Cr Ri) as to giye to tlwm a )}]UlUp app....anulc;'.

It is sQl'prisin~- lww little di:'.fl(',udt'lJOO i~ t(/ b~ V1aocd upon tIle li:tatf'li'l«mt-!'l {If oyswruWl( am}

fl.shel:ffit·ll in regard to th{', habit/< of tb\'. objt:lct& with whieh tht~:V \W~ SIlI)l)1)~e~i to be IOOt<.{ f<HuilillY.

And thil> sta.temtmt~ like many mhl1'8 of II ~ilD:i13J' ldml, )hH, lJO lJ$is of [ltd It))!l exp'1--l'ilJlel1h'11.

~wi.ti~uce to teJ;;.t upon. r u\a,y f:'IlFi\ up thfJ uttf',r alHmrdity ~}t t.l.tti wide$[lroad. belief itl tlUl PV<'l.,j
bilit.y of f'att~lling 0Yl>t"w. by removing them f«ttu 8'tlt to less MIt. water for ~\ few d,l.y"" hy

&!lring tltat it am.{)untr; to the 8~me thing aa to a8S{lrt tbat water is a fatty or l)hn~giH(ltH;Rllb-Ma,IW{'!

The «,);\ult<;lQf my mQ$t 1't'lL.'"eut \nve..'ltiga-t\\}t\l> upon th-c millute nnat(lttlyof ORty€« drginiea IWI,\"

be. :litly dM«Jribhd in this pL'li:e1 since the.y ba,ve, an lmpDrf,.mt hearing "Wm tbe ptoCe"l8 offott.te.uing.
'l'h~ Bl.l.ojed (If tbis tn<reM;fgation was one of thi3 most ilU[UW€l"ish(\(l-looking o:;'l'lr<:!r'1l wtieb it ha<;:

<'\'Bf been my fortune to find. It was coHected on the- 20th of ,rldy thh; pl''Cooot year (t8S2) anti
1'laeed i.n a, chromic ooid SOhltiIoll l)f Dne l)er cent. fgr fort,y-rugbt hOIll'!51 wu.-e.q it, W~~ wulted and
finally tran~ferl"Wi to alcohol, to be cut into sections when {)onveuietlt. 'J~bia 1 have ycc.enUN done.
W4en the It-pooimen jf) qu~tt(1Uwas f~liloh it w:,~ cbaracterizl."d by tM almost perf~~t transpar
eMy of the ln~tJ6> liud, as it I;lftel'w;lXds tumed oat, tbe te-tal atr6ph.r of t.be g"'J\('J:stiVfl organ,

R~fo~ thf.'l hardening procea-a had ~n undetg<me, the n,,~.[lHfl wa." greatly tI.iiSt.eude<l by watery

ffm~ IJ.O much $0 tha~ 1\.fte.r b3J>llening, it had lIhruuken t{) about oue-tenth of its bulk while in

the trooh and living state. The hlU'deuwl specimen wa.e. cut into thitl. seehoD.~ 'J,fu!;r imhedding in.
pa.raffine-

1
by means of a mo4!ficati(}ll of tbe Taylor freezing wicrotome; tb~ IK"CtiQIlii fot' tllinm·lJ3.

leftnotbing to lie dtmired, a-nd revealed .a. ooudition of thing8 di1f~l'tlDt frolU ;;ttty previottsly
&b8ervoo by tbe writer in $OOtions of {jith~r native Dr foreigo. 0.rewFii. A t'J.lJ"eful tnh:,rmscopie
eetutiny'iIwwed th~t nowhere in the 8ootiotl WdS tbeN ~ trace of (lv-en a TUdimev~ of the goow.a

tiv~nebv~.k de$Cribed,a.& tb0 atrOphied oon(1it,Iou ill ij, previous portion of this pap&'. Not e\"(~tl.
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a truce of till' conneetire tissue in whidl tlu;, rtluimen1,; of the latter are mmally imbedded

I'i'llHliIWd, but the Ilf'patie fonidl'~ or lliti mate ~aeculpH of t.he livl:'r were l,Yiug in i Ullll ell iattl

contact with the fila-ntlt" wHh lIO tiflsue whatever interveniJlg. I have hitherto fuund the lirer

lmrrounded by a thick ~t l'atnlll of E'oHlwetivl.l til'\fHW in all of t.he l'\pceimClls examiued. Sfhe stute

ments in a pre\'ion~ portion of this essay in regard to the existmlce of vessels which tI'a ,·erst' this

connt~cti\"e tissue ma~s will therefore lmre t,o be modified fiO far as to o:a,Y that. Hot only clot'S the

COllllceti"e tissue of tho hody lIlass eOlllpletel.y dis-appear, but also the vessels th{'llHlf'lv(·s wldeh

are exea va ted t hron g hits !:mhstance.
Turning now to the condition of the mantle, I filUI this iTl It nu less rClllal'l.uble state than tIll'

}larts alreadr descrihed. The "'\'"esitmlar connecth-e til>sue cell"," fl." t.hey han' appea1'l'll to lilt;

hitherto, haye gi\'eu plane to an entirely different strncturc~ apparently much le1'\8 solid allll

sll1.mt.antial. hateml of the dearly defined coarsely cellular /Structure usually llotiecd in sedi(lll~

made fwm lm~s impon;rislll'd inclh'idllals, the t.issue has now Ill'eoml' yery eOa.l·sel.y areolar, all trae('

of Uw pf'cnliar nndear hodie.., Imving vanished, togf\ther with the illtcrnal protoplasmic network

wbieh they flO clearly exhihit, The areolro inclosed hy the tibers of the eOllllt'ctive tis,;ue of till'

nmntlt' aT(~ yery eOa1'1'\(\ and may Tllr\asnr(' as milch fl." half a millimeter aeross in sections of 1hI'

harderwlI anll shrunken SIlrt~ilJlen. "'hen t.lw mant}(o W:1S gorged in life, with blood pr~babl.v,some

idca of the eoarsenc.~8 of thest' meshes may he formed. The llICSllt:'8 may then ha.ve mensured four

or fiVl' lIlilliuwters ill diamHtl'r, the n'slllting ean'rnous state of this highly elastic tissue e1HLbHlJ~

tl..lc mantle to lweorne gorged or swolhm by endosmosis to a rema,rkable degree, so much flO as to

eause t Ii e animal to be apparently bnl ky, yet in reality distended witil sanions tI !lids merely. 'flw

qucstiolJ llOW arises, What has become of this connective tissue whieh has so completely tlisal'"
pear£'d t '.rhf; oIlly intf'l'pretatiml which I (Ian offer is that tIle conUfOeUve tissu(; subs! ance has

been tr: 11 lsformt'd into .';c Kurtl prodnets wbieh have been pO[lred 011t by way of t,ll e effemn t 8tJxu<11

dl1 cts, a Ild 1hat our specimen rf;pn~sellts th e extreme of exll fMlstion COli seq[lellt u pOll the eoUl pleted

exereise of the reprorluctivefullct.ion for the season. The animal, in other words, bas flOW exlmusted

its germ-producing- resources, and must begin to feed and store np material for the next scafloII's

~tmerati\'e products. It tbert'fore become-f'; highly probable that the roproductive organs develop
l\lIew each sea-son. My reason for thinking 80 is, that in this specimen the atrophy or wastiug

a way of the reproducti \'0 organ has gone so far that no trace even of the efferent ducts of t l..tlt t botly

remains. The specimen, taken as it was in July, also shows tha.t the spawning season ma)' he

~!OmpJeted before the end of summer.

The connective tissue of the Oyster is, therefore, in reality transformed into ova and sperma

1:0S03, depending I>imply upon the sex of the individual whetber it shall. be tbe former or the latter.

'.This also raises the question whether the same iudividual may not be of a different sex during

'rliflerent seasons, since it appears tbat the whole reprodnctive organ disaplleal'8 and develops anew

·every year. This it is however to be noted is arguing from a. very diJferent basis from t.hat of

some foreigll writers who have been absurdly illogical enough to say that the Oyster was of a
different sex in different years, apparently forgetting that it would be impossible to open the same

individual twice iu 8ucoossion j sinoo opening it kills the aniulal and puts the Be<lOud examination

.totally out of the question.

The function of tl..le mesenchYma.1 oreonnectivetiasuein the <n·swis, therefore, of the nature

ur a. .\IOOre of reserved material-protoplasm laid up for the purposeof conversion into germs as tbe

reprodnctive organ develops anew. RiB then iutbe highest degree iinprobable that iti13 of the

nature ofan oily or fatty substance, ont of which it wo~ldbe imposSible to formsnchhigh-ly vitalizetl

bodies as the ova, and eperma.rozoa of the Oyster.· WitHe it ~. true that weftrid· the mesenebym6
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dcYcloped to tIle g-reatcsj. ('xtCllt during- the winh'l' wllell it lIlay hI' fiaill the OSMer is ill the

OCf;t eOfltlition as reg'ards flesh, it does Tlot follow that this pllllllfluCSS is tlll{~ to fatt~' llJatt(~r"1 hut

rather to a larg-er amount of protoplasm tilling HI' the malltle, palps, amI body mass.

Onr ~{~etioll" oftlJe specimen (lescribetl alJoH'>:how i4omf;othcr "dug-nlar features whidl (~mmot

be passod over in silclle9. Tlw principal of these is tho pT(',;(JlICC l)i' tlJiek·wullc(1 H~s:;;t\b ill the

ventmllohes of the mantle. In life w{~ find hr:lllching V()SSCJ.'l Ylsilrlt: ill tile traTl.',pan'ut mantle in

very impoverished speeilm\lls, sneb as tilt' one ulJder cli~ellssion. These H'ssels may be follo\H'd to

wiJu.t are appan'ntly their ultimate rall1itl{~atioIlS aUll seem to ('utI abru]ltly. It is tlJe~(~ \'t'ss{,I"

whicL become obscured w Ilell tiw <Inimnl aCfjuin:,s flesh; tile.' <In:, in fad. hiddl'lI iu the thick

d eposi t of COIlnective tissue laid down ill t hn ,IWlll t Ie, They 11 1'.\ grayish or II' h itiS]l i tl color as the.....

shimmer throngh the transparent {'xtl\rnal epithelial aud {'oll11eetiyc' tissm' layer,>; of 1 he lJlall tle

org<llL. The.\' are also lliffereut in char:wh'! from oth{'r vessels exea\-att'c] in tilt' cOlJllectin' tissue

of the mantle, alHl which disappear with tlw atrophy of the latter's 8111Jstauce, jnst as we llOticed
was the e:Hm with tlle vessels of the body mass. 1.11 a s]1l'cimen as j,\T{';lt l~- impon'riHiJed as tlie oue

uuder discussion, the tLick-walled pallial VI'8sI:'1", lweome ver.\- cOllspieuoul:I ill tTaIll-Werst' seetious.

TheS ma.y lJOt have the same function as the blood\'eflsnls of the onlillary wall-less fi)l'UI fOllUd iu

the COIlIu'cti\Te tissue, fcom whkh type they mar ue at once tliKtinglli ..,hetl hy their thiel;:, fhwlS
eeJlular watls.

The almost, total :tt-roJlhy of the uwseuchyme or mesoblast duriug tlll' t>JlllwBillg- t>eaSOll i8 a

\'("l''y remarkaLle· faet, lJO jpss so than its regeneration. It appears, lJu\\'t.'\'el\ as far as 1 !lave been

able to learn from tralJS,erRC sectiolls of yery slUall t>pat, olle-l·jghtlJ to oue-sixtet'ntlJ of all inch

in diameter, that tlJe abseTlce of It weB-dt'veiopcd eonnecti \'e tissue lleposit also (~hllracterizel:l the

soft parts of tbe YOIllI/,!.' animal. Indeed, the lin'r follleles here are relatin>ly few iu uumber,
wh{'o.I'e<ls the;}' are ver,y nlllllCl'OU8 in the adult. The follides ill the youug al.so lie in illlJlltxliatl\

contact with tIJp mantle, resemblilJl,!.' in this respect tbl~ ,"pawn,sIlent adults. This, for embrsolo,
giCl~1 reasous, oug-ht to l)f! so. ~VI) find, ill fact, ;tfY~urfliIlg- to the unanimous testimony of o]}servcr1'1

that the meRoblast in the 0Sl';tcr dm'e!opf; by the jlrnliferat,ioll of c{'lls from the outer Hnd inner

la-yers into the segmelltlLtion or bOll)' ellvi t y. 'Vh~', then, should it not be ab"orbed a,ml rt'g-ener·
nted in the saine way In the adult 1 There. seems to be. no Ylllid reason assignahle wh;r this should
not be so, if we look upon the mesenciJyme with its vessels and areolar tissue awl cavernous

8paces as having been primaril.y derived from t he em hryollie botly ellvity.

The arrangement of the intestine as .shown in sections of spat as slUall llR t,iJ;tt Ilescribed

nooye is eSRClltially Hw same a,s in tht' adult. The second bend of the intestine (jl'osses the
gullet in the same wa;}', but the double lnteral longitudinal fold or imlu[llicatiou is not so well

marked as in the inte8t,ine of the adult. Thn RtOlllRCh is more nearly cylindrical aud not so
irregular as in the adult. The contents of 1)Ot1.l the stomach llud intestine show that diatoms

have formed a large proportion of the food of the young animal, in the sections of which, these

contents, in a number of my preparation", have been kept in situ.
iI'he sections of the soft parts may be very readily double stained so as to bring ont the

til:\Sues of t,he «"productive organs very distinct,ly. '1'0 effect this, I throw the section into a

801ution of methyl green for a few minutes, then into magenta, when it will be fOUIld that

the green will dye only t.~ reproductive tissues, leaying the others scarcely tiug-ed, while the red

will stain tbe mantie, U"er, and connective tissues, mapping out these parto'! so distinctly us to
ma.ke a really. useful. as well a.8 beautiful preparation.

·Oonsjd-erable care mnst be exercised ill the preparation of th(~ color solutionH,80 as not to,

have them too intense. The sections should also be at once and quickl;r dehsdrated or else the-
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alcohol will abstract the green and spoil in part the effect of the flouhlo stain. In mrrking
sections, the best ones which I bave e\'er made have been prepared from portions of whole
Oysters which had bet:1l imbedded in paraffine, the latter substance haYill~ in the molten state
interpenetratl.'~all the ca\'it.ies and spaces in the hardened specimen, which had been previously

dehydrated and saturated with oil of turpentine.

Nure on the aryan oj BojlJlW8 oj the Oysl,er.-In the first part of this paper it is atMed that the organ of Bojanus is
rudimentary or wanting in the Oyster. This smtement must 110"'" be modified. 'Vithin the prust year, !L Hoek, of
Le"'den, has demonstrated the existence of the orgnn of Bojanus in OIltNJa cduliE, and the writer has shown it to he present
in the American species as a crescent-shaped glandular or cann,liculatl.'d structure lying just below the adductor and dose
.against it, w; a paired organ which al80 extends slightly into the substllJlce of the mantle 011 either side. M. Hoek has
shown that, as ill. other acephalous mollusks, this organ commnnicate8 with the pericardiae t'.avity and the genit'-1.1
.apenings. I ts function i~ elteretory.

Vah'(~ oj the l~(Jrl.-A pair of very distinct· vQlvn1nr folds sepamtes each of the aurides of the heart. of the Oyster
from the vontride, opening upward into the latter. They prevent the blood from rt'gurgitating into the auriclei, and
<:l!U»C the blood-eurrent to assume one constant direction, "iz, from the auricles to the ventrides, and from the latter
through the anterior aud posterior aortic vessel8 to tIle various pa.rt!I of the body.

PiJJali",l, of the ~p<lt.-Reeent studies have led me to the eonclu!'Jon that the ,.,xi~teneeof a byssus in the fry of the
Oy",ter l,q very doubtful, lIJld that fixation is a.ceomplished at a Yer;, early stage, possibl:r" twenty-four hours after the
embryos commen<::e to swim, by tbe border of the mantle, as I have endea"orod to o;how in my puper "On the Fixation of
the Fry of the O:r'ster," illustrated with figures, and recently prepared for the Bulletin of the Dnited Stutes Fish Com
mil5Sion, where I ll.lso show that the beaks of the 1a.n~J.l valyes are con~"1.antl:r· dircctl.'d one WlJ,y, and thAt the hingc end
of the larval shell is inclined upwllJ."d. the free margin of the left larval valve being brought into clQl;;e contact ~'ith the
surface to which attachment occtU'l! through the instrumentality of the margin of the mantle. The attachment itself iB a
very finn one, Ilnd consists of the horny matrix of the calcareous material which ReI'YOS alii a cement to glue the free

..margin of the lower valve of the h7' alId spat to the snrfare which has heen chosen as a permanent abode.




