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embodied in a separate report,
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A REPORT UPON THE SCALLOP FISHERY OF
MASSACHUSELTS.

The bays, estnaries and tidal flats of New England arve prac-
tically undeveloped as somees of foud, The demands and con-
ditions of an inereased population, far snrpassing the dreams
of the framers of the colonial laws, have in a very great degree
destrayed the delicately adjusted balance of animal life in these
waters, and left us only a comparatively barren waste, governed
by laws far out of tune with the changed conditions. The waters
are capuble of prodneing for man as much * sea food ” as for-
merly, possibly more, but certainly an enormous increase over
present supply if the laws conld be so amended as to permit the
enltivation of the bavs and shores to the full eapacity, after the
seientific agrienltural methods already adopted for inereasing
the vield of the land,

It is n well-established law of eeonomics that inereased popu-
lation increases the demand for food, with eonsequent higher
prices, These higher prices tend to spread to well nigh every
braneh of living expenses. The fundamental method of check-
ing this undne inerease is to inerease the =supply. We have
learied to do this in the cace of eorn, potatoes, wheat and other
agrienltnral staples, and (apart from nncconomic and often
harmful manipnlation of prices by speeulators) the increased
demand brings forth an inereased supply. With the supply of
g, lobsters, fish, elams, seallops. ete., however, we apply the
absurd practice of limiting the demand by restrietive legisla-
tion, e.q., close season, size limit, Hmits upon time of eatehing
or upon quantities to be taken each dav, ete., rather than secking
to angment the supply. Tf the demand for eorn or potatoes
tends ta higher prices, the logical remedy is the produetion of
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wore corn and potatoes. We do not eall vociferonsly for a elose
season o1 corn or potatoes, vr for auy other law which tends to
restrict the demand. Measnres ave taken as quickly as possible
to augment the supply.

The necessary inervased development of our shellfish supply
is notorionsly prevented by antiquated and inadequate laws.
Agvienlture eanuvot flourish where the community must depend
either wpon natural yields (* volunteer ™ crops), or npon fields
tilled in eommon by persons whose chief aim iz to selfishly
appropriate the results * before the other fellow ™ can,

The capital required for enltivation of the water. aquiculture,
is far less than that requived for suecessful cultivation of the
land, while the returns per acre are far greater, both in mouey
and in food valne of the product.  Omr shores, therefore, offer
remarkable opportunities for the development of shellfish gar-
dens.  Here employment could he firnished for many thonsands
of unskilled laborers; in a healthy and remnuerative oconpation.

To seeure sneh desirable results the public mind must be
disabused of the false idea, almost nniversally and tenaciously
held. that the * publie rights ™ of getting shellfish wherever
they may be found is a valuable and malienable right. It is
equally illogical to apply the same reasoning to forest and fruoit
trees, to sirawberries, raspberries and eranberries, making these
the property of the person who discovers and markets them,
while at the same time making laws which prevent inereasing
the natural yield throngh enltivation by individnal owners or
lessees.  The intelligent publie eannot fail, however, to see,
upon eareful and thoughtful econsideration, that what has been
represented to be a bonsted llessing is now in fact a veritable
inenbns, impeding further progress, and (o this are to be traced
many of the unfavorahle conditions which check the development
of our fishing indnstries and the prosperity of onr shore dwellers,

An abundance of = sea food  3s a strong attraction to our
summer visitors, But the supply must be certain, regnlar. defi-
nite, readily accessible for quick eonsnmption: available in
sufficient quantities to meet speeial seasons of lavgely inereased
demand ; and produeed nnder unquestionable sanitary eonditions,

Further, the supply of bait for our shore fisheries is an ex-
ceedingly important item, and should fornish directly large
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opportunitics for cmployment, in addition to inereasing the
quantity ot sea fish landed upon onr shores.

For these reasons it has seemed wise to the Legislature to
devote some attention to the questions juvolved in the very
obvious decline in the shellfish prodoetion along our coasts,
sinee this decline affeets not alone the shore eommmmities, but,
to some degree, every citizen of the State. The problem must
be viewed in its hroad aspect. The souree and the supply of
=eq food is not solely and exclusively the peenliar asset of the
seashore town, to be kept forever closed to development. Tt
shonld be traly publie. in the sense whieh onr forefathers in-
tended, i.e., © free to every citizen of the Conunonwealth,” free,
not for plunder and destrnetion, but for intelligent development
for the inereased produetion of food aud wenlth,

Inasmneh as the seallop ( Pecten irradians) and the lobster
(Hlomarus vulgaris), thongh formerly exceedingly numerons
and cheap, have now beeome merely a delieney, practically be-
voud the reach of the average citizen, it seemed desirable to in-
vestigate for the purpose of snggesting <ome feasible methods for
increasing the miarket supply, before the sonree is commercially
exhausted.

Ta say that the fanlt lics in the inerensed nse of these foods
is but idly begging the question. The fanlt rather lies in the
failure to assist Nature, which is ever ready to respond to
imtelligent and well-direeted efforts to inerease her honnty.

The report covers in very considerable detail the facts eon-
nected with the seallop industry. The notable peculiar fact in
the life history, the weak link in the chain of supply, and, there-
fore, of greatest importanee, is that the abundanee and even the
continuance of the scallop depend chiefly upon the generation
immediately preceding, Thus, suceessful fishing depends upon
the number of eges Iaid by the previous generation of seallops,
The numiber of eggs laid depetuds npon how many adults lived
through the vicissitudes of the previous winter, after escaping
the dredges of the seallopers.  As n general rule, the seallop
lays but a single litter of eges, inconceivably vast in nmumbers,
but yet only a single litter. It seems surprising that uature
should, so to speak, rest all ona single throw,  So narrow, indeed.
i= the wmargin of safety that the excessive destimetion of scallops
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less than one year old, i.e., “ seed scallops.” may result in com-
plete anunihilation of the future supply,—a condition which
has oceurred in some localities.

The present report is largely the work of the biologist to the
commission, 1. L. Belding: A.B.. and has been earried on upou
a broad outline laid out by the chairman, under whose gencral
supervision the work lias progressed, in accordance with the
provisions of the following resolve: —

Acrs orF 1906, CHAPTER 74,

RESOLVE TO PROVIDE FOR AN INVESTIGATION AND REpont BY THE COM-
MISSIONERS OX FISHERIES AND GAME AS TOo SCALLOPS AND LOBSTERS,
Resolved, That the connmissioners on fisheries and game he authorized

ani diveetedl to iuvestigate and report upou the life history, feeding and

breeding hahits of seallops and lobsters. and to make any investigations
wlhich may assist in devising methods of ecommercial propagation of
these animals, or of inereasing the market supply. The said commis-
sioners are authorized to establish and adequately profect strietures
and aveas of land or water wherein such animals may be kept nnder
observation. and to proteet animals or material contained therein, -and
to erect or Jease such areas of land or water, bmldings, hoats or ofher
strnetures, as in their opinion may he necessary for the proper pursnit
of the above objects. Said commissioners may expend for the purposes
of this resolve a sum not exceeding fifteen hundred dollars a vear for
a period of three years.

CHAPTER I — INTRODUCTION.

Dy, Geowge W, Tienn, Chairman, Wassachusetts Commassion on Fish-
eries and Game, Slate House, Boston, Mass.

Sm: — 1 hevewith snbmit the following report npon the hife history
and habits of the seallop (Pecten irvadions). All investizations herein
were made 1n accordance with the provisions of ehapter 74, Resolves
of 1906. The work was conducted by D. L. Belding, assisted by W. G.
Viual in 1807, 1008 and 1009, and by W. H. Gaies and C. L. Savery
in 1006,

Respeetfully submitied.
Davro L Benpixng. Biolawist.

The followinz report embodies the results of the experiments and
investizations condneted on the Massachnsetts coast during the years
1905 to 1909, The faclts disenssed 1 this paper ave intended for (he
inspeetion nf three classed of readers: the fisherman, the consumer, and
the seientific student, each aceustomed to the daily nse of terms with
whieh neither of the others 1= familinr. This cireumstance, added to the



OF MASSACHUSETTS. L)

faet that the subject-inatler of the veport is [argely lechnieal in clir-
aeler, venders it doubly hard (o present the waterial in elear and eom-
prehensive form.  As the iovestigations were primarily desigued for
the benefit of the fshenman, the terms as far as possible will be those
nsed by the practieal senconst inhabilants; while the report is arranged
so that sections whieh arve purvely seientifie may be omitted withoat
inpairing the value of the whole paper. Whenever a seienfific vr eollo-
quial name is used o the text the common name is either given with i
ar a more complete definition is appended in the glossary.

The e¢irenmstanees whieh led te the legislative aet anthorizing the
investigation were briefly as follows: In the years previous fo 1005 the
seallop industry, while still an important source ol winter revenue for
the southern coast towns of Massaehusefls, manifested sicus of serious
decline, especially in the Buzzards Bay region. A natural resouree of
silieient importance to bring mto the Commonwenlth a yearly revenne
of nearly #150.000 could not be neclected, and the result was that the
Legizlature direeted the Department of Fisheries and Game to study
methods of improving the seallop fishery. The laws which were at that
time in foree were hased on very defective knowledge of the life history
o habits of the seallop. and it early became appavent that a knowledge
ol these mmportant points was essential for proper legislation for the
conservation of the industry, It is enmestly hoped that an immediate
vesnll of tlos investigation will be the passage of suitable legislation for
the preservation of the scallop fishery.

b ject.— The aim of this report is to publish all known faets about
the life and habits of the seallop, and to show their proper bearing
npon the present fisliery. At the beginming nf the investigation eertain
important guestions of o practieal native presented themselves.

(1) Is the seallop supply of Massachusetts in danger of extermina-
tion? 1f =0, how cau this be avoided?

(2] Is the preseat protective legislation based on avenrate knowledge
of the life and habits of the seallop?

(3) Can the senllop be propagated artificially?

(4] How can the present industry be inereased?

In order 1o oblain satisfaetory answers (o these questions it was
found necessary to obtain information npon:

1) The distrabotion and rangze of the seallop.

(2) The anatmny and its relation to the habits of the animal.,

(3) The spawning, reproduction, enrly life istory and propagalion,

(4) The hahits of the yonng and of the adult.

{5) The vate of growth awd length of life,

(6) The seallop lishery, — its present extent and possibilities.

Presontation. — Information on the above points, as completely as
possible, is pressuted in the following pages, ench lopie in the form
ol a chapter: and the practienl benving on the fonr questions is eon-
sidered whenever fensible under each suhjeel, and is snmmarized in the
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geneval couelnsion at the end of ebapter VI. It is realized that there
are various faets which still require further sindy, and that it wall rake
years of investigation to complete the history of the amimal. The
anatomieal deseription in chapter I1. is by no means eomplete. The
ohject is werely to give ihe reader a geneyal idea of the structure of the
animal, and to make elear the move intrieate development of the various
organs us they appenr in ehapter 111, No claim is made for marked
originality or for deiailed work in the chapter on anatomy: the general
seheme given by Dhvew (1) is elosely followed, and only a simplified
deseription is given, Likewise, the embryology of all the lamellibraneh
mollusks have such a close similarity, not alone in the general course
of development, but even estending in some eases to very minute details,
that the deseription of any species might he applied equally well during
its envly stazes io any other elosely related speecies. Thas, althongh onr
work npen Pecten irradiuns was begnn fonr years ago, and earrvied on
entively independently, and s, we Dbelieve, the only work upon this
speeies which even professes to approximaie complefeness, its generval
features closely parallel the admirable work of Drew (1) apon Pecten
tenwicostatus (the deep-sen seallop). Many of onr vesults, therefore,
ave entively new for Pecten irradians, and, sinee (hey eonfivm the earlier
publishied olservations on this and ether spesies hy Trew (1), Jackson
(4) and others, to whom due credit is given, are of use not alone as
confirmatory evidences: bul since they contribute new observations wnd
orizinal applications of these faets to the practical solution of how hest
to develop and wainlain onr seallop fshery we trnst that they nre not
withont valne. The life history ig given in narrative form and is not
explained in detail, as conld be done by sectioning the developing egas
and embryos.  As it is the purpose of this paper to present not only new
material but alse a rather complete acconnt of {he life and habits of the
scallop, it has been frequently necessary to reprint or vefer to previons
works on the subject, In most cases these observations have leen
verified by our experiments, and ave printed with the consent of the
anthors,

Courtesies, — At the start of the investigation in 1006 there was fouul
a general lack of knowledge among the fishermen upon sueh important
points as the spawning season; rate of growth and length of life of the
seallops ( Pecten irradians).  Indeed, Little Jiterature on the subject was
dvailable, Kelloge (5), Jackson (4), Ingersoll (8) and Risser (2) eom-
prising all publieations on Pecten irvadians. Of these, Risser alone
dealt with the spawning, growth and length of life in his report npon
the life history and habits of the seallops in Narraganseti Bay, Jackson
with the yvoung seallop, and Kelloge and Ingersoll with the industyies.
While the paper by Riscer was of great assistance at the start of the
worl;, the diverse natural conditions in Massachnsetts waters often ren=
deved our vesults at variance, and wnfortunately made thiz exvellent
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veport ouly valuable for comparvative purposes, 1o addition 1o these
publications the following papers proved of special value fn the work:
Ivew (1) was of greal assistanee in studying the embryology and in
preparing (he chapter on anateny; Jackson (4) furnisled copsiderable
belp and useful methods in tracing the post-embryonic development
and Kellogg (6) was found a most compreliensive and valuable paper
for gencral veforence work.

The writer is depply indebted to Dr. Gearge W. Field for his general
supervision and helpful advice in the investigations and in the prepara-
tion of the veport: o Profl James [ Kellogg of Williams College, and
Prof, Gilman X, Dreew of Maine University for their kindly eriticism:
and o the seallop ishermen of Massachnsetts for their friendly assist-
ance. More espenially is acknowledewent due to the assistants in the
investization, Tn the summer of 1806 W. H. Gates and (. L. Savery
ahly assistad i the post-embryologienl investigations and geneval growth
expertments.  Duritg the sinmers of 18067, 1808 and 1909 W. (z. Vioal,
togethier with D, L, Belding, bronght the embryologieal aml post-embryo-
logienl work to a completion. The worlk of all {hree assistants, partieu-
lavly the enutinued investigations by W. G, Vinal, is worthy of special
commendation,

Methods of Investigation. — The greater part of the work on the seal-
lupr wis conducted al Monomoy Poinl in the town of Chatham. Near
the end of this paint an enclosed body of water, some U acres iu area.
vontected with the orean by a shifting channel through which the tide
passed pvery twelve Lonrs, was pequired by the State for experimental
purposes.  This body of water, ealled the Powder Hole, is a uatural
breeding ground for shellfish, and proved an excellent place to study their
life listory and habite, A few seallops were found in the Powder Hole
at the becinning of the investigations; more adults were brought there
o breeding purposes and the basin was transformed into a satural
aquarivm. In this way it was possible to keep close observation on
severnl sneressive generations of seallops in regard to their gvowth and
length of life nndey completely natural conditions. A small laboratory
was erected on the shore. and a rafi 20 feel long by 10 feel wide was
socurely moored in the deepest part of the vove. The vafl proved an
ividuable aid in eatehing and vearing the young, some of the most
important experiments being condueted on it.

While Monomoy was the central station for the seallop work. observa-
tions were made in other parts of the State undor as diverse conditions
as possible. Reeords of the spawuing, gvowth, migration and habits
were kept at Edgartown, Nantucket, Chathaw, Novtlh Fahoontl, Marion
and Monument Beacl. Tn this manner the eniire sealloping tervitory of
the Commonwealth was under surveillanee.  Under ehapter VII. the
specilic methods of work will be given in greater detnil,

The Sealtop Family, — The seallop belongs to the class of mollusks
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called the Lamellilranchia, ov, to nse an older nomenclature, the Pelecy-
pioda, The family of the Pectenide inelndes a great many speeies,
totalling ahout forty, of which the most importanl eommereinlly is tle
shallow-water variety, Pecten ivradians. Of the four species found on
the Atlantie coast ouly two are of vommervial importance in New Eng-
laud, Pecten irradions and Pecten tenpicostalus, the mant or deep-sea
scallop of Maine. These are rivals in the Roston market, but the smaller
seallop i3 nsually preferved by reason of its more delicate flavor. Sev-
eral different species of the Peclenide ave used as foed in other coun-
tries, Foesil Pectens have heen found as far back as the Carboniferons
nge.

Names. — Pecten irracdians is more commoiily given as the scientifie
name for the shallow-water seallop of the Massachnselts coast, but 1he
later and more exact litle of Pecten gibbus, var. borealis Bay., is now
used. TIn New England the animal is ordinarily ealled by the name
“soallop,” sometimes written **eseallop.” This word, according lo
Ingersall (B), i5 derived from either the French “ eseallope” or the
Duteh “ sehelp,” meaning o shell, In Ttaly the scallop is called * eape
saute,” in Holland “mantels,” in England “ fan shells,”” *frills,”
“ gneens,” and “squims.”

Distribution, — Pecten trradians bas o wide geograplieal range, ex-
tending from Massachnsetts Bay io the Gulf of Mexsico, where it has
been reported in the vieinity of the Chandeleur Islands in Lomsiana hy
Professor Kellogg (7). It is oecasionally found along the Atlantic
seaconst wherever Lhe eoast is sufficiently broken to afford sheltered
bays and inlers. In 1880 Ingersoll (8) reporis its presence in North
Carolina, where it was used for local trade at Moorehead City. The
seallop inhabits quiel waters, where it i1s protected from lieavy winds
and storms, whielh would wash it high on the sandy beaches. Long
Island Sound is very prodnctive of scallops, and many thonsands of
zallong are shipped from its waters in a sneeessful season,

Tu Massaelmsetts this species oeenrs eommereially only in the waters
south of Boston (Fig, 78). Tt is usnally found in abundance along
the sonthern shove of Cape Cod. in Buzzard’s Bay and about the islands
of Nantueket and Martha’s Vineyard. Aceovding to a map in the
Boston Musenm of Natural History a small bed formerly existed in
the waters off Nahant. Rhells areé often picked up on the North Shore
beaches, but at present no live seallops arve found in this State north of
Boston, It is veported that a few are to be found in some of the warm
bays of the Maine eoast. Thus the seallop fishery in Massachusetts is
ouly a partial industry. as it eoncerns only the Vineyard Sonnd and
Buzzard's Bay shove.

The bathymetrieal range of the scallop is extensive, as many thousand
acres of eel-grass flats, extending even to a depth of 60 feet of water,
are covered at times with this hivalve, Tenally the seallop is found in



OF MASSACHUSETTS, g

waler Lo 5 ta 80 Leet deep.  Seallops are often abnndant on the high
flats where there vemains Dnt a foot or (wo of water st low fide, as an
the Comunon Tlats at Clintham.  These exposed places with the thick eel
ppass seomt (o receive Lhe heaviest sets, bub the young often perish in
the cold winters, Seallops can arbitrarily be separated into two elysses:
(1) the elanmel or deep-water geallops, fomd in water 15 to (i) feet
deep, and (2) the shallow-water or eel-grass vaviety, from low-water
mark to 15 Leet.

While the extent of the scalloping avea is large, owing to the wide
vatge of the animal, only portions ave over productive at any one lime,
A set may be in one place this year and the next year's spawn may
*eatel ™ in o differcot Joeality,  Thus, while all the ground is suilable
for seallops, only a small part 15 e produetive operation each year.
The natural barvier to the distribution of the scallop is the exposed
matnre of the coast, as this mollnsk capnotl live in vough waters.

CHAPTER 1I.—ANATOMY.

The loss of (he antenor adductor musele in Peeten, as shown by
Dyew (1) and Jackson (1), has been aceompanied by a shifting of the
soft parts, so that the antero-posterior axis, instead of runuing parallel
to the hinge line, forms with it an angle of at least 60°. While this
fact 1s recognized, for simplicity the relation of the hard and soff paris
i the following deseription i= eonsidered as in a typical lamellibraneh.
The animal is oriented: (1) dorso-ventral axis or height, from the
Linge to the opposile edge of the shell; (2) antero-posterior axis oy
width, the distanee neross the shell; (3) lateral axis or thickness, the
distance between the two valves (IFig, 63).

The Shell.— The seallop shell consists of two Interal valves joined
together un the dorsal edge, the hinge line (HH), by means of a thin
lignment, The two valves, which open on ihe veniral or lower edee,
are nearly round and of equal ewrvature, The might or lower valve, on
whiceh the animal rests, is of a leliter and cleaner color and differs from
the upper in haviog a hyssal notelr (B) or fool groove, In the seallop
lexs than a year old this noleh is lined with several projecting teeth,
which are absent in the old animal. Tf the shell of an aduolt is broken
along the notch a row of thivty-five or more of these teeth can be seen
extending back 10 the unibo. The adult seallop is somewhal wider than
high, the avernge dimen<ions heing: leight, 295 inehes; width, 2%
mches; thickness, 130 inches.

O the outer surface of the shell arve prominent ridges and furrows
(IR, F) which vadiate frow the beak to the free margin, giving the
animal o beautiful fan-like appearance. The nmber of ridges does not
vary in the mndividunl seallop, the adult havinge the sate number s
the very young animal. Tn diffevent seallops the number of ridges
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varies from 14 to 19, the average being 16, Crossing the radiating yibs
ave concentric growih lines, which almost show the daily aceretion of the
shell,  Awe and wenr eanse these Lo be less conspicnons toward the heak
and on the lower valve, During the winter months growth ceases and
when again resumed in the spring, 8 heavy line has formed by the
thickening of the edge of the shell, comparable to the annual ving of a
tree. This is the so-called growth line, which defines a “seed ™ or
immature seallop.  Soch marks may not always represent the end of
the seazon’s growth, but may indicate that nnfavorahle eonditions for o
revlain lenzth of time ehecked the huilding processes of the animal.
When seallops were tyansplanted from Inward Point to Monomoy
Point; beinz confined several days, the change cansed a wiark similor
to the annnal growih line.

fu old age these growth lines may pile up and form a very slight
re-enirant in the shell, due to velrogressive development, The ve-enfrant
18 not =0 eonspienons in IMeeten as in other Jamellibranchs which have
a thicker shell. If the edge of one valve i3 broken, the apposite valve
grows down abuormally to protect the soft parts, Both valyes ave
needed in place to get a normal growth in the same manner as rodenis
reive hoth sels of ineisors to wear on each other.

Resides these movkings the outer surfaee of the shell may be engraved
by varions enemies, The oyster drill often punetures a small hole in the
shell and throngh it sucks out the sofi parts. The borng sponge does
not attack the seallop as frequently as it does the oyster and other
mollngks whieh lead o sedeutury life, but oceasionally ports of the shell
are dissolved by tlie seeretions of the sponge. In the older seallop of
lifieen months the npper vahe is nsually covered with varions forms of
life, snelt as Serpmla (worm tubes), barnaeles, young oysiers, Anomin
(silver shells), Crepidnla (quarter deckers). Aemma and such sea weeds
ps Enteromorpha, Ulva and Champi parvia. Many old seallops are
donhtless killed by the acenmulation of foveizn growtly which at times
fdstens the valves together,

The inner surface of the shell is very smootl and somewhal vitreons, |
dne to the nacreons or pearly material secreled by the mantle. The
ridges and forrows exist bor are nol conspienous. The sear, whieh
marks the attaelment of the adduetor musele, can he seen indistinetly
outhined slightly to one side of the center of the shell.

The hinge Line (HII) i& enrved in most lamellibranchs, bul in Peacten
it is straight, and extends to the end of the well-developed “ears™ A
Veshaped spring in the central part of the hinge tends to keep the
vitlves apart after the same manner of doubling a large piece of rubber
in the hinge of a door. YWhen the animal is af rest ihe large addnetor
mnsele is relaxed and the valves remain npen,

The caleaveons shell is formed by the seeretions of the mantle. Al-
thangh it iz added to slightly by the surface of the mantle, the main
inerease g in height and width at the edee of the mantle. These two



OF MASSACHUSETTS. 15

sectoliols differ in steneturve; the inner pearly or npeveons portion
Bewg Fovgned of thin layers, the outer of prisms, The vilves jnerease
in size as the divect consequence of the inerense in size of the soll parts.

The <hell i well adaptad fo the life of the seallop.  Belng light in
wadeht it is suitable for movement tirangh the water, while the yotnded
ontling is the form which offers the least vesistanee for swimming.  ['he
wpposite videes and oivows 1 Gehtly togetliey when the valyes elose.
Thus, witen the animal moves; siveams of waler are forced by the aid
of the manfle theoneh the smoll openings below the *ears” or from
the veutral edze of the shell,

The Mantle. — The shell of fhe scallop is lined with a thin ciliated
ovann enlled the wantle (Fig, 78, m), The thickened margins of the
twa tipitle lobes are free ventrally but are united dorsally and lo a
slight extent on the anterior and posterior ends in the vegion of {he
Years"  In a seallop of 52 millimeters the mantle Tobes are united
posteriorly for 13 millimeters and antertovly for G millimeters.  This
vorresponids mouelily 1o the width of the “enrs” of the shell, 12 milli-
meters and 6 millimeters rvespectively. The shorler nnion anteriorly
permits the extrusion of the foot. The free edze of the mantle. ofien
Lrdehtly pigmented, possesses fentacles (1) or tactile ovgans, and head-
like eyes of a bright blue eolor. These sensory argans are not so
nunetons o =0 large near the byssal noteh and the corresponding
posterior edee.  Each labe of the mantle is attached to the inver surface
of 1he valve ahont one-holf ineh from (he free edee. The broad face
af ench lobe vests on the inner snrface of the shell except when the
ammal i= disturbed aud the mantle withdeawn by the retractar museles,
While vesting. the mantle lobes ave held slightly apart, the guard tenta-
cles forming o Inltice work between the perpendienlar flaps of the
mantle throneh which the water passes, As previeusly stated, the
mantle nlso fauetions n the formation of the shell.

Tentorles. — The sense ovgans of the mantle are of two kinds, tenfa-
eles aud eyes, There are nmmerons tentacles near the free adwe of (he
muutle; which vary greatly in size and formation. These tentacles ean
be divided folo two elassos, (1) the mantle tentacles, which are situnted
on the external edee of the lobe in several rows, and (2) the zoard
fentaeles. sitanted on the glee oF the perpendiculiar fInp of the mantle,
3 to 6 millimeters from the edge, ach elass differs in form and fune-
tion: the mantle tentacles are larger, capable of greater extension and
eontraction, and srmed with papillary projections, while the eaard
tentacles ure smuller, less extonsible aud of a bright colar, The tentacles
have 5 sonsory or tacfile function, snd when) the seallop lies nndis-
tirbed. tlie mantle lentaeles, lengthening onl, wave slowly i the eqrrents
of water. They ean be withdrawn immediately at (he pnssing of n
hiandow or at any shighit distnrbanee in the waler. When oontrneted
encll forms a slieht conieal projestion,

Eyes. — Sitanted hetween the band of tentaeles and the onter edge
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of the mantle are many well-developed eyes, brilliantly hued with
IMue aud brown pigment, which belp to make the seallop attractive to
summer ecolonists.  When sectioned, these eyes are found to be spe-
cialized organs compmrable to the eyes in the higler animals, They
vary 1n size aud pnmber, the lavger ones nsually ceenpying the grooves
of the shell, although in the adull definile arrangement appears to be
lacking. To what degree the eyes veaet to lizht and to external stimuli
is problematic. and offers a field for roseavch. They appear to be
keenly sensitive to any change in Hght and shade, possibly observing
the appronch of an enemy by ils shadow or movement in the water.

Muscles. — Unlike the soft elam (Mya) and the quahang (Venus),
whicli iave tweo adductor museles for elosing the shell. the =callopy has
only a single adductor musele (the so-ealled eve in the fisherman’s
veviaeular), which is situated posterior (o the center of the shell, form-
ing a conspicuons pavt of the inteynal anatomy. The musele is made up
of two parts, a large anterior section and a small posterior division, As
iz shown in the development of the yonng seallop, this minscle is the
postericr, the anterior adduetor disappearing during the carly shell
stage, The muscle is the edible part of the scallop, and its shape is
maintained when served on the table as * fried seallops” When the
muscle is ent the valves immediately gape open, being forced apart by
the Vshaped eartilaginous elastie pad in the middle of the hinge, The
other important muscles are the retractor musecles of the foot, the gills
and the mantle,

(ills, — There ave four gills (Fig. 74, g} in the seallop, a pair on
each side of the gewerntive mass and ventral {o the adductor muscle:
Each pair has a free end posteriorly and extends in a eurved line
nearly around the posterior adductor mnsele. The gills are attached
dorsally near the addueior, the inner and outer gills having a common
membrane. Faeh gill is made up of two lamell® of radiating filaments.
Fine markings eross the filaments sl rvight angles, thus giving each
Inmelln a delicate lace-like appearance,

When a few grains of earmine powder are sprinkled on the gills the
small grains pass to the base of the gills and then move toward the
anterior end in a definite channel. This movement is dne to the eilia
hetween the filaments, which eanse the grains to pase toward the month,
The wark of the gills is not only to strain out the food but o aid in
respivation. The impnre blood flows into the eapillary spaces of the
zills, where the delicate membranes arve hatlied by the inflowtng water.
ond, having aequired a new sapply of oxygen. passes back to the heart.
The area is inereased by the folding of the lamella, If stimulated, the
cills coutract immediately, showing that they possess a nervous mech-
Hism.

Palps. — Just dorsal to the gills on the borders of the mouth are
two pairs of delieate filaments similar in struetnre to the gills. These
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organs are (be labwml palps (1p). which corréspond (o the lips of
higher animals amd funetion in eondneling the food 1o the month. The
centenl portion of these lips, which extend Interally for a distanee equal
to the thickness o) the animal near the umbo, Las arbor-vite-like proe-
esses, voncealing the mouth. The flaps which extend on each sile of
the branching aren ave united Lo the bedy dorsally and posteviorly,
leaving the other olees free, The exterior smface is smooth, while ihe
internal suweface is covered with ciliated ridges and forrows which aid
in conducting the food from the gills (o the montl.

Digestive System. — The digestive sysiem of the seallop is eompara-
tively gimple.  The mouth opens into a ghort wsophagus or gullet, whiek
leads into a gourd-shaped stomach (g), Un the posterior end of the
stomueh is a eurious hard soelet into which fits the tip of a translueent
gelatinons rod, the crystalline siyle. This red extends along the in-
testine in o sort of pockel or groove as far as lhe lower part of the
visceral mass (Fig. 75, vin). The stomach is enveloped by a dark-hrown
mags, connected with it by two short eanals, one on each side, This
large conspicuous organ is the digestive gland or *liver ¥ (1), and *is
only hounded in the veeion of the stomaeh by the sexual gland on its
ventral surface.'" Welloge (6). The liver (1) sends seeretions into the
stomaeh to aid digestion. The food is eaught up as soon as it leaves the
stomnels by the cilin of the intestive (i), which forms a denble loop in
the viseeral mass (Fig: 70, »m). Tt then passes in a dorsal divesiion
through the liver, emrving posteriorly to pass thvongh the heart, and
finally ends posterior to the ventral portion of the adductor muscle,

Circulatory Systom.— The seallop has a blood system passing over
the whole body and through the gill filaments, where the bload is
acrated. The heart (It), n three-chambered organ, 15 situated in a
perieardial eavity dorsal to the adduetor mmsele. The intestine passes
through the pericardinm and is surrounded by the ventricle of the
Leayt, The aurvicles are two filmy badies conncetod with the ventriele,
From the heart arise the different arteries which conduct the blood to
all parts of the body, whenee it is veturoed througl the venons syslem
to the sinus venosns, from there to the gills, and finally back to the
heart.

Nervous System.— The nervous system of the seallop is complicaled,
and the animal 1s Inghly sensitive in all parts, especially in the region of
the mantle, through the eiveumnference of whieh passes a large nerve
counecling with the tentacles and eyes, Several ganglia lie in tlie region
of the mouth, foot and visceral mass. From these, numerous nerves
pass Lo the various parts of the body,

Ereretory System. — The kidoeys are a pair of yollow-colored orgnns
in the form of saes, encireling the anterior part.of the adductor muscle,
These glandular organs open into the mantle chinmber ahove the gills;
wheve they arve joiuned by (lie openings of the reproduelive orpans,
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Foat.— The foot (£) of the adult seallop is a smull musenlar organ
exteniling from (he upper part of the visceral mass dorsally for about
a quarter of an dneh. Ti is nearly eylindrical, with a deep groove on one
side aud a hollow, sucker-like dise on its distal end (Fig. 42). It has a
slight twist whieh places the eleft portion in justapesibion to the right
valve, instead of on the ventral border. This is of use to the young in
erawling, as the sueker can be put down evenly on the surface without
a twist of the foot to hinder the refraetion. Jackson (4). The fune-
tion of ernwling is ouly for the young, and the adult has either lost the
power of locomotion thirongh degeneration or at least does not make
nse:of it. A byssal gland (bg) is on the proximal end of the foot, and
seeretes Lhe bundle of threads by which the mollusk anchors itsell to
various objects; as deseribed under * Attachment " in chapter 1V,

The Reproductive Organs. — The generative organs eomprise a large
share of the soft parts of the seallop, and lie, surrounding the folds of
the intestine, in the lower portion of the visceral mass. The surface of
this mass, which terminates bluntly some distance below the large
adductor mmscle, is nsnally covered with a black zlossy pigment, which
i3 especinlly noticeable previous o and durving the spawning season,
when it completely hides the hright color of the ege sae, Both the male
and the femnle organs are found in the sawe seallop, whereas in P
ténuicostatus, the sianl scallop Of the Maine coast, the sexes are sepa-
rate. Drew (1),

The festis (Fig. 79, 1) or male gland is a eveam-eolored organ lying
Jjust veutral 1o the liver and fool and extending down the side of an
orange-colored sae. This sae is the ovary (ov) or female gland, which
during the spawning season takes on a bright orange color, presumahly
due to the number and ripeness of the eggs. In size it is somewhat
larger than the teslis, and les ventral and slightly poesterior to that
organ.  During thie early part of the spawnming season, when full of
eges and spermatozon, these glands are well rounded and brilliantly
hued: bat after the completion of spawning they become small and
lizhter eolored. In the ovary of the seallop previous to spawning are
many millions of little eggs in various stages of maturity, These eogs,
held in large follicles, ave packed firmly in place, giving to the genera-
tive mass a smooth, plump appearance, Dr, James [, Kellogg has
kindly permitted the use of an illnstration from his work on the * Mor-
phology of Lamellibranchiate Mollusks, 1800," which shows a section of
the generative organs of Peeten irradians, and supplements it with the
following excellent deseription: —

Tig. 67 represents a section passing vertieally through the outer wall of
the viscoral mass, where the testis and ovary are elosely apposed. The
body wall is represented at e¢p and consists of a single layer of columnar,
cilinted, epithelinl colls, whose puelei are about equally distant from their
outer ends and the thick basement membrane (bm), In this epithelinm are




OF MASSACHUSETTS. 19

wany eouspievans gland eells (gle), Petwoon it and the follicles of the
gonerative gland s a thiek layer of doyneetive Lissoe, extonding in betweon
the follieles, The follicls of the ovary (ov) Are uot so regulur in ontline
when seonl I seetion a8 those of Lhe testis (). The walls of the latier
hear a follicalar epitholivay (fep). Tn the ovary, the cells of this layer are
in all stages of dovelopment into eggs. The eges themselves, erowding
fhe folllelos, pessvss a very thick wembrate and their protoplasm i9 finely
granular. A duet from the fallieles 35 seew at .

The mother colls of the spermatozoa (fop) aro eircular and of constant
siza in the follicles of the testis (L), As we follow tho mass of eolls inward
from these mother eclls thoy become very gradually smaller und swmaller,
untfl their final divisions résult in the spermatozoa, They are so arranged
that thoir *tails,” iu forming, projeet in extended nasses toward the lnmen
of the follicle and give it a radiating appearance. T have not bheen able
to determing how many times o mother ¢ell divides in forming spermatozoa,
for the eolls arc all rounded and give no evidenee of (heir divisions, as
they do in the testes of many apimals. A duet of the testis containing
spermatozon s shown at 4. The duets of both testis and ovary are com-
posed of slightly colnmnar, eiliated cells. In the wall of the duet of the
testis is shown a single deeply stained cell, which is evidently a gland cell.

CITAPTER T11.—EARLY LIFE HISTORY.

The Ripening of the Reproductive Organs.— In the early spring the
sex produets of the seallop begin to ripen, as the eggos and spermatozoa
matnre preparatory to the smnmer spawning. The final ripening takes
place during the month of May, when the water has reached a tempera-
ture ranging from 45° to 50° F., and the seallop is prepaved * to shoot
its spawn ™ iu the flst part of June. During tlie month of May the
generative organs take on a plump appearanee; the eggs grow larger;
the spermalozoa beecome aclive; and the ovary passes from an indis-
eernible pink to a deep orange eoloy. This change in eolor furnishes
a general index for recording, by the aid of eolor charis, the spawning
period of the seallop.

The Eqg.— The egg or female cell (Fig. 1) is a small spherical body
surrounded by a thin membrane inclosing a protoplasmie fluid. Lying
in the protoplasm are numerons yolk granules which give to the ez an
opaque appearance. These granules form the nutritive part of the egz.
The shape of the mature ege when extrnded appears sphevieal, but,
when measnred, one axis will he found slightly longer than the other.
If the eggs are ent from the ovary they have a varviety of shapes, due
to the manper in which they were compressed within that organ (¥
3). The seallop egg resembles that of the clam and oysler in size, the
average diameler being abont Yo of an ineh. In the vvary the egss,
when mature, have an orange eolor, and when diseharged * en masse "
still vetain thal eclor; bnt when separated appear to the naked eve as
minnte white speeks, The color intensity of the mass seems Lo be due (o
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the arrangement of the yolk granules within the egg. A light eolor ap-
pears fo be consed by large vaenvles or elear spaces among the yollk
grantles, as nre often found in distorted and immature ecgs, Evidently
the number, size and arrsngement of these vacnoles in respeet to the
granules determine the color of the mass, and thus indiente the maturity
or immaturity of the eges. Orange-colored ovaries when placed in 75
per eent. aleahol in a short time béemne white, the orange color being
extraeted by the finid.

The Spermatozion.— The spermatozion or male cell (g 2) is
extremely minule, heing only an exceedingly small fraclion of the size
of the egg. It counsists fundamentally of two parts, an ellintieal head
and a slender whip-like tail, which is nsed as an organ of locomation
in secling the egg.  The size of the hend is 1500 by Y500 of o millimeter
(14500 by Yazoo of an ineh), with a tail abont 1% of a millimeter
(Yoo of an ineh) in length, The minnte anatomy was not sindied.

Spawning. — The term *spawning "' refors to the discharge of the
eces from the female or the spermatozoa from the male, With most of
the lamellibranchiate mollusks, the ¢lass to whicli the scallop belongs,
it is the nct of throwing off the sex produets, which meet in the water for
the purpose of fertilization. Peclen irradians, as i often the case with
highly specialized mollusks, is hermaphroditie, i, both sex elements are
found in the same individpal. Spowning in this instmice is the dis-
charge of either eggs or spermatozoa from the same animal, usually
at different times,

In the Peetinide the opeming from both ovary and testis lead into a
ecommon duet with a single orifice, which opens into the kidney eom-
paratively near its external aperture. Pelseneer (). The sexual
produets, as they are extruded, pass through a part of the kidneys just
dorsal to the large adductor mnsele into the mantle ehamber, where
they are discharged into the water. The discharge takes place through
the pseudo-siphion, formed by the mantle when closed, at the right or
posterior edge of the shell, as the animal lies in a natural position.
The spown is usually east fortly as a fine spray by a quick snap of the
valves and is rapidly diffused through the water, though sometimes the
valves remain gniet, the spawn then passing out in a steady stream.
As the mantle fringe is slightly opened to allow the spawn to roll gently
out, this latter method can be compared to the exhaling of tobacen smoke
from the human lips, If eges are given off they either appear m pink
masses or are just visible to the naked eye as fine white specks, malking
it possible for the observer io readily distinguish them from the sperma-
tozon, which give to the water a guivering, milky appearance. The
amount of egzs extruded al ope fime varies econsiderably, but generally
numbers high in the thonsands and even milliens.

The following oliservations npan the spawning of individual seallaps
were made at Monomoy Point, The seallops were eonfined, as described
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in ehapter VIL, in small agnaria doving 1he period of observation, and
wore veplaced in their native oloment hetween fimes.  Possible ervor
arizes from the unnatural conditions, wiieh anay repder the spawniog
abnormal.  Unforinnately no satisfactory method of eliminating this
error conld be devised, These observations, liowever, have been or-
tially confirmed in ollier ways,

(1) When the scallop spaicns, which sex ooll is liberated first?

Observations on 38 seallops showed that 1 produced sperinalozon,
17 ewgs, and 2 a mixture of bothat the fvst dischnege. In genoral, the
seallop eontinnes shooting for a nmuber of discharges the kind of sex
cell witl whicle it starls, and althongh seallops ave bermaplivoditie, only
n sinele kind is usoally given off al any one time, the length of the
period varying frow a few minnies tu five or sis hons. It ean be safely
coneluded that it 35 puuely o matter of chance which sex eell 35 given
off, and that the tendency toward one kind may be n precantion against
solf-fertilizntion.

(2) Hoe Tong are the intervals belween diseharges?

The intervals bolween discharges vary from ode-half a mimute to
forty-five minutes, or eyven days. After n sevies of rapid discharges the
resting period appears 1o be longer, One seallop was observed to give
as many as five snecessive discharges, while fwo are of frequent ocenr-
renee.  Other specimens have been observed to shoot spawn at intervals
of two or three minntes for over five honrs. The scallop possibly ean
adapt itself to existing couditions and spawn only at favorable times.
II the germ cells ave sel free at intervening periods over a long space of
time there 1s n greater ehauce of surviving.

(3) Do scallops throw all their spawn i one day?

Numbered seallops were placed in separate aquavia for peviods of
two hours for several days, a record being kept of {lie spawning of
ench individual,  Afler each test the animals werve snspended i wire
baskels from a raft at a depth of 10 feet in water, which was considar-
ably cooler than the sun-warmed wafer in the aquaria, probably pre-
venting furtlier shooting of spawn.  Although only 23 per cent, (hrew
spawn we ean infer that seallops shoot their sex produets little by little,
as the same individnals weve found to give Porth spawn after an interval
of sevoral days. This fael indieates that the spawning season for ore
scallop probably exteinds over:a period of days and even weeks. Iiec-
ords with color charts, upon seallops of anolher set, likewise show
that spawning is graduoal,

{4) Do scallops spawi at any particvlar time of day?

Beallops have been observed to spawn as eavly as 8.15 aar (July 13,
107) and as late as 4.30 par. (July 12, 1900), and al vavious times
hetween these honrs. Althongh sunlight is more favorable, the seallop
will spawn on eloudy days and probably at night, as the time of spawn-
ing is largely determined by lbe temperature.
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"(5) What temperature is most fovaralile for spawning?

In confinement scallops have been observed to throw spawn at all
temperatures from 68° to 84° FE., although above 76° F. was most
favorable. Great variation is found, as every scallop is a distinet
individual and the eggs vary in degree of mafurity. One seallop gave
off its sex elements &l a femperature of 68° F. in fifteen minutes after
being placed in the aguarium, while ai 78° F. one spawned in three
minutes and others took hours. Under natural conditions the spawning
season beging when the water reaches G125°F. As a rule high tempera-
tures are most condncive for spawning.

(6) At what age does a scallop first spawn?

The extreme rapidity of growil makes it possible for the seallop to
spawn when exactly one year old: With the clam, spawning oecasionally
ocenrs at the age of one year, with the qualiang only in very exceptional
eases, but will the seallop the most important reproductive period, and
the only one of practical value, comes at this early age. This faet is
explained by the short life of (he seallop, from wenty to lwenly-six
months, as compared with the many years of the clam and quahang.

(7) Is there n second spawning season?

For the majority of seallops there is only one spawning season. Na-
ture has so regulafed that less than 25 per cent. attain a lengih of life
of two vears. In the few seallops which pass the two-year mark, eggs
and spermatozoa apparently develop normally, and if the animal lives
throngl the season it produces offspring Cfor the second time in its life.
These two-venr-old seallops are larger, and the ovaries and testes are of
correspondingly greater size. Two-year-old scallops are oceasionally
found in small beds, but large numbers are by o means of common
ocenrrence. In the proiected waters of lhe Powder Hole two-year-old
specimens were frequently found. Daring the summer of 1000 a com-
paratively large number of the ser of 1007 were found. This sel was
peeulinr for its slow growth and small size, the two-year-old animals
being about the size of normal one-yvenr-old seallops. The spawning
of this set was perfectly normal during the second season, and the sex
products conld in no way be distinguished from those of wvearlings.
Although it is possible for seallops Lo spawn a second time, provided
they pass the two-year limit, their eeonomic imporlanee is slight, owing
to the small per cent, which survive so long. The first spawning season
must, therefore, be considered the only practical one in legislation for
the welfare of the scallop fishery.

This fact proves that all seallops under one year old must he pro-
fected, as these furnish practically ail the spawn for the following
year, Only scallops nnder this age need protection. If the seallop
under this age is amply protected, the law has done all in its power to
insure the future of thig profitable industry, It does no harm to eapture
seallops over one year old; in fact, it would result in economie loss if
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they were not token, as uwearly all die from natwral canses before o
second seasot,

The Spawming Season, — In Massachuseits walers, owing 1o the
diversity of eonditions as regards loeality, environment and seasonal
changes, it is diflienlt to define the spawning season exuetly and only
general linnts ean be mven when the entire torrilory 1s cousidered. As
a ride, lemperalure seems (o be the eontrolling factor, as is demon-
strated by Uhe vaviation of the season according to loeality and years,
e eulive period ronghly eovers fwo months, averaging fvom the middle
of June to the middle of Auvgust (Fig. 83). The height of the spawning
ocenrs during the fivst weeks in July, and although the season (lrags on
for aomonth longer, the greater part of the mature eges have been lilier-
ated. Different loealities, with the same general limits, often vary in
having the height of the spawning at different times. While the spawu-
ing of the seallop as a elass extends for two months, the doration of the
seasant For the individual runs anywhere from ene day to several weeks.

{a) Spawning Season at Monomay Point, — During the summers of
1006 and 1907 the spawning season of the scallop was followed in the
waters of 1the Powder Hole al Monomoy Point. and supplementary
observations were made during 1908 and 1909, During the first two
vears conditions in this Jovality were practically the spme, thus eliminat-
ing nearly all varation faetors except sessonal change. It is, there-
fore, fair to assume that the following variations are mostly due to
the difference in the temiporature of the two years.

In eomparing the two yems 1906 and 19067 the following points wall
be considered: (1) date of first spawning; (2) length of lime spawn
conld lie obtained for suceessful nrtifieial fertilization; (3) date of
appearatice of the set on raft spat eolleetors.

(1) Careful observations were made in regard to the beginning of
the spawning season, and the start was accuralely defermined for {liis
loeality, In 1906 seallops first extruded eggs nnd spermatozoa on
June 12, and in 1807 on June 21, a variation of nine days. The average
temperature of the water on June 12; 1906, was 61.5% T, on Jnoe 21,
1807, 61.5°% F. June 4, 190G, was equivalent to June 18, 1907, in
regard to tie teperature, which reached 60° for the first lime on {hese
dates, showing that the seasonal variation in temperatore was about
fwo weels. In both eases tliere had been a previous rige in temperatire,
By June 20 this difference lind vanished and the daily temperatures for
the two yvears were approximately the same (Fig. 81).

(2) For sueceessful artifieial fertilization spawn eould be obtained
for both yenrs os late as July 20. Mature ezgs and active spermatozoa
were found in the vepredactive organs later; but the seallops did not
give forth spawn rendily after this date.  The recovds made with ‘the
color ehinrt show (hat the spawning season 1s nat complete hefore the

middle of Angust.
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(3) Very little variation was found in the sets of 19006 and 1807
on the rafi spat collectors, bhut the 1908 and 1009 sets were slightly
earlier, though fewer in number, The temperature of the water at the
time of cet wos about 70 I, 1n 1006 (he set began July 20 and reached
its height August 45 in 1907, July 24 and Awgust 20 o 1908, July 18
and July 26; in 1009, July 22 and July 29, respeetively.

In the above eases. more especially the flrst, temperature seems to he
the controlling faetor. The warmih of lhe water determines an early
or late spawning season, as is shown by the difference in the start of the
sengons of 1006 and 1907, the latter being nine days behind the former.
In each ease spawning did vet stavl nntil the water had assumed a tem-
perature of 61.5° and had been over 60° for a few days. Spawning
doos not lake place until the temperature of the waler is snfficiently high
to ennble the young larvee to live. Thus, in comparing the two years
we find that {he varistion in the spawning eompares in every detail
with tlie variations in temperature, and, when other factors arve elini-
nated, depends divectly mpon it. The average sommer temperature
controls (he length and completeness of the spawning season, as is
directly mnnifested by the time and amount of set.

(b) Conditions influencing the Spawwing Season.— Iu any given
aven the spawning depends on the latitude and on the elimate, fempera-
ture again being an important factor, 1In Rhode Istand, in the warmer
waters of Navraganset! Bay, the season lasts from June 1 to July 1,
reacling its height about June 15, Risser (2), as compared with
June 15 to Augnst 15 in Massachnsetts waters, Naturally the farther
soutll the earlier the season, as thie warmer waters hasten the spawning.

While the temperature is the main factor in determining the spawn-
ing, if is' by no means the only one. The natural eonditions of any local-
ity, snch as its suitability for growth, for food. depth of water, kind of
bottom, enemies, exposure, and other factors which male np the environ-
ment of the scallop, play their part in determining the spawning
season, Seallops in shallow water spawn slightly earlier than thoss in
the deep, probably due to difference in temperature, while those under
favorable erowing conditions probably spawn in advance of seallops
less favorably situated.

(e) Length of Season in Massachusetts Waters.— The different local-
ities present considerable variation not only within their bhorders but
with each other. The fonr seetions of the sealloping territory given in
chapter VI, are useful for a comparison of the spawning season, owing
to their divergent conditions. The work of determining the spawning
season. as deseribed in ehapter VIL, was condueted during 1905 and
1906 by (a) general abservalions of the ovary: (b) eolor chart records;
(¢) appearance of set.

(1) On the north side of Cape Cod condifions are not favorable for
zeallops and there is bt a small industry. In Cape Cod Bay the water
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is eolder thauy south of the Cape, and the spawning would natnrally be
somewlmt Inter.  In the harbors, such as Wellfleet Doy, the reverse is
true, ad the Deosd exposurd of flats, heated by the sun, glves a groater
warmil io the wuter. In these enses many seallops are loft in Tittle
tide ponls, where they hask in the sun and shool spawn in these swall
paturnl nguavin, The eges Lave thus a einiee to develop in guisinde
until the nevwing of the tide; when the little embryos join company
with the young from the other pools and begin the keen competition of
lifi:  The spawping season lasts from Juve 25 to August 15.

(2) On the south side of Cape Cod is found a greal vaviely of lerri-
tory and conditions, which nearly approximale those of Monomoy
Point. The limiis of the season in this locality arve from June 15 to
Angnst 15,

(3} The conditions at Nantuekel and Edegarlown elosely approximate
those on the south side of Cape Cod, and exeopt Tor loeal varintions the
spawnilg season is the same.

{(4) In the warmer watevs of Duzzard’s Bay spawning is somewlnt
earlier, the sel nsunlly being about two weeks in advance of Monomaoy.
The himils of the season seareely diffar from Lhe sonth side of Cape Cod
and the Islunds; bul the main part of the-spawning takes place earlier.
The season lasts from June 1 to Angust 1. The Buzzard's Bay seallop
is largoer in size than the seallop in the other loealities, owing to earlier
spawning and rapid growth.

Feeundation.— Feenndation is the union of the femanle eell (egzgz)
with the male eell (spermatozotin), which results in the formation of a
new individual that partakes of the nature of both parents. Sinee the
eggs of the seallop are fertilized externally, in the watey, it is com-
paratively casy lo wateh the act of fertilization and the subsequent
development of the embryos. In the water a transpareni substance
envelops Lhe ege, which holds the spermatozoa a short distanee from
the cell proper (Fiz 6G). The only veason for believing that such a
substanee is present is the faet that preserved eges still refain fhe
eirele of spevmatozon. The attraction of the male cell to the egg is
believed by scientists to be of chemical origin. Although the erg is
thiekly surrounded with spermalozoa, ouly one is needed for fertiliza-
tion, and after its entrance the rest are held outside by the formation
of n membrone through which they eannot penetrate. Oeceasionally
more than one spermatozoon enters the egg, butl in this ense the ezg
possibly fails to attain eomplofe development.

(a) Natural Fecundation. — Judging from the enormons number of
pres amd spermatozea annually liberated by a single adult seallop,
nature seems prodigal with her bountfies; but on seeond thought it
appears Lthat on equilibrium has been established and that au abundanee
of spawn is needed to compensate for the destruetive ageneies whieh
beset the scallop. It seems strange, perhaps, thal (he spermatozoa
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should outnumber the eggs 1,600 to 1, as it only requires one sperma=
tozoiin to fertilize one egz. Put as the small male cell has the adtive
part of finding the egg. this aeain is a wise provision of nature, wherehy
this proportion vastly ineresses the elianees of natural feenndation.

I# only 1 seallop arvives at matority from 3,000,000 eges, it is sufli-
cient, under normal conditions, lo perpelnate the species. Naturally
there is a vast destvuetion of ezzs and young scallops, an ‘important
part of which is due to the loss of ezes throungh non-fecundation, 1.e.,
the eros and spermatozon not meeting in the water, There are a great
many ehanees in natnre against fertilization of the egg, Scallops may
be some disianee apart and the spermatozon must travel far before
they ean meel the ecx. Water enrrents, winds and other weather con-
ditions may prevent this union. Fertilization 18 partly by chance, as
the male eell ean only be altracted to the ege from a short distanee,
Thus, if it were not for the abondant supply of sex produets the race
of seallops wouldl soon he exterminated.

In artificial fertilization n laree number of the exos ave not fertilized,
and, failing to develop, soon decompose. and pollute the water, thus
eausing the death of the more advanced larvae. This shows that per-
haps all the egms =iven forth of one time from the seallop are not
veady for fertilization and eannot develop, and il may e supposed
that, nnder natural esnditions, an ndeterminable per cent, of the ex-
trnded eses are incapable of developmment.

(B) Self-fecundation. — Peeten frvadians is hermapliroditie, f.e., both
sex elements are found in the same individual., Pelsencer (9) asserts
that : * In heymophrodite mollusks the spermotozoa ripen before the ova;
the hevmaphroditism is therefore protandrie. The hermaphroditism
also i= not self-sufficient, and the ova of one individual must normally
be fertilized by Lhe spermatozin of another individual” Pecten ir-
radians is an exception to this in that both the eggs and spermatozoa
mature al the same time, and that self-fevtilization frequently ocenrs
althongh if is not the common method of reproduetion,

In pature it is not usual for seallops to produce both male and female
eells at (he identieal moment, and self-ferlilization is therefore not
as common an ocemTence as when scallops are cenfined in aquaria.
Seallops offen shool eges and spermalozoa within as sliort an interyal
as 15 to 30 minutes apart. In numerous eases self-ferlilization has
been observed during the spawning experiments. The spermatoroa
and eggs of the same seallop have heen artifieially mixed, and the early
embryological stages followed. Whether these self-fertilized eoms
would develop into mature seallops was not defermined, as the devel-
opment was only followed as far as the trochosphere larva, up to
which period it was normal. Drew (1) and Risser (2) also have made
observations on the self-fertilizing powers of the individnal Peeten irra-
dians.

Fertilization of the Eggs of Two-year-old Scallops.— In apite of
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the fuel that the sceond spawning of the seallop oeeurs during its old
age, and that the majority of this species do not reach a second senson,
the ezgs ol two-year-old geallops may be fertilized aud pass througli the
portnpl cleavage stages.  Althongh there were some indications that
the subsequent development under artificinl conditions is not as satis-
Lactory as that of the younger seallops, there is wo proof that their
development nnder natural conditions is anything but normal, or that
they cannol produce lharvdy offspring, Nalurally, as tle two-year-okl
seallops are few m number their offspring are not nomerous. Under
artificial conditions as compared with the younger seallops they do
nol spemn fo produce spawn so readily and fewer larvie i proportion
are yaised to the emrly swimming stage. These observations eannot
be considered as eonelusive, as the speeial Powder lole set of 1907,
alveady reforred to, during 1908 furmshed as healthy spawn as the
1905 set.

EssryoNic DEVELOPMENT,

The enxly life of Pecten irradians can be separated mybitravily into
two main divisions, (1) the embryome or sub-veliger life, which com-
prises the development of the animal until it acquires a shell; and (2)
the post-embryonie life of (he young seallop before it attains adult
charnetemsties.

The post-embryonic life is furthey subdivided into the (a) early
véliger stage, when the animal is a fiee swimming lavva with o siraight
hinge line (Fig. 17); (b) late weliger or prodissoconch stage, distin-
guished by the curved hinge and development of gills and foot
[ Fig. 18) 4 () the dissoeonch stage, where notalle changes ocenr as a
result of the “setting,’” that is, adjustment by spun byssus threads;
(d) plicated stage, where the ridges and the Furrows eharacteristie of
the adalt shell appear.

The embryonic development of Peeten irradians i8 in many respects
20 similar to that of its laree volative, Peaten temicostatus Mighels, the
ginnt seallop, so ably deseribed by Dr. Gilman A, Drew (1) that it is
diffienll to present a complete aceonnt withont a vepetition of mauy
mteresting faets. For this veason speeinl emphasis has been plaeed on
the points of differcnce between the twa speeies, and only genérnl con-
sideration given those of common interest. In reporting upon (his
phase of the life history of Peeten irradians, it is perbaps worthy of
mention that the resulls here e¢mbodied, tmperfect as iliey are, haye
been obtained from lmndreds of seallops under different eonditions and
from four years of sueeessive observations.

The BDevalopment of the Egg.
The development of the exg afler fertilization is by the nsual procéss
of eell division, whereby tlie single ovam is transformed into a living
mnss of tiny cells. Like most lamellibranchs, in which fertilization
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takes place externally to the parvent, the seallop develops by the narmal
process of unequal cell division, and ils suhsequent growth as far as
the pradissoconch stage is similar in nearly every respeel fo the devel-
opment of the clmw, oyster and quahang.

The Polar Cells (Figs. 4, 5),— The first noticenble chanee in the
external appeavance of the erg ocenrs about thirty-three minutes after
it is laid. At one part of the eze. which from this time forth becomes
the so-ealled animal pole or region of the preatest activity, appears n
small transineent clobnle, 140 Lhe diameter of the ege. This is known
ss the first polar eell, and is =onn followed by a second body of similar
nature, wlieh poshes ont behind the fivst in sueh a0 manner as {o
separate 1t from the egz. Both adhere to the eeg by protoplasmie
strands, such as dezeribed by Dhew (1), With Venus mercenaria (the
guahaue or lard=shell clam) the polar eells forin beneath a thin mem.
hrane, and arve held fo the erg by strands from this source. Suell a
covering is not well ‘marked in the seallop ego, whieh appears naked,
and the protoplasmie strands may possibly have a different origin.
The polar cells contain no yolk grannles, as is shown by their trans-
parvent appearance. They remnin with the egg throngh all the varied
stages of cell division, nnd eay be seen still adbering to the first eiliated
larve, evidently disappearing during the early swimming stoge,

The Yol Lobe.— Abhout ten minutes after the first polar cell is
Formed, the opposite side of the ezg, now known as the veretative pole,
elongates, giving to the egg a pear-shaped appearmnce. The constrie-
tion at the smnll end is the so-called volle lobe (Fig. 5) which forms a
few minutes previeus to eleavage. [ecton ivradians differs somewhat
from Pecten tenuicostatus in vegard to the time of formation of the
yolls lobe. In the ease of the latter species, Drew (1) las shown that
the yolk lobe appears previons to the polar hodies, and that it becomes
prominent when the seeond polar body is formed, only to disap-
pear and agpin to become prominent when the egg cleaves into
two cells, The yolk lobe in the former was not seéen until after the
farmation of the polar cells, and not until just hefore the first eleavage
did it become markedly prominent. It forms in abont three minutes,
and is completed one minute before the flest cleavage takes place.

The First Cleavage. — Soon after the formation of the yolk lobe and
the differentintion of the erg into the animal and vegetative pales a
constriction takes place parallel to the longitudinal axis of the egg,
dividing the broad end into two nnequal cells, the smaller one-half the
size of the larger, with the polar bodies Dhetween them (Fig. 7). The
actual time consumed from the beginning to the completion of the first
eleavage varies from two lo iwelve minntes, but usually it takes ahout
three minutes to effect the change. This first division oeeurs forty-six
minntes after the egg is fertilized.

The setion of the yolk lobe during this division is somewhat peculiar.
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Previous (o the first eleavage the ez haz talken on a pesr-shaped appear-
ance, due to the formation of the yolk lobe. Dirving eleavage this lobe
in many of the eges beeamo so constrieted that the dividing ege had n
three-celled appearance. Then it geadually disappeared, it one vase in
the eonrse of seven minutes, leaving only n large and small cell.  The
form of the differcut esgs during cleavage varies greally, some dividing
with seareely the appearance of n yolle labe, others with prominent eon-
strietions.

The vext eleavage (Fig. 8) divides the egg into four cells in a vertienl
direction, and pisses thronzh {lie animal pole nearly at right angles to
the first eleavage plane, and a little to one side of the center, This
division forms three small eells and one lavge, the latter holding the
putritive or yolle part of the eee, originally eontained in the region of
the yolk lohe. The second eleavage ovenrs from fifty-five to eighty-one
winntes after fevtilization, the average time being sixty-seven minntes.

The third division (g, 9) is in a hovizontal plane, dividing the four
eells into aight. The fonr upper cells, which lie next to the polar bhodies,
are mueh smaller than the lower ones, and from {his time forth are
desigiialed as the mieromeres, while the large lower eclls are known as
the macromeres. During the process of eleavage the upper layer of vells
twists 45°, so thal they alternate with the lower ecells, furnishing an
excellent illusteation of the spiral eleavage so common in natnre. The
time of arrival at the eight-celled stage varies from fifty-eight to ome
hundved and len minutes after feclilization, the average heing about
eightv-oue,

From this time on the micromeres divide rapidly into smaller and
smaller cells, during whiel the ezy passez suecessively through sixteen,
thirty-two, sixty-four, ete., celled stages, finally forming a layer around
the maeromeres, The average fime of the sixteen-celled slage (Fig. 10)
is about one lmidred minntes after fertilization. Cell division conlinues
until the single primitive ovum has become a compact mass of small cells
surrounding four large cells, the macromeres, resulting in n lype of the
epibolie gastruln, whieh later becomes a true invagination by the further
division of the maeromeres. Tron a surface view the animal is merely
a rounded mass of cells, still bearing the two =mall polar bodies (Fig.
11.) Soon the inner layer of cells forms an infolded ecavity, the arch-
enteron or primitive digestive traet, which opens to the exterior, The
mieromeres now make np the eetodermal, the macromeres the endo-
dermal layer.

By this time the surface cells have developed cilia, and Lhe animal
acquires (he power of locomotion (IMigs, 12 and 13). 1t is impaortant
that the scallop become active at this period of its existence, as other-
wise it wonld perish. In the laboratory the majority of the eggs seitle
to the bottom of the glass dishes ontil this stage is reached. Doubtless
in natnre the egg, unlese held in floating masses or kepl in suspension
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by the currents, falls to the bottom, where it remains wntil it acquires
eilia. The majority probably perish before they reach the swimming
stage, either through not being fertilized or heeanse of seitling on un-
favorable boltom.

The swimming period iz reached from nine fo twelve Lours after
fertilization, ten beurs being the usnal time, Liftle change hag laken
place 11 the size of the animal, and the entire scallop is hardly larger
than the original ege. Developunent is rapid during (he swimming
period, not so muech in size as in change of form from the early swim-
ming gastrula fo the troehosphere larva. There arve three phases of
development in changing from Lhe early gastrula fo the advanced
trochosphere. (1) The amimal is a mere vounded mass of eells covered
witly eilin. (2) The body has elongated, the blastopore or primitive
mouth becomes more noticeable, and the cilia instead of being general
are confined to a special portion of the hody, which later proves to be
anterior end (Fig, 14). In the course of two liours affer plase 1, the
cilin on the frontal eell at the anterior end of the body elongate unfil
they attain seven-ninths the length of the body (erdinary eilia measure
oue-fifth the length of the body), and unite to form a bundle ealled the
flagellum, whicl guides the swimming embryo, Ordinarily it has the
appearance of a single last or whip, so elosely are its parts united, but
as many as six individual cilin have been counfed in this bundle; The
anterior end of the animal lias in the mean time heeome larger and
heavier, while the postertor half has elongated, giving the scallop a top-
shaped appeavance. (3) The third phase is marked by another invag-
ination on the dorsal side of the animal, divectly opposite the blastopore,
This is the primitive shell gland which seervefes the shell. Pelseneer (9)
in considering lamellibranchiate mollusks as & class says of the shell
gland: “ During its extension it gives mse to a saddle-shaped enticular
pellicle, which hecomes ealeified at two symmetrical points, right and left
of the middle line. These two centers of ealeification eventually form
the iwo valves of the shell. . .

Tlie transition from the early swimming gasirula to the advanced
trochosphere is well illustrated by the development of the swimming
powers of the voung seallop. As soon as the embryo has aequived eilia
it starts with a rolling motion, at first slowly, but later faster as it
increnses in strength, furning over and over on the boltom of the dish,
This simple method of ehanging position is by a rotation on the longi-
tadinal axis which might be eompared to the movement of a top before
it totters over. The embryo rotates in one place or huiches along in
random diveelicns. The rate of this action varies greatly, anywhere
from five to twenty turns being counted in ten seconds. The eilia soon
perform e funetions of swimming organs, and the little animals rise
through the water towards the surface, where they can gel a hetter
supply of oxygen. The first swimming movement is a componund motion
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consisting of simple yotations plus vevolntions. The previiling revo-
Intion is clockwise, bul the motion is intermilient and the direction ean
be changed at will. With the development of the flagellum, o dofiuite
direction of wotion avises, The apimal nearly always swims with the
Hagellum nutevior, although one ense hps Been obseryed where the animal
swilm in o reverse divection Yor a short distance. Possibly the flagellom
serves Lo invrease the speed, which beeomes so rapid that it is difficult
to follow the avimwal with a mievoscope of 41 magnifieation,  The mation
is now eflocted 10 a straight line by spival revolotions alang the longi-
tudinal axis of the animal, This fiual motion i5 probably the ealmina-
tion of the previons nimless rotations,

The Shetl Gland, — The formation of (he shell gland, which ocours
twelve to fourfeen howrs afler fertilization, marks a deeided ehange in
the eharacter of the voung senllop (Fig. 15). In the course of a few
honrs a thin teansparent shell grows slowly over the animal, until it
complelely envelops the soft parts, At first the shell 15 so small that it
searcely covers: the whole of the animal, which ean he seen swirnming
through the waler partly covered by the two thin valves. This shell is
formed by the seeretion from ihe shell gland, which beeomes caleified
at bwo points, forming the two valves. The hinge line at this early
stare is (Iat and straaght. At Lhe same time, with the spreading of the
shell, various changes of more or less importance; both in the anatomy
and in the habits of the young seallop, have taken place; giving rise to a
period in its development known as the veliger stage, perhaps the most
critical and important period of its existence.

The Veliger Stage.

Wlhen reared in the laboratory the embryos reached the full veliger
(shell) stage between seventeen and forty hours after fertilization,
according fo the temperature. Presumably the same fime is true in
nature, althongh the rapidity of development varies with the external
conditions. The length of the velizer stage is likewise dependent on
temperature and environment, the usual duration being about five to six
days. Doring this period numerons ehanges of more or less importance
take place, and the late veliger is an essenfially different animal from
the early form. It will be necessary, therefore, in deseribing the veliger
stage, willi all its invelved changes, to arbitravily divide it into two
plinses; the early (Fizs. 16 and 17) and the late velizcer (Fig. 18): and
in deseribing the anatomical ehanges it will be move satisfactory, nfier
a hrief survey of the essentiol features of each phase, to frace the
development of the individnal argans separafely.

The chief charaeteristics of the early veliger (Figs. 16 and 17) are:
(1) aun equivalvular shell slightly inequilateral, without definite strue-
ture, with a straight hinge line, no umbones being present; (2) a velum
or tiliated swimming organ: (3) a primitive mouth lined with ecilia,
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leading inlo a eavity in the center of the hody, the stomael, and an
abbreviated intestine with a posterior anal opening; (4) an ineonspien-
oilg mantie; (5) anterior adduetor musele alone present; (6) size .003
millimeter. The inecrease in size from the trochosphere stage is doe to
the formation (g 16} of a cavity between the body and the shell.

The late veliger is characterized hy: (1) a shell of the same structure,
marked by prominent wmbones directed posterioviy; (2) a well-devel-
oped foot which has sueceeded n degenerated velum as the swimming
organ; (3) a wore eomplex digestive traet, with palps, and a coiled
intestines () a conspienous mantle: (5) a posterior adduetor muscle,
and the appearanee of several gill bars; (6) size, .18 millimeter.

Instudying the life history of neariv every large lamellibvaneh which
begins its life external to the parent, there is a gap between the ana-
tomienl changes of the early and late veliger periods, as it is a difffeult
stage o proenre specimens for study. It is only possible in this history
of the seallop fo give the ¢hanges in the different organs by eomparing
the early and Inte veligers, as we have not been able to identify with
cortainty the intermediate forms on aceount of the large number of
specips which so closely resemble each other, as they are collested in
the plankton net at the surface,

The Shell.— The veliger shell of the Pelecypoda or lamellibranchiate
mollusks has been apily given the name prodissoconcl by Jockson (4)
ta distinguish it from the succeeding shell, the dissoconch.- With the
seallop, I have taken the liberty to apply this term, which properly
inelades all of the veliger stage. to merely the late veliyzer, at which time
it has acquired a form markedly characteristic of the seallop, Here-
after, when speaking of the prodissoconch shell; it refers only to the
form of shell typical of the late veliger, ag il remains differentiated
from the succeeding dissovonel stage. In (he éarly veliger, the shell
consists of two valves of homozeneons structure joined dorsally by a
ligament in a slightly eoneave hinge-ling,

The chonge from the flat hinge veliger (Fig, 17) to the completed
prodissoconch (Fig. 18), which marks the end of the veliger stage, is
quite pronounced. The straight hinge line kas given way 1o one of
slight enrvature, while the valves by their growth have formed promi-
nent umbones; hiding the hinge lire from lateral view. The umbones
point posteriorly, but are less prominent than in the case of the ayster,
The left valve is more convex than the right, and the right umbo is less
prominent than the left (Fig, 10), In the completed prodissoconch and
probably in the early veliger ten pairs of teeth ean be seen along the
hinge ling, five on each side of a central slit (Fig, 22). The question of
teeth has alwavs been of intevest in the classification of lamellibranchs.
These are later either ohsenred or absorbed by the growth of the shell.
The teelh of one valve fit into the depressions of the other, adding
strength to the hinge. 'The shell remains homogeneons, exoept for fine
lines of growth paralle] to the free edze. Its ealeareous composition is
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shown by efferveseence when tested with agid,  'The seallop differs from
Awnamia glabra at this slage by having 0o byssal noteh in the shiell,

T'he Velum, — The veliger devives its name from the larval swimming
argan or veliun pecaliay fo this peviod of itz life. This organ, sitnated
it the suterdor part of the sliell, eopsists of an olliptical pad, 046 milli-
moter in length, with a horder of shovt vibeativg eilia, and supporting
in its center a long (agellum, It is eapable of extension and contraction,
whershy it ean be thrust out of the shell or drawn in guiekly by means
of vetractur fibers, which are fastened to the shell nedr the posterior
part of the hinge, o as to give a direet backward pull,  Two fbers
go to the ends of the velum, the third to the center. When eontracted,
the velum folds in to the form of a hell, the vound ciliated edges enrving
toward the cenlzal part, whichh bears the flagellum. When expanded,
the velum npens like the unfolding of a flower, the cihated edees enrling
ontward., When the velin is extended oufside the shell, as the animal
swims, the whole mass shifts ventrally, leaving a elear space berween
the hinge and the body. The flagellom serves during this peviod as a
sensitory ovgan or feeler. The velum is of great nse in swimming,
and ean vapidly propel the young seallop through the water by the
lashing of its eilia in a manper similar fo the aection of oars in a
hoal,

The development of the velnm ean be traced from the eilinted region
of the envly gastruly, and the organ is a direet modifieation of the
anterior eiliafed areéa of the trochosphere layva. The frontal eilia;
with the long central flagellum, have become more contralized and
stronger, while the ciliated are has formed a musenlar pad eapable ol
extension and eoyitraction: The flagellim and cilia of the veliger stage
are identical with those of the trochosphore, the ouly cinpnze being o
modifieation of the supporting area,

While the trapsition from the velizer to the footed larva has never
been completoly observed in the seallop, it is doubtless identical with
that of the elom, which is heve deseribed. This ehange takes plaee by
the atrophy or degenervation of the velum and the simultancons develop-
menl of the foot. Several stages ean be observed doring thig transition
period: (1) the primitive veliger. with no foot or al hest a rudimentary
prajeetion posterior to the moeuth; (2) a redneed velnm and o half-
formed fooly (1) a small velam and a nearly eomplete foat; (4) no
velum nud a perfeetly developed foot.  During this period the montli
lins advaneed anteviorly and dorsally, Tollowing the disapjlearing velnm,
whiol vauishes in the vegion of the palps.

Habits.— Swinmming in the earlier veliger stage 8 wholly by the
velom, while later this organ ic assisted by the foot, The very yonng
veligor is les< active thap the older lwva, and iz psually found at
the bottam of the dish with valves widely open and velum partly pro-
truded, Iu (his ease, the movement mevely eonsisted of tuming in a
eirele, 45 the velum wis not thrust oot far esongh 1o enable he animal
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to swim rapidly in a straight course. Only when the velum ean be
completely extended does the larva attain fnll swimming powers,

When the velum is fully developed the animals beeome rapid swim-
mers, and ean be found in great numbers through the water, more
especinlly near the snrface, where they can be taken in a net of silk
bolting eloth, When placed in a glass aquarium, if left undisturbed,
they enn be séen by the naked eye as white specks as thev swim through
ihe water. I the dish is subjeet to any sndden jar, suel as a sharp
tap with o peneil, the young seallop quickly pnlls in the velum and
settles to the bottom with elosed shell, After a brief interval the ani-
mil extends the velum with a besitating jerky movement, until it is
fully expanded, and then resumes swimming. The usual divection is
with the velum abead, the eilia on the edzes lashing with a rowing
motion which propels the animal in the same manner as a boat is
propelled by a man seated in the bow. There is also a turning motion,
which whirls the larva anterio-posteriorly in either a elockwise or anti-
cloekwise direction.

The Foot.— As tle amimal passes into the late velizer stage the
swimming powers of the velum degenerate, while the foof with its
ciliated tip beeomes the anly organ of locomotion. The footed larve
awim by a kieking movement of the foot. It is natural to suppose that
there is a transitory stage where both the velum and the foot are used.
The foot, the most nseful organ of the young seallop, mnkes ifs appear-
anee i the prodissoconch stage, and for a long time serves as means
of leeomotion for the animal. It is a long, flexible przan, made up of
both longitodinal and eireular museles, and entirely covered with fine
eilis. On its tip or distal end are long eilin, comparable to the little
taft or eluster posterior to the month in the early veliver. The long
eilia ave at first useful in swimming: but as the animal becomes larger
they become relatively less important. The tip of the fool is slightly
eleft, as i chown for an older seallop (Fig. 27). On both sides of the
foot in a median position are two vestibnles, with several small srannles
rotating inside, These are the otoeysts or organs of equilibrium. On
the dorsal side of the foot, one-thivd the distance from the proximal
end, is a prominence with a eleft opening, the byssal gland, the funetion
of whicl has not enlminated at this stage, The foot is capable of great
extension hy the contraetion of the cirenlar museles, and is drawn in
by the eontraction of the longitudinal to lie in its normal enrved posi-
tion within the shell (Fig. 15).

The Adductor Muscles.— The priwitive veliger has but a single ad-
duetor mmsele, the anterior. Tn the dissoconch siaze, the posteriov
adduetor is the only one present, the anterior having disappeared, As
is stated by both Jackson (4) and Drew (1), there must be an inter-
mediate stage where both are present. I have obtained no aetual proof
of this, but in all probahility a dimyarian stage, f.e, baving two mus-
oles, must have been reaehed in the course of development,
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Tho @ills.— The carly velizer has po wills. They fiest hegin to
develsp. cotnmdently with the formation of the foot as simple hars or
vilinted filaments, eapable of extonsion and eontraefion fymn the dorsal
paint of attachment, Starting from beneath the siomach tley lie in
folds alope the npper part of the fool. When first sean, at the hegin-
ning of the degeneration of the velum, they seareely eonsist of two
Folds, ut belore the velom has disnppeared they nomber from four to
five. The cdges of the folds are lined with active eilia whiel keep np
an ineessnint maotion. These primitive bars, 45 seen in the prodissoconch
(Fig. 18), ave tie paired beginnings of the inner gills. The onter gills
develop at a later stape.

The Mantle.— At the fime of the Lovmatton of Lhe gills the mantle
bepomes noticeable as a thin, transparent covering just under the shell,
although i has been funetional befare this period. By the time the
dissocoieh stage is reached, the free ediee has thiekened into fine folds
and 15 hned with small eilin.

The Digestive Tract., — The digestive apparatus of the early veliger
eonsists of a fonvel-shaped mouth lined with aefive eilia, leading into a
hroad sae, the stomach, also lined with minnte eilia, from which arises
n two-lobed liver. The intestine is merely a straight tube opening pos-
teviorly. With the prodissaeconch veliger the digestive traet is obsenred
by the growih of the liver, which has assumed a greenish yellow eolor
g0 that the euils of the intestine are diffeult to distmemish, The month
has travelled forward in a dorsal direchion, the edges apparently having
formed the palps, wlhile the eiliated fnnnel has beeome the msophagus.
The intestive now has one or morve eoils, and; in order to carry on the
more complicated process of digestion, opens dorsal to the adduetor
musele.

Summary of Veliger Stage.

| Farly Veliger. Prodissoconch Veliger.
EBhetl v v N de e 0 e ' Steaight lilnge, v+ Prominent umboties,
Velum, . . o - . « | Présent, . - B . | Degenerate.
Foof, = = « = . o | Abseul, o + o« Present,
Gllllara, . a . . i A I Abgent, . = = « | T'rogent.
Mantle, . v . = o o Invisible, . - .| Visible
Moutl, . w q > . « | Venteal position, « | Anterlor position.
Palps, . 3 - q g . o | Ahsent, - . e o | Preeasnt.
Stomasli, . - i = # 3l Stmplesne, E o Bl sne.
Liver, i f G T B R i & 4| Large.
Iotestine, - . a s i o | ®iratghy, . g - « | Colled.
Adlictor moscle, . . « - | Anterlor, ¥ . « | Posterlor,

Slae, . . . .« . o W millimeter, . | SR millimoter,
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The Dissoconch Stage.

The young seallop now enters npon the third stage of its deyvelopment,
the period of hyssal attachment, which is comparable 1o pouth in man.
From struetoral diffevences of shell, which sharply distingmish it frem
the prodissoconch, it s been eallod by I'rofessor Jackson (4) (he dis-
soconch stage, The anatomieal ehanges are so complieated that for the
purpose of deseripling several arlntravy subdivisions, illustrating sne-
cessive periods of developmeut. have been made. A table of these
phases is appended iu ehapler VI In the zeneral deseription of the
dissoconeh period, especially in the seetion on anatomienl development,
reference is made to these snbdivigions.

The ehiel charoeteristies of the fissoconch stage are the habits of
byseal fixation and erawling. In a prelininary veport the writer was
led to inelnde an intermediate stege between the free swimming veliger
il the atinelied seallop, that of a Free ernwling existence, Later in-
vestigntion Las shown that the fast two stoges practiceally eoineide, aud
that no line of distloetion ean be drawn, Evidently tlie power of
crawling is supplementary fo byssal fisation, and is of ereat serviee
to the nnimal when if wishes to cliange ifs loeation or is torn away
from its point of attachment. That young seallops have the power of
Livssal fixation immediately following the prodissoconch or af the very
beminning of the dissogonch stage is shown by those attachied to the
ratt spat boxes, deseribed i chapter VIL In many of these seallops
the dissoconch growtl, searcely one day old, had just started, yet they
at ouce attached themselves, by a fine hyssal thread, to the sides and
bottom of glass dishes,

Tlie subsequent changes in anatemy and shell farmation can be
more rveadily attributed to a eomplete ehange in habits; such as the
assnming of a stationavy Iife after a free-swimming esistence, than
the transition from swinmming to the intermedinte crawling stage, snch
as his becn sugeested by other investizators. Kuowledge of the byssal
attachment in the eavly part of the dissoconch stage shows thal there
is an abrupt change of life at this period, and gives a new interpreta-
tiom fo the strnetural differenees,

Thy Set.— The oyster. necording to Jackson (4}, still possesses n
vehum when it * spats,” or atlaches itself nf the end of the prodissoconch
stage, and no foot hos developed. * The preliminary fixation,” he
states, “is probably effected by means of the reflected mantle border,
as described by Ryder, and is then immedintely sneceeded by o eement-
ing eonchyolin aftachment at the extreme edze of the lower left prodis-
soconell valve.” The seallop, on (he othor hand, before it sets Lins lost
its velom anil has developed n musenlar foot, which acts ns a swimming
orzan diming the Iatter part of the prodissoconel stage, The set is
made, not by auy fixation of the shell, but by a fine thread, ealled the
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biyssus, formed by a gland in the foot (Fig 303, 1t s inferesting lo
vote that in esch ease the attaelnpont, thongh entively dillorent, cones
at the end of the prodissoranch period, and that the orvgans of attach-
ment and locomotion, owing lo the absenee of the foot in the oyster,
are strikingly dissinilar,

The Shell.— The shell of the dissoemich stage (Fig. 19) is sharply
separaled from the prodissoconel by a well-defined zrowtl Tine and by
dilfevent =hell formution, The prodissoconch has a smooth homogeneons
struetare lined with finely copeentrie Hnes of growth, The new giowih
is of an entively different chavacter, as the vighit or lower valve neguires
n priswatic strueture (Figo 41), sneh as was deseribed m Ostrea and
Peelen by Jackson (4), in which caeh prism is separvated by an inler-
vening space.  The stroeture on the left or upper valve, while not pris-
malie, is readily discernihle in appearance from the prodissoconch.
The fret indieations ol eoloring i the shell appear durving the Iatier
part of this period uas little dashes of yellow or brown. The dissoconeh
shell lias a swooth, even appearance, with no plications, and separaled
by reguliy concentrie growth lines, which arve used by the writer to
mark off eertain sub-stages. DProbably these growth lines; as yet not
evoded by aetion of water or subsequent growtl, denote daily periods,
tides or olher intervals in shell formation,

With this stage the hinge becomes for the second time a straight line
During the first three sub-stages it is navrow, hardly four-sevenihs the
width of tlie animal, but later it inereases relatively in width, until
at the bevinning of the plicated stuse it is neayly the same Jensth, In
the early stages the hinge line is not absolutely straight, but inelines
slightly upward at both ends. The inside of the linge line is set with
teeth, as deseribed for the prodissoconeh veliger (TFig. 23),

The form of the seallop gradually ehanges during the dissoconch
period, as it grows from .18 fo 1.20 millimeters. At first the shell
rounds out anteviorly, while posteriorly 1l breaks directly down from
the hinge line with a slight enrve (Tigs. 19, 20). The left or upper
vulve elongates anteriarly a slight distanee beyond the right, covering
it this region the byssal noteh of the lower valve (Fiz. 10). At a
shightly later stage (Figs, 25, 26) the shell has formed in this region
a ““psendo ear,” whieh disappears as the animal grows larger, ani
aguin reappears at the size of 1.50 to 2 millimeters to form the {rne
“ears” on both sides of the shell. Meanwhile, the posterior part of
the shell has inereased sliglitly faster than the anterior, eansing the
prodissoponeli to assume a position anterior to the eenter (Fig. 28).
Toward the elose of the dissoconch stage the seallop losos its elongated
form and takes on a semicirenlar appearnnee (Fie, 31), The various
changes in form from the early velizer ta the 2 millimeter senllop are
shown in Fig. 77, whicll consists of eleven concentric camera oullines
of different sized seallopz.
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The dissoconel seallop differs from the adult; in which the two valves
are equal, by having the right or lower valve smaller {han the left and
less eonvex, This is undoubtedly a diveet adaptation to its method of
life during this period, the flal lower valve offering ease and assistanes
in crawling and attachment. Anomia offers an exeellent example of
the flattening of the lower valve in an attachied animal, and the ronnding
out of the npper. The same iz true of Pecten irradians to a slighter
extent, a5 it is not aitached so frmly noy for so long a period as Anomia.

The most interesting feature of the shell formation during this period
is the development of the byssal noteh and groove in the anterior part
of the lower valve, The noteh is the name applied to the indentation
(Figs. 10-21), while “ groove" refers to the hollow formed by the
evowth of the moteh (Fig. 25), The noteh first makes its appearance
close to tlie prodissoeoneh, indieating that it starts at the time the
animal “setz.” By the time thai phase 5 is reached a tooth-like process
has formed con the nateh [Fig. 20), These inerease to three in number
at the end of the dissoconel stage, and go as high as five or more in the
plicated period. Similar teeth are found on the byssal noteh of seal-
lops less than one year old, as new ones nre eeustantly forming, while
the old are covered by the growth of the shell. Old seallops rarely
have teeth on the Liyssal noteli, I the shell is broken along the byssal
groove iu an adult seallop an entive ridge of these teeth can be seen
whare they have heen covered by the growth of the shell. The use of
these teeth is unknown, exeept that they are elosely assoeinted with the
byssus, as is deseribed in ¢hapter IV, under the hahit of byssal fixation.

The name byssal noteh is probably derived from the fact that the
byssus comes out of the same indentation in the adult. Perhaps at this
stage a more appropriate name would be fool groove, as that orpan,
in erawling or in spinning the byssus; is thrust ount of the opening.
There is some difference of opinion as to whether the hyssus or the
foot is the eanse of the formation of this noteh. Jackson (4) says
that it is formed by the folding back of the mantle, resulfing in retarded
growth in that loeality (Fig. 21), Whether the foot or the byssus
thread was the eause of this retardation cannot be stated definitely,
althongh probably both are funetional. Although the foot appears
liefore the dissoconeh stage it is used as a swimming organ. The byssal
noteh appears immediately after the prodissoconch stage, eorresponding
with Loth the byssal attachment and the mse of the foot as n erawling
organ. Therefore it can safely be concluded thai the byssal notel is
characteristie of this period, and is formed by the combined aection of
foot and byssus.

The Internal Anatomy. — With the development of the shell, corre-
sponding ehsanges have taken place in the internal anatomy, rendering
the seallop better adapted to its new mode of life. Adult eharacteristics
are now manifest, and the animal ean be readily recognized as a seallop,
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The speafie development for each set of orgnus is given in detail under
the section on “ Anatomical Development,” and it is euly necessary to
give here a brief vésmnd of the more important changes:

As the animal has entered upon an alternately stationary and erawling
existence, the foot has become relatively the most important organ, and
during the early part of the dissoconely stage reaches its maximum
development in size. The eiliated tip and museular body render il an
active ovgan of locomotion, while the byssus gland provides the seallop
with a means of attachment. The mantle, at first a simple, eurtain-like
fold with eiliated edges, becomes more specialized by the development
on' its outer edge of a few tentacles and eyes, which give it greater
sensory fundtions. The four folds of the inner gills of the prodis-
goconch inerease to twenty-two, and the outer gills make their appear-
ance before the dissoconeh stage is completed. The digestive organs
increase in size, the liver becoming the most prominent, while the in-
testine elongates so that the anal opening is on the postero-ventral side
of the adductor musele. The posterior adduetor musele, which throngh
this period has been eapable of great expansion, as is shown in Fig. 23,
so that the shell is often opened to an angle of 90°;, has grown larger
in circumference and has taken a more central position. The heavt,
cansisting of a ventricle and two auricles, with its supplementary eir-
culatory system, now first becomes conspienons (Fig. 27). Altogether
the internal anatomy of the young seallop has passed throvgh the tran-
sition period from babyhood to the adult, and is now ready to take on
the final characteristics of the mature scallop.

The Plicated Stage.

The plication stage, as the name suggests, marks the beginniug of the
radiating ridges or furrows which give to the scallop its beautiful fan-
like appearance. These plications da not inerense in number as the
animal grows older. TFigs. 33 and 34 show the beginnings of the plica-
tions in the shell, while Figs. 36 and 37 show a lateér stnge. In the early
plieated stage the form of the seallop js semi-cirenlar, the beight and
width being approximately the same, while the hinge line is nearly equal
ta the width. The hinge line is now straight, bnl markings exist in the
sheil showing Lhe former downward slant toward the prodissaconch,
which in the early part of the plieation perind is asymmetrical, but
later attains a median position, before it is covered by the ronnding
nmhones of the shell. The true “ ears” of the adult make their appear-
-anee as indentations on the lower sides of the hinge line, anteriorly and
posteriorly, when the scallop has attained about 2 millimeters in size.
During this stage they are much less pronouneed than in the adult, while
the hinge line itself is yelatively longer, nearly egualing the width of
the shell.

The hyssal noteh, which inelines slightly upward toward the prodisso-
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conch, has now hecome deeper and is lined with several teeth along its
inner border. The number varies from one to six or more, the older
teeth being less pointed than the last formed. In Fig, 30 there is a
secondary forrow dorsal o the main zroove, and a serrated structure
near the liuge line, congisting of seven sharply pointed teeth, the ovigin
and use of whiely are nnknown.

The dovsal view of the shell of PPecten at this stage (Fig. 38) shows
the relative <ize of fhe nmbones and the hinge line. The lefi valve is
deeper than the right and the nmbanes point slightly pesteriorly. The
line of separation of the prodissoconch and dissoconel growtli is sharply
marked. showing how the two valves, which were elose together duving
the prodissoconcl stage, have been sprewd apart by the vew growth of
the valyes. This peviod is just previons to the disnppearvance of ile
prodissoeonch, either by the wearing awny of the shell or by the growth
of the shell.

The exaet duration of the plieation stage cannot he given, as the fran-
sition to the adnlt is gradual. Perliaps the end of this period should
come wlien [lie animal Las attained general adult eharacteristies: 1 such
a-definition be taken, the arbitrary size may be assigned as 4 millimeters,
for by that time Lhe yviseeral mass iz well defined, completing the adult
anotomy of the seallop. Unless some standard were taken, it wonld
be impossible Lo tell just when the plieation stage ceased and adult life
began., Another view would have the plieation stage followed by a
period of youth, and consider that the adult life was not reached until
the animal was a year old. This, perhaps, is a befter division, althongh
the characteristies of the youth and the adult are praclically the same,

The Imternal Anatomy,— Few new argans arize duoring this stage,
whiel is mostly eoncerned in ihe development of those already fermed.
The most prominent fealure is the appearanee of the visceral mass
with the reprodonctive organs, whieh are first noficeable at the size of
3 millimeters. The visceral mass srows down from the ventral surface
of the fool, which becomes relalively smaller with the growth of the
animal.

At the size of 3 millimeters, the mantle has increased by the formation
of a set of gnard tentacles, whiel are situated on the perpendienlar flap.
The eyes have inereased until they nnmber sixteen or more on each lobe
of the mantle, while the tentacles have eorvespondingly inereased in
size and number. The eireulatory and the nervous systems have become
more eomplicated, fo meet the vequivenients of the growing animal,
which now has aequired the power of swimming by valvular contraction.
The digestive system has expanded, the palps hecoming rufiled avound
the mounily, and the iutestine elopgated in the region of the viseeral
mass.  The adduetor musele has inereased greatly in size and ecan be
seen Lo consist of two distinet portions. By the eampletion of the stage,
the animal has attained all the organs and charvactenisties of the adunlt
seallop.
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Anatomival Development.

I oeder to fnsure o aoifled aond eonteeted nayreative, it was thougli
hist, even at the visk of repetition, tn trace the development of eaeh
argule o sol of organs separately.  Wherever opportunity is given the
veadet is peferved to other portions of the veport for supplementary
veading.  In tracing the outline of the early lif'e history of the seallop
the shell hus Been thken as the anit of deseviption, and thovefore its
develojunent nced nol be trented separately, and only the soft or
interual parts of (he animal need exemplification,  Coustaut refercnee
is made to the various stases ontlined in the table in ehapter VIL, and
to the illnstvations, so as to present o connected aceonnt without nunee-
essary deseription,

The Mantle. — A deseription of 1he strueture and funetions of the
wautle of the adult scallop s given in ehapter LI, and it is only neces-
sary Lo recapitulate vertain points which bear divectly npon its develoy-
pent, The mantle is a thin bilobed wembrane closely lining the interior
of the shiell and enfolding the body of the animal, The free adges form
thickened flaps, which are brilliantly eoloved and lined with rows of
sense orgaus, eyes and tentncles. The funetions of the mantle are:
(1) shell secreting, as the growlh of the shell is dne to e seeretions
from the mantle; (2) protective; ns it enfolds and guards the body, and
is largely instrumental in swimming and feeding; (3) sensitory, as the
numerons taetile appendages and the cicenmpallial nerve render it
sensitive (o the slighlest stimnlos.

There is a steady development from the primitive manile in the young
seallop to the highly specialized organ in the adull.  Tt-ean be dedueed,
from the changes which take place during the embryological and post-
emhbryological development, that the early aneestor of the seallop did
not have such highly specialized funetions, whiel only develaped whey
the amimal assmmed it= present davgerons mode of life, where it deprends
npou its nervous mechanism to warn it of impending danger,

The primitive mantle of the young seallop is a simple bilobed fold
joined along the Linge line, amd is first visihle in the prodissoconch or
lafe veliger stage. Iu Lhe early velizer, althongh probably present 1o
enable the formation of the embryvonie shell, it was not noticed. It
evidently attains prominence during the prodissovonch stage as a definite
wantle, eommon Lo all Iamellibravels, shnilar, except for ihe erenulated
edges; to that of the adult quabaug. At this time it appears eatirely
separate from the degenerate velum, wheveas in the early velizer it was
indistingnishable: The animal can extend the mantle slightly beyond
the shell, and by means of refractor ninscles withdraw it to aboul two-
thirds its uatural size. Fyen al this eavly period the mantle serves s a
sensory organ, as the edges arve hiped with minitte cilia and simple
folds ave already noliceable ou the horders.
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During the dissoeonch or attachmeni stage, the mantle first takes on
eharacteristies whieh diffeventinte it from the early stages of other
forms. The edges hecome more folded and knob-like projections grad-
wally form at defhute places on the horder, some to form tentacles,
others the eyes of the seallop. (The development of the ayes and tenta-
cles will be considered separately under * Sensory Organs.”) The
reteactor museles hecome stronger, and the mantle is now eapable of
greater extension and contraction, withdrawing at points where irritated.
As the amimal grows larper the number of velractor museles of the
wantle inerease and are attached in a widening semi-cirele far down the
interior of the shell, so that only the outer portion of the mantle hangs
free.

Another important funetionnl change takes place when the so-ealled
flap of the mantle is foymed, This is a thin ontgrowth in a perpendicn-
lar direetion along the entire edge of the mantle, except just benmeath
the " ears™ nenr the giphonal openings. The flap, when fivst formed
during phase 6, is entirely plain, bul soon is ornamented with a row of
small tentacles called by Jaekson (4) “enard tentaeles” With the
formation of the gnard flap the animal has become a specialized seallop,
differing from other lamellibranehs. The wvalves are now held apart,
when resting, in such a way thal the opposite flaps almost close the
intervening space. Water ean be taken in and shot out of the shell,
giving the seallop the power of swimming,

Closely allied in funetion with the guard flap is the formation, during
phase 5, of what i5 known as the psendo-siphon, which arises as a
transparent conieal projection from the median posterior horder of the
mantle. This organ is formed by the concrescence of the mantle edges,
and is not a true siphon, as is found in the elam and qnahavng. Fone-
tionally this psendo-siplion acts as an exenrvent eanal to eject water
from the shell. Although it is not nsed for the purpose of swimming,
as 15 the case with the same region in the adunlt seallop, it assists the
ammal at this period of Life in erawling, as simultaneously with the
eoniraetion of the foot a stream of waler is ejected from the pseudo-
siphon. After each flow of water the siphon is Tetracted again, to be
extended when the next stream is fortheoming. The psendo-siphon
disappears before the scallop veaches adult size, and is evidently only
funetional during the erawling period.

The mautle, particularly the edge, is beautifully hued with many
colors: The mantle of the seallop at first is a transpavent white, which
gradually takes on the colors of the adult mantle. The intensity of the
¢olor varies greatly in the different seallops and is as nnexplainable as
the variety of colors in the shell

The Sense Organs.— The scallop bas a well-developed censory sys-
tem of specialized parts, each of which contributes to the maintenanee
of life and lo the protection to the animal

{a) Tentacles.— The teutacles in the adult seallop line tlie border of
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the mautle, Thive are two kinds: (1) the Turge, bighly extensible tonta-
¢les, lining the onter edge of the mantle; enlled by the writer “ manthe
tentaeles ™ o distinginish thom from (2) the inner or “gaard fentacles,”
which lie on the edge of the perpendicilar wantle flap. The * mantle
tentacles ™ comprise sevoral rows; apparently withont any definite
arrnngement in the adult, When extended they have the appeiranece
of long, slender while bars eovered with miunte conieal projeetions,
each tipped with a hair. The “ guard tentacles ” differ from the former
in extensibility and funetion,  They extend nearly the entire edge of the
munile flap, except in the region of the two siphonal openings below
the ** ears,” and evidently act as steainers Lo keep ot foreign substances
fram the mantle chamber.

The fivst specialization of the mantle horder, the teniacles, appear
when the growing eondition of the animal demands sensitory functions.
They appear soon after (he seallop passes the size of .5 of a millimeter,
Just previons to phase 5, when they can be seen fairly well developed.
The first tentaclés wore noted as conieal papillary projections .04 of a
willimeter in height, Hpped with single eilin (Fig. 44a) on the border
of the ciliated mautle, Soon avother rises close to the firsl, or more
likely there is a division inte two with a granular core between (¥ig,
44h). The growth eontinnes by vepeated subdivisions and the extension
of the eove part of the mentle wotil a eolony of these projections is
formed (Ifig. 45), covering a single tube of blood spaces, nerves and
tissne, the tentacle proper. The papillary projections radiate froam the
stalkk in suelt n manner as to give it the appearance of a pieapple
(Fig. 46). Such projeetions are notiveable on the tips of the tentacles
during stage 5 (Fig. 29).

The first tentacles to form ave in the ventral region of the mantle
(Fig. 27). When the yomng seallop has nine large tentacles on each
maitle lobe, it hias seven eves, which alternate with tentacles. At this
stage |here ave nine slight secondary tentacles which arise between the
large ones and in definite relation to the eves (Fiz. 20). As the seallop
erows the tentacles inerease rapidly by (his method of interpolation, with
the result that there finally is apparently no definite arrangemwent of
tentacles and eyes. The first nine tentaeles moy be styled primary; as
they are mueh larger than the otheys, which, taken in the order of their
oeenrrenee, are called secondary, fertiary, ete. 1l is inferesting to note
(Fig. 20) that no primavy tentacle is near the central region of Lhe
psendo-siplion, but that there is one on each side. Iu seallops of 114
millimeters these tentacles when extended mensure two-thivds the height
of the animal. The * guard tentaeles” on aceount of thenr funetion,
are quite different in appearance from the * mantle tentaeles,” being
less extensible and heavier,

There are several nses for {lie tentacles of the vonng seallop, especially
the primary, which ave not [uuetional in the adull. In floating, thoe
small animal opens the shell, extends the tentacles to full length, and,
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fnriang the body with vight valve nppermost (the veverse of the natural
position), maintains itself on the surfoee of the water. This habit has
been observed in nnmerous cases in the aquarinm in which seallops
were confined. In seallops over 1 millimeter it appears to be wecom-
plished by the spreading of the tentacles,

Observers, as Jackson (4), have stated that the animal is nssisled by
the tips of the tentaeles In evawling, moreé particolarly i elimbing,
during which the tentaeles cling to the sides of the glass. Whether (he
extension and elinging of the tentacles is any great help te the foof in
climbing is a watter of doubt, bt they nndoubtedly rest on the glass
and are extended duruge hoth swinuming and evawling.

The chief function of the fteataeles is semsury. Often the tentacles
of the adalt do nol respond to extexnal stumnli, as wounld vaturally be
supposed, and in the ease of repeated stimulation often fail to rveaet
ab all. In seallops of 2 millimeters the tentaeles may be made to contraet
separalely by mechanieally stimulating one at a fime, This servons
reaction is upl general, but if the whole animnl is suddenly jarved all
the tenlacles are withdrown with snrprising swiftness. The tentacles
of scallops of this size vender the animal more sensitive than the
smpller seallops, whieh do not have the full development of the Lentacles.
Thus the sensory nature of the tentacles is preven, and the subsequent
inaetivity of the lavze adults must be acconnted for in other ways.

() The Fyes.— The most prominent featnve of the mantle border
is the fringe of brghtly pigmented eves, which ave thickly seatiered
along the edge. In the adult there is gveat vaviation in the nomber,
size and order of arrangement. These eyes are comparable with those
of hizher animals, and evidenily have a sensory function.

As stated by Drew (1) the eves are closely allied to (he tentacles, and
ave in fact derived from the same source, beiug nothing more than
modified tentacles. Their sitnation, origin, time of appearance, aviange-
ment, all indicate that the eyes and tentacles are fondamentally the same,

The eyes make their appearance during phase 5, when the first or
priwary sef is developed just after the primary tentacles ave formed.
The two lower or ventral eyes are formed first, then the eyes near the
hinge lipe, and the intermediate ones soon after, unmbering seven on
each lobe of the mantle. The eolor of the eves varies at this age from
a brown to a blue. As ean be seen in Fig. 29, the primary eyes and
tentacles ave arranged definitely, the eyes bemg situated on slight pro-
jections on the outer folil of the mantle between the tentacles. The
suecessive development of the eyes is like the tentacles by the formation
of seeondary, tertiary, etc., sets between the primary eves, at first
alternating with the tentncles, but later appavently withont definite
arvangement. Although the visoal fuuetion of the secallop’s eve has
been a matter of mueh dispute, there is but slight question that the eye
lias its use as a sensitory orzan.
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(2) The Ofoeyst,— The vtueyst, or vrgan of equilibrimy, is sitnated
in the foot in the yoong apimal. Tt is first seen i the seallop of the
pndis=oconell stage a8 byvo yestibules of small size, one o each side
ol the ool Inside the etrenmivrence is o elenr Huid in which several
small grnnules are copstantly revolving (Fig 20), evidently dine to
ellinry netion,  Tlhese vemnin poowinent in the oot a3 long as tha
organ 1= relatively the fargest pavt of the bady. bt are gradually Jost
siglit of in the viseeral mass of the udull seallop.

The Gills,— The gilla: form doving the trapnsition perind from 1the
early weliver to the prodissoeonch stage, when they are observed as
simple primitive Yolds lined with vilivating eilin. At the boginning of
thie dissoconch stage the zill s a bar folded mnto four simple filamentons
processes, eovered on the onler edee of the fulds by rapidly stroking
eilin (Figs. 18 and 20). Later stages show Lhal (he bar flaments arve
added ventro-posteriorly, Arst appeaving as bud-like processes.  The
gills then consist ol simple bar filaments so arranged with the longer
omes dorsal that the whole giil hias a semi leaf-like appearance, Af the
enil of the dissoonel period these filaments nomber batween 20 and 25,
while the move mature dorsal bars beesine enliveed at the free end,
dne to their tirning back upon themselves. At this (ime there are two
gills, one on each side of the hody, which ave the nner gills of' (he adult,
This later erowth marks the begiming of tis inner lamella althongh the
filaments ave still separate. The seallop is abont 1 millimeter (abont
155 of an inel) in size at fhis time.

The next chinnge is the formntion of two onter mlls;, whieh marl the
charaeteristie struetnre of the adolt.  Jnst previous to the appesrances
of the onter wills the animal has two inner gills of abont seventecy
filaments.  Small * hods * arike on the npper edge at the posterior eml
of the gill, aud inevense vapidly in size and number. 12 envious that
the development of the onter gills staris at the posferior instead of the
anterior end, exnctly reverse to the formation of the inner gill. In a
1V -millimeter seallop sixleen flaments were connted on the ouler zill,
in o L8-millimeter seallop (wentyv-giglit, and by the time the ammal had
renched the size of & millimeters the gills had the same appearance as
i the adill. The inner eille are vefloeted inward, the onler gills Told
ontward to furm the second lamella.

The Iater changes are move complienlod and oot g0 eonspienons.  The
filnments appenr 1o heeome nnited, hut on close examination this union
is found to be due to the interlocking of eiliated dises on the posterior
and anterior sides of eacl flament, giving thie appearance of inlerfila-
mantal eross hars. The filaments are joiped in groups or bands of seven
ar eight. A d-millimeter &eallop Las ahont ten bamds: a S-millimeter
speeimen twenty-five. ‘The lamelle are also attacled at intervals iy a
fine septom.

The ills e ot all tirmes very sensitive.  When tonehed with o peneil
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they immediately eontract. 1L a few drops of formalin are placed in
the water nenr a small seallop a sudden clapping of the valves frequently
shoots out a detached portion of the gills,

The Adductor Muscle. — According to Jackson (4) the revolution of
the nxis has bronght ahoul the loss of the anterior and retention of the
posierior adiduetor miuscle in the adult Pecten, Naturally, as with the
oyster, there 18 one period of life, the early velizer stage, when the ante-
rior adduetor is presenl. Then follows an iutervening stage where
hoth are presumably present, and finally, by the time of the dissoconch
stage, the anterior adductor has disappearved. Sharp (15), hike Jackson,
favors the view that tlie mechanienl shifting of the axis of the shell has
eansed the atrophy of the anterior and the subsequeni enlargement of
the posterior adductor, Tu the adull the mnsele is formed of two parts,
a laige anterior and a small posterior division, The relative incrense in
size of the musele between 3 and 10 millimeter seallops is wore rapid
than the formation of the shell; the musele inerensing sixteen times, the
shell only eleven (imes, in volume, and is possibly due to the need at
this period of a larger musele.

The Foot.— As the fanetions of the foot are ziven in chapter IV,
under “ Locomotion ” and * Altachment,” Jittle needs to be said here,
From the relatively largest organ in the seallop during its dissoconch
stage, the foot rapidly becomes smaller, owing fo degeneration and laek
of use, until in the adalt it is but a small projeetion on the antero-dorsal
surface of the viseeral mass.

The Viseeral Mass, — The degeneration of the foot marks the growth
of the visceral mass, which contains the reproductive organs and the
coils of the digestive tract, It is fivsl noticenble to the naked eye in the
3-millimeter seallop as a mere speck on the ventral surfaece of the fool.
The reproduetive organs are the 1ast to mature and the last fo be of use
to the animal before its decline;, which theovetically staris ai the eom-
pletion of spawning. Even at this early stage it is covered with the
black pigment so prominent in (he adult. A white streak running along
the anterior edge marks the situstion of {he testes, The rest of the
mass is eovered with the pigment. The surface area of fhis mass for a
13-millimeter seallop is ten times greater than for a 3-millimeter animal.
The intestine does not form a part of the mass until the seallop has
attaived a size of 8 millimeters, when the eoils are enveloped. The
visceral mass continues to inerease in size until in the adult it is the
largest part of the body.

The Digestive System.

(a) The Palps.— The palps are formed soon after the disappearance
of the velum, and there possibly may be some connection between the
two as the velum disappears in the vicinity of the palps. At first they
are simple folds, as in the average lamellibranch, and not until later do
they nssume: the rufiled form which is charaeteristic of the adnlt
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(b)Y The Mouth ond (Esophagus-— The primitive month and wsoph-
apns in the veliger consisted of a simple eilinted fonnel leading into the
stomach. Al this period the edges of the month were sovered with cilia,
and the palps had not made their appeacance, the only fundauwienotal
difference hetween the month of the veliger and of the adull.

(o) The Stowach.— The stomach of the veliger ean be diseerned
beneath Lthe liver throwgh the tvanspavent shell. The walls ave lined
with cilia. The adult stomach 1s more spocialized by the formation at
the pesterior end of the artienlating receplacle for the head of the
evystalline style, by its larger size, and the ridges and folds whicl line
its imier surface. Its development is gradnal with the rest of the soft
parts of the seallop, but cannot be traced in the young scallop after the
veliger stage, owing to the dark eovering of the liver.

(d) The Liver-— The liver appears in the veliger stage is two glands
on each side of the stowach, and eapidly spreads oui fo cover that
organ, =o that in the developed veliger the most eonspienous objeet is the
large liver mass in the center of the animal, with its granular colored
appearance, As the scallop grows older, the liver takes on a darker
color, which in the adult is an estremely dark brown, whereas in the
young seallop, even up to 15 millimeters, it is a light brown or ocea-
sionally a yellow brown.

(e) The Intesting. —'The intestine of the veliger when first formed
is a simple tube cnrving downward and backward from fhe stomach.
In a few bours the digestive processes have necessitaled greater use of
this organ and il has accardingly elongated by forming a ecoil in the
npper part of the mantle chamber above the stomach and liver, The
entire length of the tube is lined with cilia, and the food particles ean
be seen rotaling within. The suecessive development of the intestine,
exvlusive of the formation of the erystalline style, whicl lies in a folded
groove an the portion near the slomach, is chiefly that of elongation by
means of coiling, When the seallop atining the size of 8 millimeters
the ecoils of Lhe intestine arve inelosed by the visceral mass, or ratlier
are seen to be-enfolded in that substamee, and are earried ventral as the
mass inereases in size, The anal apening passes during this development
from a position dorsal to the addnetor musele to a more ventral sitna-
tion in the adult, thus furlher increasing fhe length of the dizestive
traet, whicl passes throngh the eentral ehamber ol the heart.

Coloring of the Shell.

The numerons color variations in the shells of yonng seallops render
them conspienons among other objocts on the tidal heaches. Seallops
arve found of all shades; vanging from the plain eolor to the striped
varieties, with hardly two alike, and aré on this aceonnt often gatheredl
for ornamental or decorative purposes. The popularity of the seallop
shel] is aneient, as history tells us that this shell was the deviee on tha
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shield of many a ernsader, and that throngh all ages it has been regarded
s an ohject of beanty.

Naturally, varions questions on the subjeel of shell ecloration arise,
suel as (1) the native of the coloring matter; (2) where and how i
appenrs; (3) the vanrations; (4) do seallops ehange color? (5) is eolor
due to inheritance or envivonment? In conneetion wilh the erowth
experiments on yonug seallops the Following notes were made.

Caoloring Matter in the Shell.— 1n seallops from 3 to 10 millimeters
the brown eoloriug matter is the predominating shade, When momted
ot p slide after having beew treated with aeid the colorved shells leave a
brown ontline of varions intensities on the glass, according to the
depth of tlhe eolor, while the pure white are havely discerinible in ontline,
showing that the brown coloring matter resists the action of the acid.
Other ecolors, as blaek and red, nre of Ailferent origin and disappear
nnder the aetion of neids,

The Appearance of the Color.— The lower or vight valve of Lhe
seallop shiows (he eolor best.  The upper valve is wsually darker, of
plainer hue, and covered with growths sneh as cel grass; sea lettiee,
Enterqmorpha and numerons smaller plant forms, In the young seal-
lops Lhe eolor of the two vilves is the some, and only when the npper
begomes coated over is any diffevence appavent. In the adolt the lower
valve is muely lighter in eolor than the apper,

The time of appearance varies greatly. Albino seallops; which do
not seem to Linve auy eoloving matler an the shell, are found in all sizes
np to 1t inches. As they grow older the pure white eolor takes on
a vellowing or groyvish line. Seallops the size of the head of a pin may
bave more eolor than seallops the dimmeter of a lead penal. The pro-
dissoconch s nnpigmented; occasionally in the dissoronel stage liftle
spots of eolor make {leir appesranee, but no desided ocoloration takes
place before the plieations begimn to form, when the seallap assnmes in
o minor degres the color patterns of the adult.

Coloy Vuriatcon. — The eolor of thie shell varies greatly; especially
with the young, All varieties fromi' a pure white to a grayish-black,
as well as a red variety, can be distinguished. The gommon marking
is 2 mottled or striped appearanece; undonbtedly the intermediate forms
beiween the pore color types, as il is possible to arrange a series of
shiells showing these gradations. The eolor marking of the young seal-
lops offers an esecellent field for the student of variation.

Young seallops from 34 to 10 millimeters can be readily divided inte
two main classes, nsing color a8 a basis of separation, Some are dark
brown with:a white fringe, while others range from a light yellow to a
transparent white. It seems sirange that seallops of the same set and
size should present so mneh diffevence in eolor, and that different eolors
are often found on the same piace of attachment.

In white seallops 2 to 3 millimeters a yellow pigment is frequently
found in the grooves hetween the rdges, whereas i the adults these
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furrows are eolorless.  Yellow markings are fonnd on Lhese small seal-
lops below tle hinge line in seatteved patehes about the wmho.

Do Seallops change Color as they grow older? — Tn 06 the follow-
ing experiments were mnde: Seallops of the 1906 set, ranging from
10 to 20 millimeters, wore ebtained from Stege Harbor, Chatham,
These were sorted according to color and placed i wire haskets and
spspended frow the maft ot Mosomoy Point.  On Sept. 7, 1906, they
were put on the raft, and on Oect, 23, 1006, the eolor chanpges nated.
A similpy experiment was made with smaller seallops, about 3 milli-
metors in size, from August 15 to September 15,

These two observations indicate that there is a slight change in eolor
from white (o medinm and from medinm to dal, or that the seallop
<hell nequives as it grows older a darker shade. The dark seallops
always remain fhe same, while the light-colored ones gradually take
on o darkeér hoe which never becomes very intense,  Scallops between
3 and 12 millimeters vory in deepening their eolor, some requiring ope
week, othiers three, before any appreciable cliinge is noticeables

Is Color hevpditary or dup to the Eneivonnicnt? — The enloe of the
shell seems to be an inkerent quality and not influenced vadieally by
the environment. An eange-colored seallop is always orange color,
as bas been shown by keeping reeord of (he same coloved seallops in
wire baskets, and a small orange-eolored seallop will always vemnin
e same eolor, to matfer Low large it becomes. Color is not wholly
unaffveted by envirenment, a8 modifying chanees oceur; but in the main
it i a constant quantity. The pature of the surfare to which the seal-
lops are attached does nol seem to determine the color of (he shell, as
on lght-colored wooden boxes 150 out of 1,100 seallops were davk
eoloved, while the vemainder of the senllops, whieh measuved from 2 to
3 millimeters, were of a lighter line, This shows that environment does
not regulate the color formation of the shell, as both davlk and light
eolored seallops are found on the same surface. It is perhaps worthy
of potice that (he majovity, 86ita per cent., were light eoloved, while
the rest, only 18Y% per eent., were dark., The conelusion is that environ-
menf, while perbaps tending to modify (he coloration, does not deter-
mine the trne eolor of the seallop, which is an inhevent quality in the
animal.

A interesting experiment conld possibly De made i pesard to color
itheritanee it certain mechanienl difficulties in the line of artificial
propagation could Le overcome. Tt would be of seientific interest to
know whether seallops of a cevtain color would transmit tlis eolor to
their offspring. and if so in what proportions.  To accomplish this it
would be negessary o have inelosed spawning ponds in which the
seallops of the required eolor eonld be separated from the rest. Al
present, owing (0 the difliculties in the bréeding of seallops, ihis is not
possible, and an experiment of this pature will have to be postponed
kil artificial hreeding is more fully perfoeted.
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CHAPTER IV, —HABITS.

The story of the seallop would hardly be eomplete without sonie
meniion of its interesting-and envious habils, which nof euly exploiy
the anatomical strneture, hut also throw further light apou the life
history. The methods of lite of the youne seallop are for the most part
different Prom those of the adult, and ave typienl of Stages in (he de-
velopment of the animal, A change iy the fanetion of an organ eanses
a eorvesponding change in s form, and praclices onee nsefnl are dis-
carded lor others better adapted o the veeds of the growing animol
Thyonghont early life ean be traced n steady development, ealminating
in the adult wethod of 1ife, For this veason the halais of the yomng,
with the exception of swimming and resting, have heen eonsidered
spparately i the following chapter, aud as far s possible arranged in
logival sequence.

ATTACTIAENT,

After the Tree swimming period of its early existenve; one of the most
prourinent habils of the young seallop is the power of attachment,
wliich oceurs at the eompletion of its emibryonie existence. This Foie-
finy not only proves o greal help in growily, marking a new era in shell
formation, but renders (he immature andmal less linhle o attack from
s Humerons enemios,

Tha Set.—The “=et ™ mkes ploee when the young seallop sttaches
ilself to any foreign ohjedt by means of thrends soereted from a gland
in the fool. The animal, at the proper Hime, setiles or sirikes against
some ohjeet in the water, and elings o the point of attaelment with
its Toot wntil the thvepd or hyssns s spun,  The frequencey of Y set ' on
eal grnss is best explained by the bypothesis that the swimming seallop
al (his eritieal peviod of its life ie earried by Lhe enrrent against the
npright blades; where it elings with the foob nntil the hyssus thread
is formed. Lavger seallops have heen observed (o swim to the sides of
the aaumrin and support themselves on the slippery ghass by the foot
alone nutil the attachment by the hyssos was accomplished.  The meeat
mnhers of yonng seallops fonnd on the sides of spat boxes lowered
from a rvaft moored in 20 feet of water show that the nieans of first
attaining this attaclment was by elinging with the foot when (e animal
esme i3 contact with the hox.

Youug seallops attach themselves to eel arass, shells, stones, ete., but
e generally fivst notiesd by the Gsherman on eel srass or sea letinee,
where they vemain nutil they rvench adult age. Seallops arve found on
Botli the npper and the nnder side of eel grass, nsnally 3 Lo B inches
from the boftom being the locality of the heaviest sef. Ulva (sea
letinee) seenis Lo offer o better place of attachiment than eel grass, as
it winy be earried for miles by the ewrvents and * seed ™ scallops may
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be transforved fn this sway from one localily fo avolher.  Shallow dats
povered with, ihick eel seass ave wsually the wost productive of heavy

St althongh the esposod nntore of these flals duing the winter
often cinses @ severe mortalite amony the yomig seallops,

The exact conditions povermme the set in ony one loeality ave difii-
ctill to abserve, The primary requisile is samething Lo which the albal-
wiet ey be qpnde; Tlhis s nsially eol grass,  Tooo namber of enses
heavy “sets ™ me found in the shill water on the sides of a swift
garrenst.  This is oltén the ease ot the entrance 1o harbors where oel-
grass (lois line the ehaunel.  The sproad of the ineoming or outgoing
wators earried with it the youne Inevie, which, stiiking the eel grass in
the still water, seftle npoy the waving hlades,

The fhyssus (Fig, 43). — The voung seallop after is free swimming
existeree attuelies itsell’ by slender strands of hard, gelatinons matenal
to the figst sajable objeet with which it comes in eonfact, This hundle
of threads is ealled the hyssns, and s similar i Panetion to the anelor-
ine strands, the “beard ™ or * weed,” of the common black mussel.
The number of fibers composiug the hyssus depends npon the size of
the seallop and the Tength of time attached, as hut one thread is formel
at o time, and the total number is not at onee completed.  As the seallop
aercases i size, the number of stvands inersase in proportion to the
added wveight,  The eovivoument mway also determine the strength of
the byssus; as seallops exposed 1o the strong winids and wave aetion
tevessarily poed wme anelioring sfrands,

The byssal threads pass from a eland in the foot ont through au
indentation i the lower or might valve of the seallop to the snrface of
the foreign object to whicli they nve aftached by minute dises. This
indentation, direetly under the antevior “ear,” is ithe so-ealled hyssal
puoteh, whicll has alveady been descrvibed in chapter TIL  Alone this
groove are little projecting tecth or knobs, whiell develop in the Inter
part of the dissoconch stage soon after the attninment of the byssal
attachment, The vse of these tecth is not known, bul appems to he
related to the hyssal hobit. Possibly they arve of use ji separafing the
strands:  Tn seallops under ote vear of age these teeth number four to
five, bt in the majoity of old speviniens they are entively absent,
evidontly disappenring when (he liyssns becomes practically nseless,
s the Inst Pormed teeth ave ronnded instewd of sharply pointed.  The
matner of disappearanee is readily shown by breakiog (he valve along
the hyssal groove sl observing the line of teeth which have been en-
veloped i the adude shell,  As they e Formed ot the same Lime that
the hyssng Liseomes Tonetivoal; and dlisappesy whoey that organ is o
longer of use, thero scoms Little doubt that their nse is closely eorralnted
with thal of the hyssus

The following exeellont deseviption of the proeess of hyssal fixation
is given by Jackson (1): —
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Lying on the right valve, the foot is extended on the surface of the dish,
the flattened distal portion taking a firm held as if about to erawl., This
position is maintained for o moment or two and then the foot is withdrawn
within the body; by the motion of retraction it draws ont, or spins, the
hyssa) thread, which the ereature had fixed to the surface of the dish while
the foot was laid elosely against it. Soon the foot is again extended, prossed
flatly ngainst the dish, and another Tyssal thread is spun. The second
byssal thread is always attached at a point a little removed from the point
of fixation of the first threal; fometimes the two are separated by a dis-
tunee of two or more millimeters, Additional thrends may be spun; but
three was o common nwmber with specimens in confinement. Those on the
Liar, especially the larger individuals, frequently spun a large number of
threads in the byssus. The byssal pland is situated in a proximal eleft-like
depression in the foot separate from the more distal eleft-like depression
whieh serves the animal i erawling, so that between the two there is a
slight intesspace without o eleft.  Frequently when forming the byssus the
foot moy be arelied up in this interspace, the hold being maintained by the
tip ef the foot and at the same time the byssal ¢lefi being prassed elosely
against the glass, so as to make the fixatlon of the byssal thread. While
spinning the Dyssus the seallop Is prececupied, anil pays little attention to
prieks or stimuli which at other times would meet with immediate respanse.

The following noles, which give additional information as to the
length of time, were made on a G-millimeter seallop confined in a small
aquarivm (Figs, 58-60).

The seallop Ty in an aunatural pesition on its left or upper valve
on the bottom of the glass dish. At 10.15 it extended its foot perpen-
dicalar to its body, lnshing il to and fro with a wavy motion, until it
was extended to its full length, Then, at 10.15%%, it placed the tip on
the boitom in a eautions mauner, Seon after altaching the tip the
seallop contracted the fool, snapping its valves in such & way as to foree
a jet of water from the posterior edge of the shell, This movement
foreed the hody akead with a partial turn. The seallop therenpon with-
drew the foot, shooting two additional jets of water from the posterior
psendo-siplion. Dinring these maneuvers a one-strauded byssus had been
formed and was completed by 10,17, The byssus gland, weanwlile, had
been in eontaet with the bottom of the dish, and the thread was formed
by the opeéning of the groove and the hardening of the horny mate-
mal by eontact with water. Another seallop of the same size wns twice
observed to spin a byssal thread in fonr minutes, each time swimming
throngh (he water with foot extended in the interval between the attach-
nets.

Period of Attachment, — The seallop can east off the byssus at will,
and soon spin another. The threads are broken off at the byssal gland,
wlere they are elosely nnited, and lefl adhering to the ohject of attach-
men{ (Fig. 43). This Labil is altogether voluntary or nnder tlie effects
of external stimuli, The early life of the seallop thns consists of o
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sepies of abtaclimess and dishodgments, wilh infervening periods al
e ling ur swinuning.

The power of byssal tixation is tisst notiveahle at the beginning of the
dissooonel stage, when the yonng animal 18 Loond on eel giass and
ollier objecis, The froe swinming period of the vehger has just passed
and the seallop Las entered upon i new existenee, that of erawling
ad atlackment,  The seallop votaing the power of byssal fixation
thronghout life, but seldom makes vse of it after the first year. Seallops
fifteen to sixteen wonihs old have been frequently observed fastened to
ool gyass and to epeli ofler, showing that byssal &t{ochment even at this
late period in life is by no menns nicommon,  Perhiaps seallops over
ane year old find litile use for the hyzsus, a8, owing to ety size, Hhere is
less danger of their washing ashore in heavy winds. A twelve-month
seallop lias been <een to attach itself Lo the bottom of the aguarium
twerce wWithin forty=-eiglit hours,

Observations on the Attachment. — The byssal thread is strong and
flexible, as the G-millimeter seallop when firmly attaehed can be revolved
at least 360° withont hreaking the strands (Fips. 52-54).

A eprions attachment was noticed in n 2V5-milimeter seallop on Aus.
& 1908, The seallop was hanging by a byssal thread apparvently From
the surface of the water. The distal end of the byssus seemed attached
to o small bit of muens on the surface of the water, whieh was bowed
down by the weight of tlie seallop. The valves of the litlle animal were
apart, the tentucles extended, and the fool was lashing around with a
wavy motion, The point of attacliment was touched with the tip of a
peneil, wherenpon the byssns stuek to it so thai the seallop conld be
raised fo the surface and towed around the disl  The pencil point was
tHen lowered gently in the water and (he =eallop remained susgpended
from the surface as before. This was repeated with the same result.
The pencil was thinst through the water nntil it touched the =eallops,
which east off its Lyssns at once,

Yonog seallops swim with the foot extended, and if the fool comes
i emitaet with an abjeet, sueh as the side of the aquarium, the animal
elaps the valves papidly, as if to keep its halanee until the foot heeomes
femly attaehed,  The wmovement wicht be likened to the flntiering of a
hen when flving on to g vcoost, The foot is then dreawn i, and the
animal remnins hanging to that ecorper of the shell by means of a quielly
spun byssus, If the seallop strikes the side of the aquarinm with any
ofher partion af its hody it does got have the power or perhaps the
intelligenee (o swing the body avound so that the foot will strike the
class. Tlis observalion shows that the seallop 0f 2 millimeters and over
eains ils position on the sides of the aequarinm as frequently by swim-
wing as by the more laborions wethod of erawling up the sides,

Vadue of the Attachment,— The value of the byssus as o profeclive
factor is at onee apparent when one eonsiders the rough eonditions to
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which the scallop 1s offen snbjected. If 1t were not for some means of
holdivg last {e the eel grass or ofher snpports, the heavy storms would
wash the small animals asliore.  So possibly this power has heen devel-
oped by natural selection for the protection of the seallop. Also, vature
lins acted wisely in making the atfachment and elimbing powers of the
seallop sapplementary, as the climbing habit is necessary to enable
the scallop Lo reach a place of attachment, or, when attached, to find a
better location,

St Colleeting. — The atiacliment period in (he life of the seallop
natnraily offers the best opportunity for the capture of * seed.” When
this pexiod of life iz reachied in lhe ense of the oyster, the planter puls
inta the water large guantities of shells, on which the yonng oyster may
“got* or permanently attach itself by a ealeareous fisation. The
seallap, unlike (he oysier, has no power of enleareous fisation, o the
hyssns 18 not a permanent aftachment. 1 fonud desirable, old nets,
frayed rope, hoxes, ete,, hinz in a moderate envrent, should farnich an
oxeellent means of collooting spat.  Allhongh seallop larvee were plenti-
ful in the water, no natoral et on the eel grass ocenrred during the
smnmer of 1906 i (e Powider Hole al Monomoy oint. Nevertheless,
on hoxes and fraved vope, lowered for spat eollecting from a rafi, 1.200
small seallops were ohinined in a few sqnare feet of snrface. At the
prosent time there is uo distinel veed of spat collecting, as “sead 7 is
superabundant in many loemlities.  The yonng dissoeonels seallops usu-
ally are attaclied by one byssal thread.

Lovostoriox,

The young seallop depends greatly npon ifts powers of locomotion o
enable il to malntain the stragele lor exisfence, Lo seek new felds and
o exeape its onemics, Farly movement is shown by the swimming of
the eliated embryo, an entively distinet proeess from the same funetion
in the adult seallop. Belween mtervals of attachment it moves by
crawling with the foot either along the level or clinging to perpendienlar
surfaces, a considerably slower method (hau the earvlier habit. Later,
ihe swimming powers of the adult erndunally appear, althongl the
seallop still maintains its evawling powers. There is o gradnal develup-
ment in its methods of locomotion ecomparable to ehanges in its life,
gaeh of which are adapted to the special needs of the animal,

Crawling, — The seallop, Iong before it lost the faeulty of swimming
witle ils foot, had the power of crawling, alihongh it did not whally rely
upon this method, When the body beeame too heavy to swim snecess-
fully with the font, the auimal depended entively upon the latfer means
of loeomntion. Later, when e swimming habits of (e adult made their
appearance, the young seallop used both, assistive the ael of erawling
by shooting a stream of water From the posterior edge of (he shell in
unison with the contraction of the foot. Crawling is aceomplished by
three musenlar actions of the fool, extension, holding and coniraetion
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(Figs. 656-07), Befiwe starting 1o move the senllop projects its foot,
waving it several fimes arontd, ag G o recounoiter.  Then, suddenly
Geeomnine bold it stretelioz ont s ovgan it o decided nmnoer. The
foor iz elongated about the Jength of the body by the eoitvaction of
the cireulae mnseles, whieh B eallind o * tioming wave ™ by the Ger-
man, The fros opd is frmly ser by a sucker-like seeangement, aud
a **thickening wave,” chnsed by thie contvaction of (e longiindin
mnseles, passes loward the shell.  The Poot movenent is voughly com.
pavable o the creeping of an earthworn. The shortemiige of the fool
Jorks the =hell forwaed, the movement bolig stvensthened by the lip-
ping of the valves, whiel semd aut a current of water posteviorly from
the psondosiphon, ax is indieated by the moving speeks of dict i the
watler,  The valves slint when the lopgitadingl muosedes contraer aml
pesi-with the contragtion of 1he divenlar museles, siving a jerky motiog
to the emwling.

The seallop may ehauge its divection i crawling by seuing the tip
ol the Foor to either side of ihe line of wotion. When the ool eontracts
the shell is swung around very effectively.  As {he animal has never
been obi<epved 1o eraw] hackward, n Dreqnent manenver with young elams
aund quahanes of this aee, it probably veverses its divealion by a seifies
ol these movements,  The aninal often changes its hase of crawlipe
Prom the faee of the vight valve 1o the free edges of both valves. In
this ense the valves are o Lilled that the posterior portion of the [iee
wddize is nppermost, thns making the auteriog posterioy axis porpendienlar
to the surface on which 1t erawls.  (The above observations were made
o 1 to 2 millimeter seallops.)

An early dissoconely séallop {phase 4) was olserved to take a pecaliar
position on the bottom of a wateh glass. 1t raised itgelf on to the edge
of the shell with the anterior end high in the water, the oot extended,
wiving beek and forth. Wheihor it did this by other aid than the Jash-
ing of s foot conlil not he ascertained, bul it gimeefnlly vose on edge,
A similay manenver wis observed inoa TVo-millimeter senllop. Evidently
this habit is useful in tnrning over when the yonung seallop finds itself
oi the wrong valve,

In o vonng seallop ahont 1 willimeter in size {phase 5] the following
pate of traveling was observed, The heart heals fuster when the seallop
is erawling than when the anhmal i vesting.  Oceasionally all visible
efitdiane movenent cesses for shovt periods during the resting staze. The
tide of hont when erawling is abont 100, when vesting 85, per minule
The flesh sevies of gontinnons movenients permitied the animal (o cover
the spaeo of 5 millimeters 1 thirty secunds.  On n second tral the
seallop was alile 1o ¢over the same distanee i twenty seconds, laling aix
miwemepts.  Taking an approximnte avernge the seallop would be able
tocover 1 inels in two minntes, o thirty times its length, t it tenveled
consenplively.

The erawling singe ean be divided into three penods: (1) swimming
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and erawling by means of the foot with its eiliated tip; (2) the trne
erawling stage, where locomotion is by means of the fool; this is found
only in the early dissoconch seallop and is of short duration; (3) crawl-
iz with the foot and swimming by a elapping of the valves, as in the
adolt, The actual n=e of the foot for crawling eovers a long period,
as the anmimal eontinnes Lo ereep more or Jess until it reaches a size of
11 ineles, when the foot beeomes too small for this purpose.

Climbing.— Climbing rather than horizontal erawling seems fo be
the natural instinet of the youug scallop, which seems to prefer zoing
up the sides of oo aguarium to erawling over the bottom. Young seal-
lops 0.6 to 0.8 of & nullimeter, placed in a glass dish, elimb up the sides
until they find a place for attachment by the byssus, erawling over or
avound obstacles with equal rendiness. A beedle was placed before a
erawling scallap, and it elimbed up this for several millimeters before i
found a vesting plave.  The nsual point of attachinent is just below the
sturface, but the seallop may enecase itself in a drop of waler somewhat
above this level. The seallops do not elimb ont of the water, as evi-
ilently the siphon helps the foot in the work of elimbing and it is
impossible for the animals to lift the wevep<ed weight of the body.

Scallops do vot progress with sueh vapidity as in erawling, as the
animal 15 foreed to support it weight when making each exiension
of the foot. In the larger secallops the aetion of the foot is aided
by the tentneles, which at limes seein tu offer snpport as the animal
vests agninst the sides of the glass dish. The pseudo-siphon on the
posterior side of the mantle aids by forcing a jet of water from the
chell at the same time thal the foof contracts. Evidently the scallop
maintains its position for the most part by means of the foot, which
makes a double bend so that a second paxt near the byssal gland touches
the surface. Possibly by using (his porlion as an elbow, in the same
wanner as when the byssus is formed, it is able to eling to the support.
Ordinarily the lift eomes divectly npon the end of the foot, as seallops
have been ohserved hanging on the sides of the dish by merely the tip,
and to pull themselves ap by the contvaction of the foat alone. Part
of the cantracted foot then rests on the glass, and the distal end lenzthens
ont, searching for another resting place.

It was observed thai 25-millimeter (I-3peh) seallops eould climb
for a distauce of 4 to 5 inches on a smooth, perpendienlar snyface. The
lavger seallops were nol so active #s the smaller, and the 23-millimeter
size seems to mark the end of the climbing activity of the animal, the
foot evidently being wnable to support the heavier body.

The use of the elimbing power is conneeled with the attachment of
thie seallop.  Whenever the animal is shaken from its point of loeation
it ean elimh back to another pereh on the eel prass, There seems no
selection in the. elimbing instinet, only a tendency to monnt npwards,
It i= also possible, when the set strikes the eel grass, that the seallops
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pay have to climb to get their proper pusitions. L it were ot for
the ability (o elinih wpon the eel giass again, wany detached seallops
wouldl nndoubtedly perisii.

Turning Over, — Tlie young seallop (Figs. 40-51) possesses several
resouress hy which i may opient itselll wlien placed on its upper valve,
There are two general means, one hy help of the foot and the other by
the clapping of the valves. With the sniall seallop the use ol the worem-
like fool is the primitive method of gefting into a natneal position,
When sealiops from 1 to 1% millimeters ave placed on theiv left valve,
they at fivst appear nnessy.  Alter a low moments the animal thvosts
aut its foot, waves it aronnd as if secking a foothold, and finally ap-
plies the eleft tip to the botton of the glass dish with a twisting motion.
By this movasent the shell is pulled so that the hinge line iz vesting
on the bottom of the dish (Fig. 509, and the seallop pries itself over in
the opposite direction, naturally falling into its right position. This
operation is frequently aided by a slight opening and shutting of the
valves, The quickest way of tirning over in ease of the older seallops
is by clapping Lhe valves, which Hips the animal from oue side to the
other. The animal may tnrn in a lateral diveetion on the hinge, bunt
the nsial turn is anlevior or posievior, either toward the oot ar away
from it.  Another means is to swim with fool extended, nsually landing
proper side up.

Rate of Traveling,— Observations were made on the vale of travel-
ing of J-millimeter seallops, placed both on the mght and left valves.
Seallap A. vesting in an unnatural pesition on the npper (left) valve,
compared with seallop B, resting on the lower yvalve, did not exhibit
ns: great speed or travel so great o distance. Althongh yonng seallops
do not scem to be as uneomfortable as the old when placed on the
left side, they do not move so rapidly as in a nataral position.  Ouot
of 19 eonscentive moves seallop B showed 11 meeater and 7 less fhian
seallop A, while one was the same distanee, Seallop A traveled a
total distanee of 100 millimeters in thirly minutes, but actually gnined
oily 37 wmillimelers, owing lo its random movements. The same ir-
regularvity, in spite of ils gyeater speed, whicll is aceoymiod for by the
foul having a move diveet line of tension fov the sigle left refvactor
when the animal lies on the right side, was noticed on seallip B The
animols may move for some time withont going far, and may even
retirn fo the exact plave of stinfing.  The distribution of seallops al
tliis nge is probably determined move by wind and envrent than by any
movements of the ammal itself.

Swimming, — The st altempl at swimming ocenrs when the sur-
fage cells-of the seallop embryo acquive eilin,.  The sueeession of rotary,
circular and straight line movements of the lavn have already heen
deseribed for this peviod, and likewise [or (he early veliger, with
its ciliated velum or swimming organ.  Also, the change from the
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swinmining veliger to the larva wlich swins by a laeking motion of the
fool has been given in chapter 111

The adult swimming characteristics appear at the beginning of the
plieated stage, after the mantle has become specialized. Doring anil
just previous the seallop has passed throngh a stage in the evolution
of swimming, which, though closely associated with erawling, is the
hond that shows its elationship with othey lnmellibranels, sieh as
the elam and qnahaug. Ti s the * psendo-siphon stage,” so named from
an organ formed by the odee of the maptle on (he postevior side of the
animal. lu erawling, water is ejected from this opening with suflieient
foree to throw the animal ahead. 1L 35 interesting fo nole that this
mevenent s the fiest indieation of swimming i the apual, and that
it is ¢omparable to similur conditions in the other shellfish, whieli have
fully formed siplions e the adalt, The deseviption of the adaplability
of the anatomical ports of Foclen tenwicostatus { Mighels) for swim-
ming, as given by Ihew (1), applies eqoally well to Peeten drradians,
and 18 here guoted:—

Pecten is one of the ablest swimmers amoug Tnmellibranchs.  The whole
strieture of the animal 3g mwodified for this purpose. I'he valves have be-
eomie rounded noonthoe, Mattened awl comparatively light. The anterior
adductor misele has heen lost, sud the posterior addoetor musele, which is
very powerful, 1= sitnated near the middle of the body. The cartilage has
Leeome well developed, go the shell may be opened quickly when the muscle
relaxes, amd the hiuge line is straight, =0 there may bé ng pnoccessary
strains o opening and closing the shell. Eaeh gill is attached by one
lamella ouly, so water in the temporary elogenl chamber may be thrown out
without injuring the gills, awd the gille and marging of the mantle are
provided with muscles to withdraw them from the marging of the shell
when the shell s elosed.  Furthermore, the margins of the mantle are pro-
vided with infolded ridges and with eirenlar museles, so it is possible ta
direet the enrrent of water which issues from the shell in the required diree-
tiom.

The only striking dilference in the swimming of the young plicated
seallop and the adolt is the extension of the foot by the former, possibly
a charaeteristie vetained from the old method of swimming with the
foor, I all the swimming of the young the foot is thrust oul to its
full extent, mnd possibly dssists the animal through the wafer, either
by its wavine molion or by 115 eilin,

The following exeellent aeeonnt of the method of swinnming of the
adult Peeten is given by Jackson (4): —

It is hest to stody the swimming in young Peetens some 3 centimeters
Wigh, as at that asze it ¢ more easily seen than in adults, and does not
differ from what moy be observed o them. Lying on the bottom, with
tentacles extended, the seallop suddenly folds the guard fentaclés back so
that they lie closely agnipst the outer border of the perpendicular manile
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wall, The syadves e then clossd by o quick aetion of the adituetor nniiele
wiil water is foreibly expelled. "The fisst water expellod bv driven ouf pos
terfurly o Uhe divection of the arvow A (1Ng. 61), s 8 this wade thie only
or the mmin dimction: in which a enrrent i3 wxpelod the antmal would by
inpaet of wator bo impelled in the opposite direstion or aniteriorly; hut the
actiot of swiming 1% wore complivated than this wenld indieste.  When
tha valves huve elosed to a slight oxteut the bonlers of the two thick, per-
pondiendae gnantle walls come in eontact amd then po were water passes
ot ns indiested Dy oarrow AL but pistemad, during farther elosire of the
wvalvex, it is foreibily ejocteil from the lower border of one car, whers the
agantle wind] s Tow sl thing ns indicated by the aevow T (Fig. 61),

The water expelled ot the point B 0s the mest forceful corrent and
probalily of the greatest voluue; By its sieans the creature §s dnpelled. in
the direction of the arvow O The valves gpen gaiekly and elnp again. The
socomd time; ns before, the first wator is driven ont posteriorly ; hut wien
the mantle walls eome Iu contaetl, the dicection of the oxenrrent watir is
ngain changed, and is forced out from the lower border of one ear, in the
dirsetion of tho wrrow D0 (Mg 62); Ueing the stropgest eurcout, it hnpils
the animal in the direction of the arrow E.  This striking difterence is
woted, wiz., thet at sneeessive elaps the water is dreiven ontl from alternate
s, first on one 2ilde nnd then on the other, The resultant astion of the
sovernl enreronts and sudecssive chips; Dnstrated in Figs. 61, 62, is, thevefore,
to dleve the animal in the direction of the free borders of the valves, or
posteriprly. [t s due ta the alternate expulsion of the water first from
one e and then from the other, as deseribod, that the animal presents o
stwpession of zigegg jerks in swimming. The dipcetion of e eurrent
allernatels to the two enrs appears to e voluntary, a4 seallops ean seuttle
over the Dottom of a dish in a sidelong direetion by suceessively. expelling
the water at eacl elap from one and the same ear.. The action of the first
curront of water expellod posteriorty, before the mantle walls came in contnit,
gives the opimal sy upward jerk, and it is in virtuo of this jerk, enmbined
with the momentum in a posterior direction, that it maintains ifs positivn
on the surfnee of the water, nnd alse the high angle to the surface: whieh
it presents in swimming. The enrvent driven out posteriovly in the ipitial
elosirs of the valves is so powerful that water may bo souirted by adolts
(o the hoight of five inches or more from the snrface Ly this aetion.

A few additional observations upon the swimming habit may not be
unt of plice. Seallops aoguive the power of swimming ail an carly age,
as they are able to swing i the manger desevibied above soon aller ey
attain 1 millimeter in-size.  The swimmning habit i adopted when the
seallop hecomes less profieient in moving with the foal, owing (o (ke
inereasing weight of its budy.

Sanllops ure enpable of wovements i other divections than deseribed
i the above pavagraph.  Specimens 8 1o 10 awillimelers 1 siz,
when approached ventrally with the pomut of o peneil, snap thewr valves
togithee nnd dart back oo dovsal divection. evidently to gel sway Do
thie peneil, whiel) they allow to ger withiy reach of thele teutaeles hefove
moving, The water is expelled with o guick squivt From the ventral
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portion of the valves. The distance vovered on the baek dart was nhout
10 millimeters, Thiz observalion was made several f(fmes on diffevent
seallops, ond is interesling, as it shows ihat the seallop can foree water
from Qifferent parts of its slell, iy this ease exactly ol vight augles to
its usnal direction. Darts ean fikewise be made in eithor an anterior
or a posterior divection, showing that the body ean be foreed in any
desived course by changing the point of expulsion of water from the
shell. This linhit is of a protective benefit to the animal, as the ordinary
melhad of loromotion wonlil be suell as to carry it 1o an advancing
epemy rather than allow its eseape by a backward *shoot.” This
method is elosely assoeinted with the tactile Fonetions of the fentacles,
and it is only when stimulated that tle seallop makes use of it,

ResTing,

The young seallops as well as the old have periods of rest, during
which they probably feed v mervely lie inaetive. Theve are three kinds
of vest: (1) the seallop attacled by the byssus; (2} lying unattached on
the bottom; (3) Noating on the surlace of the water,

Afltachment, — This position has been defived uwnder * Byesal At-
tochment,” and ouly the appearance of the seallop needs deseription.
The animal 1s probably in a feeding position, the mantle with ils fenta-
cles is extended, the hemt beals slowly, and the food particles rolate
in the digestive traet. In {his positon the animal is keenly sensitive
to stimili and if touched eloses its valves at once.

Resting on the Bottom. — Dnring the injervals of erawling the young
seallops often rest on the bottom for a long time. Even in this vesting
position part of the internal anatomy is eonstantly moving. The cilia
in the gills, in the digestive fract and on the fool are always lashing,
while the foot is often restless and writhes within the shell. The tenta-
eles ave geverally extended and tle <hell gapes slightly open. The heavt
action is less rapid than in eraswling and at certain times seems to have
censad.

The natnral vesting position of the adull seallop is on (he right valve
on the boltom, Very seldom, and then only owing to ascidental over-
turning, does if rest on the left valve, Often on a coarse sand bottom,
pspecially in winter, the seallop excavafes a shallow hole in the sand
and lies passive, hall coneealed in its hurvow. This habit may be pro-
tective in severe winters.

Divifting. — Seallops frequently deift just below the surface of the
water, with the right valve nppermost, some with shells nearly elosed,
others with temtacles and fool extended (Fig. 47). The fool evidently
needs to grasp seuie abject before the animal ean eomtrol the diveetion
of the mation, £ one of the dvifting anmimals iz jostled with a needle
it sinks to the bottem, probably taking in a litile water, Seallops as
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larre ns 10 millimeters have this halit of floating, and scallops of 6
millimeters are often fonnd with tentacles widely spread ont, The
peverse position of the aimal, the right or lower valve heing nppermost,
is not =0 mimatural as winy seem ab fisst, as it can be liketed to the crawl-
g of a fly on the ceiling. The siarlace of the water acts as a wall
upon whiel the seallop, with itz extended foof. can rest; Pecton and
Anemin have been obsorved appareitly erawling, right valve np, on the
snrface of the water i the same manney as on the bottom, only inoa
roversed position, evidently in & similar manner to snails. by mueous
seeretion,

In the ease of the small seallops, the tentaeles, which appear to sup-
port the larger seallops, ave not essential for floating.  Very small disso-
conch seallops, befure the foymation of tentarles, have the floating
habit. and do not depend. therefore. on the tentacles to support (hem.
The habit of floating 35 uselnl e that it probably allows the seallop
thie opportunity to got a better supply of axyzen, and Lo be earried Tvom
one loenlity to another or from one stalk of eel grass to the next hy the
enrrent,

Micramox.

Many remarkable stories eoneerning tle movement amd migratory
habits of the eommon shallow-water seallop have long eivenlated among
the fishermen. Several writers have deseribed sehools of seallaps in
the act of skapping and swimming over the surface of the water, and
have attributed to this speeies the migratory powers of fish. Seallops
are reported to traverse many miles, passing from one part of the coast
to another, eontinnally on the move. Unfortunately, these stories have
arisen from ineomplete observations, whieh, supplemented by the nse
of the imagination, have evedited the seallop with powers it never
possessed,  Tndeed, sa mnel bhas been said eoneerning the swimming
powers of the seallop that people have come to helieve that the seallop
should be considered as a migratoyy fish.

While the bosis of these reports is eorreet, iliere has heen mueh
evacgeration. The seallop has the power of migration only in a lmited
seiise, and although eapable of swimming never traverses far. In a
small bay or harbor it is poessible for the seallop to move fo various
parts, especially if there is a strong eorvent; bul extended aud definite
movements never ovenr. Swimming is a frequent diversion of the seal-
lop, which, after Iving quietly on the bottom, suddenly takes a sliuting
“shoot " threngh the water. The scallop is not built for continnons
traveling, as it seems to need periods of rest betwesn each flight. The
avernge distanee covered in a smgle movement is about 10 feet, while
often it s much less. The longest flight ever noticed by the writer
was about 25 leat, whieh is an ecxceptionally long distanee for the
seallop to traverse al one time: Oeeasionally 1 series follow: in quick
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sueeession, bt more oflen many honrs elapse hetween them. As the
seallop is meapable of mokine eontinned (lights for any distanee its
migratory movements, if stelo it lws, ave limited to certain definite
areas, aml never extend over & Invge Lerritory.

A swimming habit of the seallop, which undonbtedly gave rise fo
the mistaken idea that they swam in schiools on the surface of the
waler. can he observeld partienlarly toward evening, when the sonllops
in the shallow water 1ize 10 fhe surfaee, shoot a jel of water in the air,
aund then, elosipg thenr =hells, sink 1o the bottom.  This fael lias given
rise to another popular fallaey. that the seallop has {0 come to tlie sni-
face (o lveatlie. The renl explavation of this peenliny habit Kes in the
swimming of the seallop. In swinming water is taken in by opeuing
the valves, and is then ejected ou either side of the hinge line. The
geallop, in traveling theongl the waler, is forced to toke an upward
slant fo keep moving, mnd in shallow water the animal soon rises (o
the snefuee.  Not beiig ahle to take iy any more waler by opening its
‘alves, the animal gives one final sgnivt, amd sinks 1o the botlom with
elosed shell,  This strange habit of the seallop i5 readily explained as
the patieal result of the sudden ending of its swimming,

The iden that the seallop makes o definite migration from shallow
ta deap water during the warm months of the summer, and retuns o
the shallow water in the fall, has spread widely. Where this idea
eonld have arisen is wpossible {n siote, hut it has always been eon-
sidevinl n= an established foet.  As far as could be diseoverad by the
experiments and observations, the idea is wholly ervoneons. Seallops
have never heen seen to make any snch definite mizvation during the
snmmer, and monthly records have been kept of seallops in the shallow
waler i o2 many as ffteen loealities in the State, with the result that
no movement of any kind was observed during Lhe whole season. Not
unly were observations made for ane year, but for & period of three
consecitive vears, whicll seems o conelusively indieate that no such
migration ever takes plaee.

Theye ave several posgibilities for the ifregmlny movements of the
scallop. amd the element of ehance lins o great deal {o do with its travel-
ing. If i bed of seallops hapipens to be in o swift envrént the seallops
may be earvied along by the strength of the enivent, whenever the
animals rise in the water. As this is nsually o tidal current the dis-
tanea teaveled G2 not fay, and tle opposite Hide washes them back 1o
the starting place. The seallops in-n heavy wind are volled along the
bottont and an this manuer are earvied some distance. This methad
of migration likewize depends on chance, amd is only applicable to
seallops in shallow water, where they are unprotected hiv eel zrass,
Many seallops arve vearly washed ashove, which is smre ijndieation of
the foree of the waves und Lelplessness of fhis bivalve. Undonbledly
Lhis is the most extensive means of traveling, and i8 probally the only
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one Oof poportenes, A thisd method of ueralion s pussible when the
vorrme seallops are atlached (o vol grass by sleoder byssal (hresds,
When e el geass 38 torn ap e vownge seallvps deill with the wing
pnd tide for long distances. Lo this way looalities thot lave dob il
sellops for vears eann again) be vestooked, Tueersall (S).

Tl senlliup 38 stiory lived, sery few ever veaching the two-year limit.
The majoritye fhevefore. have only e spawning season. [ any
adverse pulpral eondition. suele as a severe winter; kills off the small
“apnl 7 seallops for that year. the total vrop fur the following year
will'he extorniinated, as it 3= o ease whepe there i only one sel of sonl-
Tops spaswviiine al a time, nind goperalions so follow generations fhat nll
the seallops wineh ave too fuenish the spawn helong to the swme sel.
In ihis way the seallop erop of any loeality 18 ofien whally exteri-
nated, and it takes venrs belors it ean again assume its former propor-
vons.  Thus the poeertainty of the seallop erop makes it appear (hat
the seallops migmte Mrom one (own to another, ns one town will have
A ghindanee one year, perhaps followed by a poor season, while the
voverse may he lrne for neighboring fowns  So whal bas apparently
Leen eonzidered a migeation is in veality no migration al all, but is
werely due (o the short life of this interesting mollnsk,

Theye nre several facls that sobstantiale the novemigration of ihe
senllop.  While pone ean be levmed aeinal proof, nevertlieless they
furmish stromg evidence that the scallop as a vule does nol travel far
from its uative plaee. T was found alimost impossible tr obtain detinite
data o ilie movement of ihe seallops. as there was no aceurate woy in
whieh to obsecve then: in (leir native hannts,  One attempl was mide
which gave resalts of negative quality.  Abenl 100 tasced seallops weve
liberated in Nantncket harbor in soeh a loeation that they wonld have
to eross the elinnnel (o el Lo the sealloping geonnds.  The seallops were
tagrod witle coppor wive through the “ear ™ of the shell. which did not
hinder to any extent their wovement, and were liberated in October, al
the beginaine of the seallop seison,  Caveful walele was kept by the
seallopiers on the fishing gronmls, but none weve ever found, indieating
that they had pot teaveled. They were so loealed that the leasl Iraveling
woull have earriodl them to some part of the sealloping lerritory.
The possible ervors wore: too few seallops; interforence of the tngs
with' the traveling and the possibility that they were earied Lo othey
plitees than the seallopine groonds, or thal they weve overlooked by
the seallopers

Wihile there is mueh diffevevee of opidisn among the fshermen as
to dlie movement of the seallop. the majority believe that there is lithle
or i teaveling, basing their elaim on the faet that ey find seallopx
in the same place the gear rotnd, and that the beds shift bot little. New
beds scom to spring ap when the cel grass 8 rolled awey, bt he
seallops probably have been here always, or have been envvied a short
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distanee by either wind or tide, and have not come from miles away, as
has been frequantly supposed.

Tu all the ohservations made by the Massachusetts Department of
Fisheries and Goame on the habits of the scallop reeords have been kept
of the different sels in many sealloping localities 1 the State, and no
ease of extended migration has been recorded. It has been impossible
to make as extended observations iu the deep water as in the shallow,
but there is every reason to helieve that the same conditions hold troe
in spite of the fact that the scallops ean more frequently be cariied by
the current.

A further fact of interest in this conneetion is the distinetion between
the two sizes of seallops, the large chanuel ur deep-water seallop, and
the small shallow-water or eel-grnss variety. These two are tlie same
speeies, bul, owing to the better growing conditions in the deep waler,
the ehannel gealloy is wuel lorger io size. 1 {he seallop were a migra-
tory form, and wenld travel fisst to deep water and then {o shallow,
there wonld be no well-mavked distivetion between {liese two gvoups, as
all senllops wonld be approximaiely the same size. This faet fornishes
excellent proof that theve is no sueh thing as definite misvation,

In conelusion, the matter ean best he snmmarized by staiing that while
the seallop 15 capable of swimming throngh the waterr by its own exer-
tions, it ean never travel any great distance in this way, and that theve
iz no sueh thing as definite voluntary migrations. While no exaet proof
can be obtained there is nol sufficient evidenee to show that the seallop
ever travels, and the weight of the evidence implies that there is never
any mizration. The only possible (raveling of the seallop is eansed by
forees external to the annnal, such as wind, enarent, storms; ete., and is
merely a matter of chanee. Thi eaunot be siyled in any sense a true
migration, and theve is little evidence 1o show that any considerable
distance is traveled by this means.

The non-migratory habit of the seallop is of importance to the seallop
planter if in the course of future events enltural methods are ever
applied. It is also of greal importance to the town, 8s no town may
feel that their seallop erop will lyavel to the borders of the neighboring
townshipn  The sealloping towng ean vest assured that, if the seallop
crop I8 once within their borders, there is sheght chance that it will
ever leave.

RECOVERY FROM INJURY.

Secallops are frequently fonnd with twisted and warped shells, or
othey deformities, Jackson (4) reports finding seallops with portions
of the mantle missing, evidently from the attaeks of predacious fish.
Oceasionally small fish about 1 ineh in length ave fonnd within the
seallop shell.  In many of the growth experiments, where the seallops
were kept in confinement in wire baskets, he growth was abnormal, as
the shell grew in u variety of shapes. owing to the munner of vesting
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agaiust the wire. To observe their recovery From injury, seallops were
treated in novariety of ways: (1) our seallops were nnbinged by break-
g the liganeul; din theee days’ time thees were dead, one was alive;
(2} sundl holes were hoved in shells of three seallops; all were dead in
Hiree days; (3) five with adductor nm=ele badly strained: in three dnys
two were dead, three alives (4) three with valves concked lengtliwise:
i three days one was alive, two were dead; (5) one with valve eracked
along by=sal groove: alive two woeeks later hut shell not wnended; (8)
three with small picee ent oul of niantle edge: m three days two were
alive. one was dead.  The rvesult of these mutilations shows that the
seallop, although wot as linedy as the elam or qoabang, 5 eapable of
pepairing winoy injuvies wllietal by enemies, anid only sneetmbs o the
muore severe hurts.
Feemxe Haeres,

The feeding habits of (he seallop are similar i mauy respeets to those
of the oflior shielltish, as all lamellibravehs obtain their food by means
of the gills, which act as filters or strainers.  The elam and quahang lie
beneath the surface of the svil and veach the water by a fleshy extension
of (he mantle, known as the siphon. The seallop has ve siphon and its
method of life is such that it does nol need an ovgan of this nature.
When in g uatoval position for feeding, the animal rests on the boltom
on ite right valve, the shell maping open at an angle of about 20°.
Closely lining the insdde of the two valves is a thin fleshy snbstance, the
mwantle, desevibed i chapter 11, When extended, the edae, lined with
papillose tentaeles and brightly eolored eves, passes beyoud the shell,
while another portion, consisting of a pevpendienlar lap, sarmonnted
wilh a vow of closely set suard tenincles; aets as a eortain o nearly
elose the infervening space between the open valves.  Insfead of the
speciglized siphon: of the elam, which is in veality only a part of the
mantle, the seallop makes ase of the entive venival avea of this fold to
take i ils food, with (he vesult that a continual stream is passing in
throngh the mantle and going out ot o definite locality in the posterioy
side of the shell.  This portion of the wantle i3 destitnte of muarnd
bentaeles, anud, when (he walls are eloged (ogether, forms a psendn-
siphon,

The food of the amimal, as more fully desevibed in the reporl on the
food of the lnmellibranehinte mollisks, enisists lovgely of certain micyo-
saopie plants, called diatoms. These tiny forms are extremely varied in
size and shiape. They ave easily recognized by their silicions vases and
beantiful markings, wlich have won for them (he name of ** {he jewels
of the plant workl.” They are found in the water evervwhere in more
or less almudanee, and are filtered out by the seallop from the water
which bathes it= gills.

The four gills, which were descereibed in ehapter Tl in addition to
adration of the hlond possess the important funetion of straining food
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Prom the water. Lying free in the body eavity, they are constantly
snrronnded by the fowing water, whiel passes throngh and around the
filamentous bars. When examined nnder a mieroscope the gills are
fonnd to be coyered by small haiv-like cilin, lashing in a definite direc-
tion, These eilia eause enrrents of water to pass over and through the
gills, while other cilin between the filaments set as minute sieves to
steain oul the food partieles, which ave al onee cemented togéther with
a muens and propelled by the ciliary action foward the popnlarly
called “hackbone " of the gills, or the dorsal edge. Here they are taken
up in a more definite channel and swept wiil increasing veloeity toward
the upper end of the gills fo the lower edges of the palps. The palps
are ridged and furrowed like the gills, and the food is transferred to
the month by means of these “ lips. If an excess of food or foreign
miatter is eanghil by the gills, the ammal, by a complicated wechanism,
as deseribed by Kellogg (31, is able to east it off.

The effete matier trom the digestive tract is earried ont from fhe
shell at the postevior pseuda-siphon, The waste in transverse section
has the appearance of a three-leafed elover, Jackson (4), and is of
uniform length. When the scallop lies feeding i thé aquarinm, the
feces pass out at regnlar intervals of about a minute, suggesting a
nearly constanl need of food, The constant flow of water ihrough the
shell shows that the other parts, such as mantle, visceral mass, ete., must
likewize be cilialed as well as the glls, in order to force the flow of
water in one divection, an entively different arrangement from the
ejection of water by the mantle in swimming,

Sexsory Powens,

The exact veactions of (he seallop to light and other external stimuli
have never been worked out, and there remains a wide field for investi-
cation on Lhese points, especially in regard to the effect of light. The
following ave a few meager observations which it is boped may interest
some one to take up the stndy of the sensory powers of the seallop.

The scallop is sensitive to a sharp tap or sudden jar. When small
G-millimeter seallops ave attached to the sides of glass dishes, the valves
remain open, tentacles extended. A sharp tap on the outside of the jar
directly over the animal eauses it to retract its tentacles, but after
repeated tapping the ereature does not seem in the least distnrbed, as
the tentacles remain extended. All motions ontside the glass dish were
nmatieed by the seallop.

At times the adult seallop is quite sensitive; again, the same stimulus
does mot exeite the animal. FEvidenily it has various moods. Jaek-
son (4) states that when spinning the byssus the seallop appears undis-
turbed by pricks, ete. As cold weatlier comes on the animal becomes
less active and fails to respond with its former alerfness.

The eyesight of the animal bas aronsed considerable comment. The
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eyes, so far as concerns the gross anatomny; closely resemble those of the
higher animals, and ave connected to (he cirenmpallial werve by short
nerve fibers. To what extenl (he animal can see is a question. Ohserv-
ors have stated that seallops lying on the cel grass nolice a person
walivg throngh the waler aud swim off. Wlhether this is due to sight
or to the disturbance of the waler is wneertain. It is froe that move-
meuts in the water have nire effect than those ontside, nnd the effect of
shadows oy the seallop may eause it {o withdraw its lentacles. The
approach of enemies is readily recognized by the seallop, wiich scuttles
out of harm's way. Whether this is from sight or other modes of sensa-
tian is as vel nndetermined.

Velizer seallops apparently are not sensitive either to dark or light.
With seallops of 2 millimeters and over, in whieh the eyes or tentacles
are developed, different results were obtained. A few tests were made
with animals of this size in small dishes, covered with black paper,
exeept in ecertain places for lhe admission of light at the will of the
operator. Many of the results were negalive, but a slight leliotrapie
(toward light) tendeney was evideneed.

The young seallop nnder 3 millimeters evidences little preference for
different colors, Tesls along this line have given negative vesults, as
the distribution on aveas of different coloy seemed at random.

Seallops will live in waters that have a density of 1.010 er greater,
one-half =alt to one-half fresh. This has been tested by observations in
different loealities and by keeping the amimals in aquaria with varions
densities. The scallop, compared with the clnm and quabaug, suceumbs
more readily. In aguarin, where these hurrowing mollusks will live
indefinitely, 1t is often difficult even with running water to keep the
seallop alive for more than two to three weeks.

Exeaes.

Owing to its free life and activity the seallop is beset by relatively few
enemies, as compared with the oyster, or, maove properly spesking,
suffers loss destrnction from the same adversaries. Neverilieless, there
are tertain species which prove daugorons and eause the seallop a eon-
tinual strngele to maintain its existence. Naturally in the early life
of the scallop the destruction is mueh greater, and it is necessary to
divide tlie enemies of the animal into two elasses: those which menace
(1) early life; (2) adult

Enemics of the Yaung Seallop, — In the early life of the young seallop
it is not so munch the active nnimal enemies ns the adverse natural
condilions that destroy the embryonie Inrvie, When the fact that only
one of the several million eges liberated by the adult spawning scallop
ever reaches mnturity is eonsidered, [he extent of the destruetive powers
of nature heeomes strilingly manifest. The early life of the animal is
the eritical period of ils exislence, and it is at this point that the young
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muust be shieldod from their enemies. The active enemies of the young
lnrvie can be enomerated: fish, other shelliish and animals of similar
nature whieh snek down (he larva for food, the adnlt seallop ofien
treating her yoing in this manner. Later in life, when the young
seallop is diseernible lo the naked eve, the starfish, erabs, sea fowl and
other predacious animals feed upon i, Seallops of nearly 11% inehes
in size have heen token from the evop of au eider dovk by Jolm H.
Hardy, Jr.. of Cliotham.

But the force whicl ecanses the vasi destroetion is not accounted for
by these netive enemies, It is hroader and fartler reaching in ifs in-
fluence. It is nature, with her vast adverse conditions. Severe wenther,
storms, sudden changes in temperature and in salinity of the water
during the spawning season, sewage and ofher contamination, may
bring about the destruction of the Hoating larve, The localities of set
are such that only a limited area is available for the retention of the
spat. Eel-grass-covered {lats are best adapted for the set, and other
localities genervally prove unfruitful. The larve, uniformly seattered
through the water, arve washed hither and thither, relatively few ever
setling on good ground, the vest either washing ashore or being buried
on slimy and unwholesore bottom. Thus the infant mortality is es-
pecially great and only a very few escape the perils of the embryonic
stage of their existence, These few are now at the mergy of the
elements nutil they have atlained sufficient size {o enable them to take
eare of themselves, On the eel grass they are eomstantly in the danger
of washing ashore. When the set is on shallow flats, for example,
the Common Flats of Chiatham, the scallops are nearly expesed at low
running tides, and thus often are klled by the severe winter frosts and
iee, [Fwven when in decper water, the “ anchar frost ™ is said to destroy
them in greal numbers, but fortunately this eondition is rarely found.

Enemies of the Adult.—The adunlt seallop hos several natnral ene-
mies, including man, both aefive and passive, as well as being subject
to the adversities of nature, for the seallop, by reason of its speeialized
anafomy, is most suseeptible of ali economi¢ mollusks and readily sue-
enmbs {0 an unfavorable envivonment.

{a) The Starfish.— The starfish (Asterias forbesii) is probably the
most destruetive pest of the seallop fshery, and has proved a sonree
of great annoyance and loss lo the scallopers. Fortunately the inroads
of this pest are chiefly confined to one section of the State, Buzzard’s
Bay, and although the amimal is found in some abundance along the
south side of Cape Cod and at the islands of Nautucket and Martha's
Vineynrd, it is not so serions a' menace to the industry, Many of the
Buozzard's Bay fishermen attribute the decline of the scallop fishery
in those waters some eight yvears ago {o {he invasion of the great num-
hers of starfish at thal time. Trom reports by the fishermen the seallop-
ing grounds were literally paved with starfish., and it was wutterly
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impossible for thy scéallops (o eseape destrnetion. I ois well known
how destruetive the starfish is to the ovster beds. and undonlitedly the
seallops woulil not be able to eseape so great a nunther amd mnst have
snflareil soverply.  Capt, James Monahan of Warelan dtes the Yollow-
ing instance: = In the fall of 1888 I loeated a bed of seed seallops
so (hiek Lhat ballf a dredge full conld he oltained al a single drifi.
Noxt year 1 went to the same ploce. aud oo easting my deodges fonnd
thene fall of dead seallops, shells and stacflsh in great nomber.”  He
osfimated that 10 that one leeality 1,000 hushels perishol.

Durine the season of 1807 05 vearly every boat from Warelam
saved the staptish, aod iostend of theowing them overbowrdd, as was
previously the custony, eavrvied loree numbers to the shove, Tnder the
old mathod of eavelessly retnning these pests to the waters they were
spaftered over a wider aven from the hoats, For two seasons previpus
to 1907-05 it is said that the staviish had been deereasing, and that the
return of the seallop fishery alter an absenee of seven years was due
to this deeline.  Many seallopers and oystermen ave anxions for Siate
appropriations for the removal of these pests.

The method of altacking the seallop (Mg, 70) is similar to that used
on the oyster, 1., opening the shiell by means of a steady strain exerted
in opposite directions npon the two valves, The starfish surronnds the
seallop with its long aims or vays, Gve in number, and elasps it in ils
embrace, generally in sneh a way that the mouth of (he starfish rests
just ahove the byssal noteh of the seallop, and the arms are closely
attached to the shell by the tube foet ov suekers., By eserling a steady
pull with its nomerons suckers, and by the tendeney to straighten ount
the long arms, the animal exerts a strong and steady strain on the
adductor muscle, which, though well adapted fo resist a sudden pull,
gradually tires and relaxes. The starfish bas the advantage, as, having
five arms, it ean vest some of them aud yet keep on puolling, while the
seallop has only one musele and has to exert a perpetnal strain. Thea
a curious phenomenon is noticed. The starfish rolls oul its stomach
pied allows it to flow inte the mterior of the seallop, where it digests,
niitside its own body, the soft parts of the scallop. When the meal is
completed the stomach is withdrawn, and the elean seallop shell left
with gaping valves,

Small starfish seem to be the most active in this work of destrnetion,
atul the * sead " seallops are the most frequent objects of their attack,
The only method of reducing this pest, as exterminafion is practically
impossible, is for the seallopers to earvy the starfish taken in drvedging
to the shore,  The oysteymen, who suffer more geverely from the inroads
of the starfish, most commmonly nse a tangle or mop which is dragged
over Lhe oyster beds, the * five finger " beeoming easily entangled, The
starfish are then cither thrown into hoiling water or earried ashore,

(B) The Oyster Drill. — Where the seallop is not found the ovster
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drill (Urosalpinz einerea) (Tig. 068) is generally present. This little
gasteropod mollusk, next to the starfish, is the most destruetive enemy
of the seallop and oyster, and is found in nemly every sealloping lo-
eality, Bearcely more than an inch in height and of an innocent grey
eolor it has proved a souree of trouble to the oysterman, owing to the
impossibility of thoroughly removing it from the oyster beds.

Its method of attack is to erawl upon the npper valve of the seallop
and then pieree a bole in the thin shell, searcely larger in diameter
than a needle, by means of a tiny ribbon-like tongue armed with fine
jeeth. When the boring is completed the animal sueks out the eontents
of the shell. Seallops have been found destroyed by the drill bearing
on the shell a vow of globular egz cases which the drill had deposited.
It is during this process that the seallop has an advaniage over the
oyster. The latter is fived and immovable, the former is eapable of
movement, and by a few well-directed flaps of the shell ean in many
instanees throw off the intrnder and eseape destiuciion. The numeronus
half punetures in many living scallops bear witness to the inability of
the ¥ hover 7 to finish ifs task,

A few observations upon the length of time it takes to bore and eat
a seallop were made at Monomoy Point with a view of determining the
actnal extent of destruction. Seallops were confined with the drills
in boxes with neifing tops. Different numbers of seallops and drills
were used for over & mouth. As many as five drills have been found
on one seallop not in eonfinement, and as many as twoe or three are of
common oceurrence (Fiz. 95). The conclusion arrived at from these
observations was that it took from four to six days for the drill to
pierce the shell sufficiently fo ent the contents, and that the meal was
consumed in abont the same amount of time, At this rate the dnmll
could only eat ahout three large secallops per month, even if nothing
intarfered with the operation, and in the long run the amount of
destruetion wounld be exiremely slight. While the unnatural eondition
of the ponfined animnls may have made the process slow, the limited
area afforded the seallop but slizht chance to eseape from its enemy
and so partially offsets any error.

(¢} Nassa obsoleta, — The third active enemy of the seallop is per-
haps hardly to be classed nnder that head. It is the seavenger of the
tidal flats, the little blaek winkel, Nassa obsoleta, which has the im-
portant duty of cleaning the flats. The actual damage done by (his
animal is eomparatively small, ns it is not an inhabitant of the same
loealities as the seallop as a yule, being found between the tide lines,
Nassa is ecornmonly thought to be of little damage to living shellfish,
thongh it is known to eagerly devour any dead or broken specimens.
Although the damage is of litfle aceount the method of attack is so
interesting that it will bear relating. The scallop when resting on the
bottom with tentacles extended is at times extremely sensitive, and (hen
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again less g0, Nassa possesses an extvemely swell-developed sense for
finding food and gathers around the seallop in numbers. Then a con-
certed action takes place, whether intentional or by aeceident, but it
oeenrs e and time again.  One Nassa fovees ttsell befweon the valyes
of the nuwary seallop, whieh at once close with a snap, but only part
way, ns the little winkel has formed n wedze befween the valves whieh
permits the entranee of move of its kind, which rapidly fall to enting
the contents (Fig. 94). While we cannot aftvibute this mode of
attack Lo any reasoning powers of the small eveatures, the faet remains
that 17 ont of 500 seallops, eonfined i a pen 10 feet square, in fwa
weeks! time were killed in this way. Howeyer, under natural vondifions
this wonld be impossible in the open, The seallopg were observed eon-
tinually to flirt oftf the crawhng Nassa by snapping the valves, and in
this way were able to protect themselves,

{d} Passive Enemies,— The seallop has besides these active enemies
otlier passive foes whieh perbaps do not aceomplish so mueh apparent
damage buf alfect the growth of the auimal and in sone cases vesult
in its deall. Sueh are the enemies which use the same food and retard
thie growth by depviving the seallop of sufficient nourishment. All
otler shellfish, both valuable and of no importance, come under this
bead. Another elass of passive enemies are the eetoparasites on the
seallop shell, the sea weeds, sueh as Enteromorpha, Ulva lactnea, ete.,
barnaeles, Serpnla (worm tnbes), Anomia, Crepidula, oysters from
one to two years old, Acmea, ete,, which not only partake of the same
food but hinder the movement throuch the water, and in eases like
the oyster and serpula, by their growlh in time kill the seallop, in the
anse of the former hy weight of shell, with the latter by binding edges of
the valves together,

(¢) Man.— While the main cavse of the deeline of the natural elam,
gualinug and oyster beds is overfishing by man, the decline of the seallop
fishery eannot be so considered. The scallop has a short life, hardly
25 per eent. passing the two-year limit: so it does no liarm Lo eapture
the warketable seallops which are over sixteen months olid, as the seallop
spawns when one vear old and dies s natural death nsually hefore it
reaches a seeond spawning season. When only old scallops are taken,
ag is generally the case, it is probably impossible for mau Lo exter-
minate the scallops by overfishing. Unfortnnately, in certain loealities
in the past there has been a large eapture of the *“seed ™ seallop, viz,
the seallop less than one year old, which has not spawned, This has
worked the rnin of the =ealloping in these loecalities. The captmve of
the spawners for anotlier vear merely makes (he next vear's sol so
muel smaller, and eanses a rapid deeline.

As n male, it is havdly profitable to eateh the “seed ” seallop, owing
to its small size. Bul a dirert relation can be established between a
high market price and the eapture of seed. When the market price is



72 THE SCALLOI' FISHERY

high and seallops are searve, it becomes profitable to eateh the young
“seed,”  The present scallop law now defines a “seed ™ seallop and
forhids its eapture, Dy protecting the “seed " seallop, the Slate has
done all that ai present appears expedient to insure the folure of the
industry; the vest lies in the hands of {he towns.

So, while the seallop has declined in cevtain localities, and the decline
hus heen hastened by nowise eapture of the * seed ™ seallop, the main
decline of the fishery eannot he attributed to wholesale overfishing, as
it is imipossible to overfish if ouly the old seallops (over one year old)
are taken; for, nulike most other animals, the seallop vsnally reeds but
onee, aid its natural peciod of life is unusually brief, These seallops,
if not taken, will die, and poove a total loss; soevery fisherman should
hear in mind that. ns long ns the “ seed ™ scallops ave protected, severe
fishing of large scallops i= ot likely to injure the fature seallop
industry:

The adalt seullop hias Lo contend agoinst the same adverse physieal
comilitions of nature thal beset the yonng animal. Severe winfers,
storms, anchor frosts, ete, work destriiction npon the helpless seallop.
Exposure to low tides, as on the Common Flats of Chatham, and on the
north side of Cape Cod; exposure to sewage contamination, as in New
Bedi'ord borbor; exposure e an open eoast, as is occagionally the ease
on e south side of Cape Coldy swddon changes in the =alinity of the
water, i.e, by flood waters; the distrihution of tides and currents; the
temperatiee ol the water; the pature of the hattony, —all affect the life
of thits mollusk, and render 1ts existence preearions,

The very natwre of the seallop’s period of life renders it peenliarly
sensitive Lo ndverse econditions, and places diffiealties in the way of its
natnral propagation.

As the seallop dies before veaching its seeond birthday, only one set
of scallops spawn in any one season.  There are never two generations
of scallops spawning at one time. 1 gnote from Ingersall (8) in this
copnection: —

This represents a ease where the generations follow one another so rapidly
that ther¢ are never two ranks, or generations, in condition to reproduce
their kind at onee, except in rare individual instanees, since all, or nearly
all, of the 0ld ones die hefore the young ones have grown old enough to
spawn. If such a state of affairs exists, of course any sudden eatastrophy,
such ns a great and ecold storm during the winter, or the eovering of the
water where they lie for a long period with a ghect of ice, happening to
kill all the tender young (and old ones, too, often) in a particular dis
trict; will exterminate the breed there; since, even if the older aund tougher
ones survive this shock, they will not live long enough, or, at any rate,
will be nnable to spawn again, and so start a new generation.

The set of yonug seallops is abundant in shallow water upon the
eel-grass flats, which often, as is the ecase of the Common Flats at Chat-
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ham, are exposed at extremely low tides. A severe winter often kills
off all the “seed " thus exposed.  In this case no spawn i oblained
the following smmmer, eansing the soppression of the seallop fishery
tn (hat loeality for at least a few years, and possibly iis perinanent
extinetion.

The low temperatore duving the winter, partiealacky in the shallow
waters aid on the exposed flats, 15 olten destraetive to the adull.  Seal-
lops have been obiserved in zero weather frozen, with shells full of jee,
as they lay on the exposed flats of Parker River, Yarmouth, Un-
doubtedly minny die, bot many vecover from heing frozen, as shellfish
will five if properdy thawed ont.  In the sovere winter of 1904405 the
entive crop of seallops was killed on the Common Flats, Chatham, and i
1906-07, 10 per eont, of the * seed ™ on (he Stage Harbor flats, Chatham,
suevtimbed to the dee and colil.  Often the jee seltling on the flals
carries with it the seallops. or leaves them in o dying condition. Low
temporatnres, tides and ourrents work together, as the seallop, vendered
innetive by e cooluess of the water, 5 al the merey of the elements,
and = veadily washed ashove, to perich on the open beaches or high flats.

Porurar TALLacTes,

Many iuteresting but erropesns ideas concerning the habits of
the seallop have avisen among the fishermen, and a brief mention of
severn! will bring tlis ehapler to a fitting close, The length of life of
the seallop lias always heen a pevplexing question. While the majority
of fhe seallopers have dheawn corrert econclusions from (heir practieal
ohservations, o few slill maintain that this mollugk lives for o long
period of years. Arvgnments to this effect are based chiefly npon the
foreign growth, whieh is abundant on the shells of the old seallops.
Suecessive layvers of Crepidula (yuarter deckers or sweetmeats) piled
one on top of the other on the shell are claimed {o denote a yearly
preriod for cach new animal, and large bavnacles, worm tubes, ete., are
vopsidered as indicative a long period of developument, while in reality
these hodies ave the vesnlt of only & few months' aetoal growth.

The wdea that it was nevessary for the seallop to come al least onee
a day to the surface to breathe avose from seving the animals rise in
shallow waler Lo the surface when swinnming. Such a conceplion
appears absurd when il is known that the scallop possesses gills like a
fish and is vol an air-breathing animal. Nwmerons misconceptions as to
s migeatory, swimming, atineliment, feeding and other habits have
prevailaid duving past years, and it is sinecvely Lioped that this ehapter
oo habits may aid in elearing wany misniderstandings about the life
of the seallop,
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CHAPTER V, —GROWTH.

The rate of growth of the scallop, besides being of popmlar 1nterest
among the fishermen, has an important bearing on the development of
the fishery. Owing to its intimate conneetion with praetieal seallop
culture, a detailed study of the rate of growth comprised a large part of
the investipation. In addition fo extending the knowledge of the fisher-
man and defining the praper relation of growth to protective legislation,
several facts of hivlogical interest have been brought out by the expen-
wents, and althiongh pot at present of practieal 1mportance, they are
likewise ineluded for the benefit of persons interested in the study of
the Mollusea.

In the delermination of fhe average growth of any shellfish it is difi-
cull 1o make defiuite stalements, as (he natural eondilions, whieh influ-
ence development, ave varied. The rate of growth for one body of water
is different from the growtli in olher loealities, unless he same eondi-
tions ave present, instanees of which oceur but ravely in matnre. This
faet pot only has rendered difficult (he eoncise presentation of the sub-
jeet, but also has neeessitated o manifold duplieation of the experimental
work in order to satisfaetorily cover the eonditions in Massachusetts
walers, Therefore, the veader must understand that the general fizures
given in the following pages do not hold true for individual loealities
and are but the averages Lor certain sections.

Methods of Inrvesiigation. — The natural eonditions of the seallop
arounds in Massachusetts are dissimilar to the Rhode Island waters,
Buzzard's Bay being the ouly section al all approximating the conditions
in Narragansett Bay, These differences will be bronght out later by a
comparison with the growth experiments of Risser (2) on the Narra-
pansett Bay seallops, The variety of conditions presented in the differ-
ent localities of Massachusetts necessitated an extensive semes of
experiments, eovering the same ground and in several instanees wilth
results at vamance with the observations of Risser.

The opportunities for solving the rate of growth of the seallop under
a variety of natural conditions were especially favorable owing to the
diversity of the different seallop grounds. The average rate of growth
for the different sections in the Btale, as bere presented, is the vesult
of three years' continned observations on sets of scallops under varions
environnients. Exeellent facilities for detailed work on the growth and
length of life for a period of four years were afforded at Monomoy
Point in the nearly landloeked harhor, the Powder Hole, and a large
share of the experimental observations, many of which eould never have
been ohtained elsewhere, were made in this loeality. Inelosed in &
natural agnarium, the seallops cotld be followed from birth to death
under conditions many of which were under the direct control of the
aperator,
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The general work consisted of two parts: (1) at Monowoy Poiut on
the seallops eonfined in the Powder Hole; (2) records of the growth
of the different sets at different localities along the =antbern coast of
the Comnionwealth. The investigations were first started in July, 1905,
and continned steadily through 1006 and 1907, Records were alse
maintained in several loealities for 1908 and 1000, while the work at
Monomoy Point was conlinuons for the whole period. During this
time records of the eomplete sels of 1004 (second year), 1905, 1908,
1907, 1903 were made nt Monomoy, and for the Siate in 1904, 1905
and 1906, Agother division of the work of a different nature ean be
made: (1) experiments in artificial enlture, where the seallops were
confined in pens of wire netting at Monomoy, Marion, Monument Beach
and Chatham; (2) records of the growth under natural eonditions on
the scallop grounds by measuring large numbers of scallops. A deserip-
tion of the methods of work, details of measuring, eonstruetion of pens,
marking of seallops, ete., is given in chapter VIL

General Growth,— The shell or exo-skeleton of the seallop is eom-
monly eonsidered the growing part and any increase in ils size indieates
the development of the animal, New shell formation is the direct
vesult of a previous corresponding growth in the soft parts, whereby
an extension of the shell is necessitated. Tn (ke following experiments
thie shell has heen considered as typifying the developmenut of the body,
and all measurements have been recorded on this basis. The guality
of the meal and the fattening of the tissnes, so important lo denler, ave
not considered under the subjeet of growth, but are discussed in con-
nection with the “ eye in ebapter VI

Shell formation by the seeretion of the thin mantle lining the inside
of the shell has beens deseribed in ehapter II. The shell is built almost
enlirely of lime salts (prineipally the earbonates), which is obtained in
some unknown manner from the water. It appears that the amount of
lime in solition in the water is an important faetor in the rapidity of
growth, but is not as eseentinl ns the nourishment of the soft parts by
the miecroscopic food. The aretual inerease in the rate of growth by an
excess of lime is but slight, as the shell formation naturally depends
upan the growth of the soft parts, and the difference is only evideneed
by thie inereased weight of the shell in loealities rich in lime salts. The
lime supply varies somewbat in the different loealities, and its efficiency
1s largelv dependent upon the eirenlation of water.

In eonsidering the rate of growth the matter of food is of ehief im-
portance, Within limits the growth of any mollusk is diveetly propor-
tional to the amount of food it econsumes. Seallops situated in good
feeding localities will grow mueh faster than those less fortunately
located. The food os stated in chapter TV, consists of mieroscopie
plant forms, ealled diatoms, which ave uniformly distributed through the
water. Naturally the abundance of dintoms in any locality and the
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virculation of water or enmrrent are he fwo external factors in the devel-
opment of the seallop.

Growth of Seallop compared with Other Eeonomic Hivalve Mollusks.
— The limited life and active habits of the seallop require a quick
wnturity and hzht shell, whieh make s growth the most vapid of the
ecouomie bivalves, Awranging these mollusks in order of rapidity of
srowth, seallop, elam, sea elam, ayster and guahang. we find that they
are likewise placed tn respeet (o the weiglit of their shells, the lightest
shell eorvesponding to the fastest growth. From this we can formulate
the general rule that the growth of any shellfish is direetly propor-
tional to the weight of the shell, whieh nol only seems to hold true for
the different species, but is appliesble to varieties of the same species;
i.2., o thick-shelled clam grows more slowly than a thin * paper ' shell
variety:

Variations in Growth. — Many variations are found in the growth of
seallops,  In no two loealities is the size identioally the same, as ean
be seen by comparing Buzzard's Bay, Cape Cod and Island scallops.
This varinlion may be ealled seetional, and ean be altributed to the
differenee in environment, which also applies to loeal conditions. There
is aleo varintion in (he sets. the avernge of ane yvear differing from the
snecepding or precading venrs, The size of a seallop is doe to fwo main
factors: (1) its time of Dirth, either at the heginning or end of
the two months’ spawning season; (2) the eonditions under which it
lives, whether favorable or nnfavorable for rapid growth. Primarily
the environmeni and secondarily the time of the set determine in a
arenl measure Lhe life of this mollnsk. There is another type, indi-
vidual variation, which is important to eonsider in presenting the resilts
of the growth experiments, as il proves thal corveet results ean only be
satisfactorily obfained by records of large numbers of seallops. Risser
(2) remarks on the remarkable uniformity of the individuals of the
set in Narvaganseit Bay. No such uniformity has been found under
the more diverse conditions in Massachusetts waters, and in individuals
of the same sel, espeeially in the young seallop, variations as great as
from 1% ineh to 215 inches have been found at the same time and place.
Between these extremes nll grades ean he fonnd eonverging toward the
uverage. Iiven when seallopg of the same size are econfined in pens
their growth vares, a fact that can only be attrihuted to the individual
traits of the animal,

Girowing Wonths.— Man passes through four arbitrary periods in
life, ehildhood, youth, manhood and old age, attaining his actnal stature
during the fizst two, and only addinzg more flesh as the years pass,
The seallop, on the other hand, eontinnes to imerease in size during the
adunlt period, and in fact up to the time of its deathl has not lost the
power of growth, although the shell foymation in the old scallops is
somewhai slower than in the younger specimens. But the seallop enly




OF MASSACHUSETTS. i

grows half the time, as all shell fonuation is aeeomplished during
the summer months and no inerease in size is found during the eold
weather. This gives the sonllop a vesting time hetween the period of
youth and adolt, and again during its old age, as Wie average life of
the animal is from twenty to twenty-six months,

I following the life of the seallop born in Joly, growth ceaszes dur-
ing December and 18 again resumed May 1 of the following vear, when
the temperature of the water has reached 45° to 50°F, The same seal-
lop eceases growth in the fall, vsually in the latter part of November
{shghtly earlier than the voung set of that year), when the water has
again fallen below 457, Thus; every seallop has two periods of growth,
corvesponding to (he two suommers of its existence, and two rvesting
periods dinring the wintevs. The eause of this cessation of growth is
explained under the topie “ Effect of Temperatare.”

By monthly measurements of the seallops confined in pens at Mono-
moy Point during 1006, the relative value of each mouth was ealenlated
and the variation in growth for different paris of tlie snmmer was de-
termined, In the following table ench month is given a numerical
number, representing the gain per eent. for the month, the entire year
being considered as 100 per cent. (Figs. 84, 83): —

Moxzii. . Per i?nnl. }l MonTa. | Per Cent.,

—— — —I' —_— - l_ ! -—
JAGHATY, = . ¢ v - | Augiishy, « « . 4 ‘ 200,30
Felirunry, ' z . 5 - | Sgptemlr, . . i . 0, 08
Mareh, . .« e s B - (hopober, . . ¥ . . I=.0
Apndl, H x i 3 . - I: November, ¥ . : ~ 15
May, . 5 x C - > LR Drecniher, l

Jomg ! . . . . . san | ' 100, ity
July, ? 3§ o% & A 11,25 II

¥ Deerease bo June apd duly doe ro spawningz.

Length of Life. — Briefly stated, the noymal life of the seallop is
from fwenty te twenty-six months, relatively few seallops passing the
two-year limit.

Previons to 1000, when this proDhlem was first satisfactortly solved
by the commission, the question most often propounded by the practical
seallop fisherman was, “ How long does the scallop live?™ Tn spite of
the diversity of opinion, whicl credited the seallop with livisgz anywhere
from two to five years, the majority of the scallopers helieved that two
years marked the lmil of its lifie, a view which coincided with the
results of tlhe investieation., Both Ingersall (8) and Risser (2) agreed
with this view, hut were unable at the time of writing to furnish definite
proofs, So it fell to onr lot te obtain, throngh a sevies of obsorvations
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covering several years, the necessary data for the actual substantiation
of the popular theory, and for the establishment of proper legislation
for the fishery.

The method of work consisted primarily of continued observations on
the sefz of 1005, 1906 and 1907, following each from birth to death.
The greater part of the work was done in connection with the srowth
experimenis in the different sealloping areas, bui more partieularly
with the seallaps confined in the Powder Hole at Monomoy [Doint,
where favorable opportunity was aflorded for obtaining data on the life
of the seallop. An inclosed. protected body of water, forming a natural
aquavinm of five acres, from which the seallops eould not escape; un-
molested, owing to its being leased by the State for seientifie investiza-
fion; a natural scallop hed with all normal conditions, yet small enough
for diveel control and observation, — were all factors whieh rendered
the Powder Hole of especial ndvantage for the solntion of this problem.
Three sets of scallops were elosely followed from birth to death under
natural eonditions, free from many natural enemies and the interferenee
of man, and practically unable to escape. Likewige, scallops were con-
fined in wire pens for bwo sueeessive seasons and the actual death-rate
of the old end young seallops eompared under the same conditions.

The life of the seallop ean be arranged in four arbifrary stages:
(1) embryonie life or bahyhood, from the time the egg beeomes a living
organism until the animal attaches to the friendly blade of eel grass;
(2) adolescenee, or the period ending when il firssl spawns at the age
of one year; (3) the adult period, from iwelve to fwenty months,
during the later part of which it is veady for the market; (4) senility
or old age, from iwenty months until the animal dies.

This Jast period, that of senility, is the important factor in consider-
ing the length of life of the seallop, as it is the time of physieal decline,
Old age is marked in the seallop hy (1) slower growth and a slight
thickening in shell formation for those speeimens whieh live over
twenty-three months: (2) a degeneration in the large adductor musele
or “eye,”’ shown by flabbiness and diminution in relative size; (3) an
inereasing amount of foreign growth on the shell. One or more of these
signs may be absent in individnal specimens, but all are true of the
general type, Old seallops are more sensitive or suseeptible to adverse
eonditiops than the seallops a year yonnger; and perish under condi-
tions whieh wonld be snrvived by the latter.

The period of senility has no definite beginning. Possibly the seallop
is on the deeline during its adult life, having reached jts maximum
al the spawning season, and then, having outlived its nsefulness, awaits
death. One of the fundamental principles of nature according to the
old school, as applied to the lower animals, is that life exists only so
far as it concerns the reproduction of the speeies, and that animals,
such as the mayfly, live only wnlil they reprodnee, and then perish.
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But with the seallop we have the interesting ease of an animal which
spawns but once and yel lives for nearly a second year, perishing just
on the verge of another spawning season, —an exact contradietion to
this prineiple. This apparent phenomenon might be explained in two
ways: (1) that a few second-yenr seallops are uselul, as they spawn
twice; (2) that probably the shallow-water seallop (. drradians) once
had a longer life and more than one spawning season, as its eonsin the
giant seallop { Peclen fenmicostatus Mighels), and that the present Pee-
ton feeadians is o decadent speeies.

About the frst of Maveh the adnlt seallops begin to die, and this
periad, when the averaze seallop 1s twenty mounths old, is taken as the
arhitrary heginning of the period of senescence. Tn the natural seallop
beds the majority of the seallops are eanglit by this time, while the re-
mainder sooner or later die a natural death, a large proportion perish-
ing hefore May or hefore the twenty-second month, This faet is well
known 1o seallopers who fish late in the season, and there have heen
striking instanees of large beds suddenly perishing, as at Dennis in
Mitreh and Apuil, 1905, After May ilie length of life-is variable, some
seallops passing the twe-year limit (July) and oceasionally living until
the following Oetober and November (tweniy-seven and twenty-eight
months), but the majority of these die before the twenty-fourth month
{July). Exact data upon this subject were oblained from seallops
whieli Lind heen nnder observalion in wire pens al Monomay Point for
two vears. Records of deatli-vate from ol age show that, of 465 seal-
fops alive May 1 (twenty-two months), 32 per cent. remained by July 10
{twenly-four months) and only G per cent. Angust 2. In July these
seallops wounld have heen two years old. Seallops one year old, con-
fined under similar conditions, showed ouly a slight mortality.

It 1=, thevefore, fair to assert that nunder natural conditions, when
nnmolested by the seallopers, but 20 per cent. reach the two-yenr mark,
whereas on the scalloping gronnds, unprotected hoth from nature and
man, he percentage of old seallops whiell reach bwo years is mueh less
than in the inclosed Powder Hole at Monomoy Point, and in all proba-
hility tlie total whieh pass the fwo-year limit is under 10 peér cent, All
males have their exeeptions, and fregnently instances oeenr where seal-
lops of twenty-eight months (recognizable from two growth lines and
general appearnyee) are found. In every sealloping gronnd an ocea-
stonal scallop of this nge or older is dredged. More particnlarly, in
certain luenlities small beds of ceallops which have passed the age limit,
are occastonally fomnd, bot usually the number in the bed is small.
Several small beds and one largd (Common Flats, Chatham, 1008) have
came under the ohservation of the wriler, who by no menns ¢laims
that the two-year limit is a hard and fast rule, bui rather that there
are offen exeeptions, which, however, form bnt a small per cent. of the
whole.
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The age limit of the scallop ranges from twenty to thirty months,
We find that the variation is dne to several causes: (1) the spawning
season, which makes possible a difference of fwo months in the age;
(2) the environment, favorable or unfavorable, which lengthens or
shortens the pevid of life; (3) seasonal differences, as during a mild
winter the ol seallops are nnder less strain than during a severe
season i (4) the rate of growth and eonsequently the size of the seallop,
as the small, slow-growing seallops apparently live longer (han the
Inrge. This was noticeable with the sel of 1907 at Monamoy Point,
which grew very slowly, as compared with the sets of previous years,
owing to the partial d¢loswre of (he opening to the ocenn and the con-
sequent lessening of eirenlation in the Powder Tole during 1908,
These seallops in the summer of 1909, when two years old, wera scarcely
larger than vearlings, and lived nntil the following September before
they begnu to die, at least six months longer than the normal. In pre-
vious years in the Powder Hole a small per cent. of the seallops had
lived until May and a still smaller nwmber until Angnst (tweniy-five
nonths), hui this waz the only set, as a wlhole, to pass to the twenly-
sixth month, a faet probably explained by their small size and frecdom
from Lforeign growth.

The ubove stalements are based on the following facts: —

(1) The wyiter has been ahle to find very few old seallops (twenty-
seven months) duving the fall dredging in waters of the Commonwealth.
The seallop fishermen veport in each loeality the same vesult, with the
exceptions above mentioned. This narrows Lhe limit from general prac-
tieal observation to fwenty-seven months.

{2) The veports of fishermen npon the death of seallops in the
last of the winter and in the spring, as well as the great destruction of
beds at Dennis, Chatham, ete., prove that the seallop begins to die
about the twentieth month of its life. This brings Lhe period of death
and decline between the twentieth and twenty-seventh month, or from
Marel notil October.

(3) The sets of 1905, 1006 and 1007 were followed from birth to
death at the different sealloping sections by ehservations at stated in-
tervals, and the results, exeepl for the inroads of the scallapers, were
eoncinsively proved by dredoing on the scallop gronnds.

(4) Detailed study of the sets of 1903, 1006 and 1907 in the Powder
Hole, where the seallops were eonfined for life, shows conclusively that
the average length of life is two years, even when undisturbed by
dredging.

(5) Reeords from 500 seallops in pens at Monomoy for growth gave
aetual fignres For death from old age.

The econnecfion between the limited life of the secallop and the spawn-
ing season has been considered nnder the subjeet of “ Spawning,” in
chapter ITL,, and it is only necessary to again eall the veader’s attention
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to the importanee of the short life of the seallop in regulaling the
fishery by law, This knowledpe is parfienlarly applicable to proteetive
lepislation. The length of life permits but one spowning season, when
the seallop is one year old. After spawning the average scallop is
valueless for the maintenance of the race, and does nof need protection.
Thus the seallop under one year old, the *seed " seallop, is the only
one that should be proteeled by law. No legislation is neeessary for
the seallop pasi ite prime. Ior this reason restrietive legislution, sueh
as limiting the eateh by the town law, except when it is to the pecuniary
advantage of the sealloper, lo aveid “ glutting ™ the market, is nnneees-
sary, nnd only worlis to the detriment of the fisherman, ns all seallops
not taken will perish before another season. The fisherman should be
given freedom in his drvedging, provided he observes the all-important
“sead " seallop law, as he can eateh all the old seallops without in-
juring in the slightest degree the future industry.

The Growth Line.— The shell of the seallop is inereased by enleified
secretions of the mantle, which add fine concentrie rings to the growing
edge. If one observes the shell closely one will find that it is made up
of microscopie growth lines, due to the method of growth.

On scallops which reach s second snnimer there is found a growth
line, more or less prononnced, which ean be likened to the year marks
seen 11 eross-section of tree-trunks, and is given the name of the annual
growth line. Growth Lines with the oyster are helpful in determining
the age, and this line marks the distinetion between the adult and
“seed "' zeallop, and has attained considerable prominence as the hasis
of the “seed " scallop law.

The annual growth line is formed in Massachusetts waters about
May 1, when the secallops rvesume their growth after the eold winter
months, during which all growth has ceased. Necessanly, during the
long period of nongrowth, from November to May, the edge of the
shell has become thickened or blunted by more or less wear, and when
the new growth is secreted by the edge of the mantle on the inner
side of the shell a distinet ridge is formed, marking the separation of
the old and new growth, The loeation of the growth line varies between
the limits of 10 to 03 millimeters from the hinge, depending upon the
size of the seallop when it eeases growing in the fall. We have already
shown that there is a similar variation in the size of the “seed ™ scallop,
owing to difference in its situation and the time of spawning. As a rule,
the line is 30 fo 40 millimeters from the hinge. In some seallops it is
very prominent, while in others it is diffienlt to discern at first glance;
sometimes the shell shows a difference in color between the two parts,
at other {imes hoth the old and new growth are alike, and il is neces-
sary to run the finger down the sliell to determine the ridge. However,
these enses are the exeeptions, and the average growth line is especially
prominent on the lower or right side of the animal, the upper valve
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usually being covered with numerous growlhs, boil plant and animal,
which may obseure the line.

As the formation of the nnnnal line is due to cessation of growth
during the winter, it logieally Follows that any check for a less or
greater time will eause slight lines, which are entirely distinet from fhe
annual growth line and ave by no means as prominent, being merely
hesvier eoncentrie layers. Growih lines of this sort ean be produeed
on young scallops ot any time by interfering temporavily with their
growtl, The same seallops repeatedly meansferved from the spat boxes
on: the vaft at Monomoy Peint, and kept in an aqnariom for even as
short a period as one day, could be made to produce as many as three
or four distinet growth hines. Large “seed " seallops and even adults,
when {ransplanted from Farwich and Chatham to Monomoy Paint,
wlways showed the vhange by the formation of a line of growth,

The growlh line is nol eansed by the spawning season, as has been
supposed, sivce our invesligations uwpon Lhe effect of the spawning on
growth indieate thal there i1s np cessation during this period [(Juoe
and July), and that before the beginiing of the spawniig there haos
formod dming the wonth of May aboul ' of an neh of new shell.
All onr observations for the years from 1906 fo 1900 haye shown that
the new growth hegins abont May 1, exvept for the varation of differ-
ent years. and that the gvowth lineis formed at a time previous to the
SPAWIITE - Seasnn.

Althougli the growth line appears when the seallop is but ten months
old, it ean forr all practical purposes be eonsidered as morking the first
vear of Lhe seallop’s life. While the spawning season is not eompleted
nutil about the first part of Angust, these dates are included in the
cloged season, which lasts from April fo Oetoher, and in o general sense
thie zrowth line ean be associated with the spawning season, and in the
open fishing season auy seallop with the annnal growth line is ready
for captuve. Risser (2) was the fivst ta advocate the use of the growth
line to distinguish the difference between the adult and *seed,” while
the Commonwealth of Massuclimsetis was the firsl to put into force a
law based on the growth line as distingnishing the adult from the “ seed ”
or immative seallop, which bag pot spawned. 'While we cannot say
that every seallop with n growth line has spawned. we can definitely
state that every seallop withont a growth line lias not spawned and is a
“gpod " seallop. The growth like lias thus proved of zreat practieal
impiortance in seallop legislation, which is based on the facts obtlained
upon the length of life and spawning of the seallop in Massachusetts
walers,

Growth during Spmcning Season. — The spawning season has the
wide limits from June 156 to August 15. The preater part of the spawn-
ing is accomplished during June and the fivst part of July. Corve-
sponding to the spawning period there oceurs aslowing in the rate of
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growill (Fig. 85). Risser (2) has observed a similar occurrencs with
the growth of Rhode Islawd seallopis, but declared that there is a com-
plete check at this period, and Lo il attributes the origin of the annual
growth lige. This veport las demonstvated that the growth line is
formed at an ecavly period. about May 1, by the resuming of shell
formntion after the nongrowth of thie winter months, and has nothing
to do with the spawning season,  Likewise, no decided eleck in the
growth of Massachusctts seallops is found during the spawnibg season,
but ather the seallop continues (o grow at about half its normal rate.
The mouthly rate of growth was determined for 1,900 seallops in four
wire netting peos at Monomoy Point during 1906. It was found, by
copsidering the entive summers growth (May 1 to December 1) as
100 per cent., that the growth during May was 19.76 pey cent., during
June 8.33 per cent., during July 10.35 per ecent., during Angust 20.30
per eent,, showing that the rate of growth for the wonth preceding and
soeceeding the spawning season was over twice os fast as for the
spawning months,

The reason for this slow growth ean be attributed to the coincidence
with the spawning season, and is hest explained by assuming that the
activities of the animal were direeied for that period upen the propagn-
tion of its speeies, and less energy was nsed for the seeretion of shell,
Temperature, the sreat factor in determining erowth, does not have any
influence Liere, as the water during June and July was warmer than
during May and colder than Aungunst. In faet, all naturcl eondifions
affecting e rate of growill were eliminaled, leaving the spawning
season as the direct canse in the lessemng of the rate of growth.

Girowth of the Young Seallop.— The young seallop at the age of
forty-eight hours has inereased iu size by the formation of the embry-
onie shell.  Previons to this time the eiliated larva was searcely larger
than the original egz. The perviod of fivst shell formation marks the
beginning of real growth, which eontinnes for the entire life of the
senllop during the smmmer months, Since the growth during early life
has been deseribed in chapter IIL, it is only necessary to consider the
growth after the scallop has become readily visible to the naked eye,
e, about 14 of an inely in size.

The time of appearanee of the set depends npon two factors, (1)
loeality; (2) year. During 190G the visible appearance of “set ' was
recorded as follows; (1) Powder Hole, Chatham, August 75 (2) Stage
Harbor, Chatham, July 24; (3) Edgartown, August 3; North Fal-
maonth (Buzzard’s Bay), July 20; Mavion, July 20; showing a difference
of fonrteen doys between two bodies of water not 10 miles apart, and
an estreme variation of eighteen days. At Monomoy, between 1905
and 1008, the sets have appeared as early as July 24 and as lale as
Auvgnst 7, showing the inlluence of scasonal change,  (These dates da
not indieate the first appeatance, but when the average set was readily
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diseermble to the naked eye.) Stragelers ean be found weeks hefore
and after, due to the length of the spawning season.

The yate of growih of the young scallop is affected by the same
natnral eonditions as the ndult. Between the sizes of 1 and 15 milli-
meters, the average gain per day is (.5 of a millimeter (about ¥ of an
ineh), As the seallop imereases in size the actnal growth beeomes less:

The habit of attachment is of great importance to the seallop, not
only occasionally saving it from destruction on fonl bottom, but raising
it in o paesition where the little animmal ean obtain a better food supply,
thereby favoring its growth. Eel grass from its abundance proves the
most eommon place of aftachment, but is often detrimental to growth
by shutting off the eireulation of water. 1n eomparing the growth of
small seallops in eel grass and oculside, the eel-crass seallops show a
slower growth.

In summarizing the growth of the young seallop the following points
are important: (1) the actual growth begins only with the fivst shell
formation; (2) the time of set varies in regard to (a) loeality, and
(b) vear: (3) the growth up to 15 millimeters averages 15 of an inch
per day; (4) growth becomes less and less as scallop increases in size
hevond the 15 millimeter mark; (5) power of attachment aids growth;
(6) eonditions poverming growth are the snme as for adult; (7)
growth of the young is faster than for yearling seallops, both in (a)
actual gain, and (D) in volume,

Growth af the Average Massachusetts Scallop. — Owing to the varia-
tion in the growth of the scallop in the different localities, it is diffienlt
to strike more than an approximate nvernge for the size of the vearly
sots and the typical Massachusetis seallop. Two elasses of seallops are
found, (1) the shallow-waier or eel-grass scallop, and (2) the deep-water
or channel variety. The following tables are eompiled from the average
growth in the different localities for a period of three years. The height
of the seallops is given in millimeters, 25.4 millimeters being equivalent
to 1 ioeh.

The Average Scallop.

| AvERAGE SizE (MInpaweTERS),
S Fer Cent.
: | May 1 December 1 Gain in Volume.
I {Ten Months), (Seventeen Montha),
1004, . » v ) A ¢ 33.40 60.99 032,75
1905, -« ’ . . . 5 &5.50 B2, 30 525.78
08, . V . 5 - ‘ 81.83 AD. 91 BTS04
Avernge, . . - . T 6h.27 612,10
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Size of Scallop (Millimeters).

JATS (-8 I § R 11N 100G, LELLIITN l Avaragn.
AR Loy = s e aon | | 2,00
Sept. 1y . . . . . 1240 120
et 1, . ' . W i 23,0
Nor. '), . s . - 300 3,11
fiee. 1, 3 . 3340 3.
May 1. o m s .40 | .24
dune 1, . W . i . AE.E0 34,51
July 1, . L | 41.15 41.77
BT 5 = $4.0 07
Bopl. 1, « . . . . A4 .08
ek 1, « . . W 3 i I8 53,41
Nov. 1, < A i . . GO, A0 8085
Dee. 1, - . . T 1.

Growth in Varions Localities.— The growth of the scallop is largely
determined by its environment. Owing (o the diversity of natural
eonditions within small bodies of water more definite eonelusions ean
be drawn from special localities than by comparing one loeality or
section with another. owing {o the difficulty of determining the average
growih for =0 large an aren. Nevertheless, if is of interest to compare
the growths in the different parts of the State in a general way, without
making {oo fine a distinetion between the individual towns. The follow-
ing figures are based on a large number of measurements of several
sats: —

Size of Scallops (Millimeters),

THE IsTANDN I The Cark, Buzzann's Bay,
Daze, ) LWl (| North
Nantucket. Edgartown. | Chathani. | Monomoy. || gy oy | Marion.
[ | .

Aupg.l. . ‘ ¥ 2,00 2.0 |

Sept.d, . l @ 1053 (18 1]

Ot 1, - . . 10.47 150D

Nov.' 1 | . 27.59 20.02 L1}

g, = e 6y, 70 | 26,45

Mav 1, a - 2,58 248

June 1, B . .5 2,14

duly 1 . . JA.04 5451 T

Aup. 3, . 4002 .8 5

Sept. I, > dfi 02 43,59

0ot 1, - “ . 4193 48,88

Nov.'1, » . . 2 il 5649

Der.: 1, . - i 05,13 | 56,13

Comparison of the Different Sets,— In the second table given under
the average Massachusetts scallop a comparison of the different sets
can be found for the whole scalloping distriet. A better idea of the
variation can be given in comparing the sets for four years in the same
loeality, the Powder Hole: —
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|i Sk (MonaeTees),

Ber, Number, ||

| May 1. Dacember 1,
1904, W ST g 200 ETIEES ‘ 1.5
1905, . » . - . . W) 34 .0 .00
1, v . - 30 | 25,00 ’ 59.55
007, - . “ - Wy | 21,50 | 42,60

The 1907 set was pecaliar iu showing a muech slower growth than the
previous sete. This was due to the partial closure of the entrance to
the Powder Tole during the summers of 1007 and 1908, which deprived
the seallops of the eivenlation of water which they formerly had. This
peculisr set has already been discussed in conneetion with the lengih of
life of the seallop, as nearly all veaclied the age of twenty-seven months.

Comparison with Bhode Island. — A comparison of the rate of growth
of the different sections in Mnssachuselts with the Narvaganseft Bay
seallops shows that the average Massachnsetts scallop is much smaller
and less rapid in growth than its neighboy, excepl i the Puzzard's Bay
sectioy, where the conditions more nearly approximate Narragansett
Bay. This difference is probably due to the warmer water, which per-
mifs earlier spawning and more vapid growth, The Rbhode Island
fiznres in the following table ave taken from ihe report of Jonathan
Risser (2) in the Rhode Island Commission of Inland Fisheries, 1004 : —

Size of Scallops (Millimeters).

Dare. [thdnhlnd.l B"g;_‘"“ | Gipevon. | Tatunin. S tisn Mk
Qe L a ) 42.00 7.8 a8 18,93 2820
Deo, 4, - . 4450 T E 33.76 gt ] .
Jan. 11, . . T 00 41.85 33,54 25.60 .24
Ml 26, b L 5630 41.35 33,78 27.60 4.9
April 21, S - 5E. =0 41.35 -6 2540 sl
May 30, T 80.00 6.9y A0.03 33. 44 3401
July' Ly e . G0, 00 18,34 T 35.00 &1.TT
Aug. 1, T E 02,75 e | w00 55,08 AdmT
Sept. 18, . A L0 50.02 ’ 52.31 P 3340
O 3% 2 & 74.00 3.4 57,06 33.80 5811
Nov. MW o - 1,00 gB00 | E0.10 55:5 £0.98
Dee. 1, =11 3 R, 00 €6.23 | 60,40 E IS E] 61.37
Jos. 11, = G 500 6,37 ! i 40 37,18 fil27
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Age und Growth. — Wit the exception of (e winter months (De-
eember 1o May), during whieh no growth takes place, the scallop con-
tinnes to ineresse iy size until its death. The proportionate growth ns
determiied by the yolumetrie nerepse steadily dimimshes after the
perind of fivst shell formation (the velizer or embryonie shell), On the
othor hamds the actual eain i ineles or milliniclers 38 approximalely
constant for the fivst summer, then slowly decreases during the second
and oven third, provided the animal lives beyond the two-venr limit.
The point 15 well illnsteated by the following experiment: seallops of
the 1004, 1905 and 1006 sets were suspended in wire eages nnder simi-
lar wemditions from a raft at Monomoy Point for a period of fifiy-
thivee doys during the =wmmuer of 1006 (e 8G). The smaller
(vounger) seallops showed a greater eapacity for growth both in acinal
inerease and in volume. The 1904 <ot pave an actual inevease of 2.10
millitieters in height, or 112 per cont. in volnme, a return of less than
& bushels for every bushel planted: the 1905 st 3.94 millimeters
i height, or 125 per vent. in volume, o vetien of 114 bushels; the 1906
set 10,80 millimeters in beight, or 309 per cent. i volume, o return of
over 3 bushels.  From these figures it is evident that the “seed 7 (1906
sot) pave about twelye times the growth in velume of the yearlings
(1003 set ). and twenty-five times the growth of the 1904 scallops, which
haal lived beyond their allotted life: and thnt there is o suecessive de-
epea=e, hotly numevieally and volumetrieally, in the rate of growth with
the aging of the seallop.

Environment ond Growth, — Two great faetors inflaence ull animal
and plavt life, — Levedity and environment. In the case of the seallop,
environmen! seems to possess the preater influence on the variation
of the species, as varielies are move dependent npon the natural sur-
romndings than upon lhereditary chavacteristics. By environment is
meant the natural conditions within which the animal lives, and which
determine jts stenggle for existenee, The guestion of food, enemies,
expusiie. proteetion, sitnation in large or small bodies of water, in or
ont of fidal euvrents, temperalure, ele., are all factors influencing to
a more or less extent the life and habits of the seallop, making it large
ot small, heavy or light shelled, firm or poor meated, ete. Particularly
with marine apimals does envivonment largely defermine size, shape,
habiiz and rate of growth.

With many aquatie gnimals layger specimens of thie same species are
Tound in the great bodies of water than iu the small, showing that the
aven of water, either by a more plentiful foud supply or in other ways,
determiines (e general size. Looking at (he matter from o different
standpoint, that of enrrent, it seems that seallops which have the greater
mwonnt of water passing over them (which ean be compared (o resi-
denee in n larger aren) ave larger and of faster growtl than the seallops
which do niot have the same volume of water,
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(@) Growth in Respect to Current.— The most important faetor in
chellfish growth is a good eurvent of waier. The use of the word cur-
rent does not mean necessarily a rapid stream or an exceedingly swift
flow, but a good cirenlation of water over the bed. -

The chief office of Lhe e¢urrent is as a food carvier. The seallop ob-
tains its nouvishment from microseopie plants, ealled diatoms, which are
found thronghout the water. The amount of this food is approximately
uniform, and the seallops situated in a current naturally receive more
food than those in still water. With mollusks the growth is directly
proportionate 1o the amount of food, and the scallop receiving the most
food increases in size most rapidly. A homely comparison ean be made
by likening the scallop in the eurrent to the man seated af a moving
lunch connter, who is able to continually obtain a new supply of food,
while his npighbor at (he stationary table (the seallop in the still water)
is limiled to the food within véach, Tor all praetical purposes current
means food, and within limits the increase in curvent indicates the
increase in the amount of food, (hus furnishing an index for the rate
of growth. Theoretically, other factors enter inte the problem, such
as (1) variations in the amount of food in different localities; (2) the
feeding eapacity of the seallop, since beyond a cerlain maximum value
an increase in current means no inerease in the amount of assimilated
food; (3) the freedom of the waler from contamination and sill, which
impedes the feeding powers of the animal, The shellfish enlturist can
take the current as his guide for planting, and follow the tnle that,
‘as long as the flow of water does not harm the planted shellfish in other
ways, the swifter eurrent gives the faster growth.

Cityrent not only brings food to the seallop bnt alse furnishes the
lime in selotion whieh is utilized in building the shell, a process as
essential in the growth of the seallop as the nourishment of the soft
parts by the food in the water. The amount of Lime in solution varies
in different waters, but this difference is largely obviated by the changes
in the enrrent. As an example, a seallop will grow no faster in water
rich in lime which is comparatively stagnant than it will in water rela-
tively mueh poorer where there is a stronger eurrent.

The third office of the eurrent is a purely sanitary one, It sweeps
away the decaying vegetable matter so destructive to scallops situated
in thick eel grass, and all other poisonous débris whieh would otherwise
kill the scallops by contamination, or at all events would check their
growth,

The relationship of current lo growth Las heen experimentally shown
in several ways, all of which demonstrate that in the ease of the seallap
enrrent 15 the main essential for rapid development. The following
observations and experiments are ecited as confirmatory evidence: —

(1) Eel-grass v. Channel Scallops.—In observing the eatch from
the seallop beds, it was recorded (hat the larger scallops always came
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from the deep waler or clianmel, while flie smaller were taken in Lhe
el grass o shallow water, This difference held true to such an extent
thul the seallop fshermen eould tell by the appeavanee of the scallop
front what seelion of the bed it came. The shallow-water seallops are
wiieh smaller. usually proportionately thicker, and have not the large
“eye” and fine appearance of the ¢hannel seallops, which are preferred
by the seallopers.  From a study of the natoval eonditions of the scallop
beds, it appeared that this difference in growth was not due to the mere
change in the depth of water but was due to eurrent. The chanuel
seallops on clear bottom reeeive better circulation of water thau in the
eel mmss, which ents off nearly all flow of water, Places were found
where seallops in deep waler without enrrent showed no move growth
than the shallow-water variety, winle, on the other hand, shallow-water
seallops situaled pear the month of an estuasry where the tide flowed
swiftly back and forth were nearly as large as the deep~-water variety.
Therefore, while the general distinetion between large and small seallops
appenss to be merely that of deep and shallow water, the fondamental
reason 1= the presenece or the lack of eurrent.

(2) Pewned Scallops af Manamoy Point,—Two pens were loeated
in the Powder Hole al Monomoy Daint in 1006, The first was leeated in
an nnfavorable situation in shallow water, in thiek eel grass which shut
off all eiveulation. The seeond pen was localed in a more favorable
situation, where the eel grass was thin and a genile eireulation was
caused twice n day by the inflowing of the tide. This pen was situated
close to the shore and was by no means adapled for more than ordinary
growth. In eomparing the growth of the two pens from May 1 to
August 1 for the same sized scallops it was found that pen 1 gave a
gain in volume of 12 per ¢ent., while pen 2 furnished an increase of 35
per eent. for the same sized seallops, or nearly three times as fast as
pen 1. This foroishes a conerete example of the effect of the lack of
cireulation, as other condilions were very similar in the i{wo pens,
which were situated only a short distance apart, in the same depth of
water, and about the same distanee from shore,

(3) Baskei Growth on Raft and on Shore,— Seallops of the 1906
set were obtained from Stage Harbor, Chatham, Sept. 7, 1906, and
snspended in wire baskets from the raft (Fig, 79), and in pen 2 near
the shore, The seallops on the raft, which was located in the deepest
part of the Powder Hole, received the best cireulation of water and
showed a swrprisingly fast growth. The difference is bronght out by
eomparing the raft growth with the natural growth of the Stnge Havbor
set for the same time, and for the basket growth in pen 2 of the same
set af seallops. The gain from September T to November 22, a period of
seventy-six days, was 17.28 millimeters for the raft, 14.08 wmillimeters
for the Stage Harbor seallops, and 10.40 millimeters for the shore.
Considering the raft growth as 100 per eent,, Stage Harbor wonld be
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81.48 per cent., and the shove 60,18 per cent. The actual gain in volume
for each loeality wonld be yaft 662 per ecent., Stage Harbor 475 per
cent,, shore 203 per cent. (Fig. 88),

() In companng the growth of penned seallops during 1906 st
Chatham, Powder Hule, Monnment Beach and Marion in vefervence fo
the natural eonditions, the pens with the best civenlation of water
invariably showed (he fastest growth, as can be observed in detail by
reforring to the table nuder artificial gyvowth,

(3) The Stage Harbor Set. — An exeellent opportunity for observ-
ing the effect of enrrent on the growth of young seallops was found at
Slage Harbor iu 1006. The set was loeated at the entrance o Stage
Harbor on a fal extending aliout 90 yards from the east shore to the
ehanmal, which curves close to Harding’s Beach, on the opposite side.
Thick eel grass covered this flat exeept near the elmonel, where it grew
seatteringly. The waler at menn low fide is from G to 9 incles deep
over most of the flat. gradually deepening at the edge of the eel grass
towayd the ebannel, The vise and fall of the tide is abont 215 faet.
Al low eour=e tides the preater part of the fat 15 exposed. The differ-
eiiee 1n the flat 15 mostly due to the tide, which sweeps in and out of the
harbor at every vise and fall, so that there is a strong envrenl always
rupning in the ¢hannel. The result is to give that portion of the flat
near the ehannel more enrrent than the portion further away, and the
part near shove hardly any. The young seallops were evenly distributed
over the flaf, althongh the channel portion was not so heavily set. 'The
growth of seallops of the 1906 sel ‘was followed by dividing the Hat
mito three seetions. passing from the shore to the channel; each roughly
30 yards wide, and by measuving the average size of seallops in each
of these sections al different dates; Four measmrements were made,
Oet. 26, 1906, Apnl 4, 1907, May 1, 1907, and July 1, 19007, By caleu-
Inting the difference in the rate of growlh and size at each date, the
following fignves were obtained. Giving the avea near the channel
(the area of fastest growth) 100 per cenl., the middle portion wonld
have o valoe of 87.04 per eent, while the shore section would have
T7.79 per eont. These flgnres eonelugively show the effect of loeation
on the growth of seallops, as in this case seallops of the same set mani-
fested o much greater gvowth when sitnated near civenlating water.
Placing the same in measnrements as taken July 1, 1007, when the
seallops were exactly one vear old, we would have in eurrent portion
seallops 42.8] millimeters in size, middle, 37.77 millimeters, shore, 32.95
millimeters, showing a difference of nearly 10 millimeters between the
curvent seallops and the shore, possibly 70 yards apart and of the same
get. Compuling the growth of the standard seallop (25 millimeters) for
each of these aregs for a definite period, the following comparative
gains in volume, 482 per eent., 280 per cent., and 146 per ceni., were
obtained (Fig. 87).
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(0) Growih omd Seil.— 1t is impossible to slale definitely the exact
effoct of soil npou the growth of ihe seallop, The eharacter of the
battomy apparently alleets the growth but hitle, ns the scallop rests only
on the surface and is coustantly shifting its position, In this way the
seallop is different from the quabang and elam, which lie binvied voder
the surface. While the adull seallop is little affected by the natuve
of the soil, the voung seallop would soen perish in soft mud were it not
nliached (o eel evass durving the eavly period of its life. The best bottom
seenis 1o be o tenagons sand (sand with a shght mistove of mud) with
thin eel grass. The most emmmon fype; that of the shallow {lats, 1s of a
sandy nalure with vavions thicknesses of eel grass, In (he case of the
large channel senllop, the seil is either sand, sravel, hard mud, shells,
with but litlle eel grass,

The only means of influeneing the growth 1= by the action of the
organic acids in eertain soils which affeet the ehemieal composition of
the lower valve. the only part of the seallop in eontact with the soil.
Sometimes in cold weather the seallop sinks down in little hollows in
the soil, bringing more sarfoce in conlact with the boflon..  Firtu-
nately, loealities of injurous nature pre of infrequent ocenrrence on the
seallop grounds and are himited in extent,

(e) Growth in Eel Grass.— The soil indireclly affects the growth of
the seallop by the production of cel grass, which is found i more or
less abundanee on the seallop beds. Fel grass, espeeially on the shallow
flats, oceurs eitler as (1) thiek clusters with apen spaces inteivening,
(2) thinly =cattered or (3) thick masses. Only in tlie last case is eel
grass a serious eheek to growth, as it (hen ents off a proper eiveulntion
of wator, which is the main essentinl for rapd development, althongh
in the other two types there 1s moye or less interference, according Lo the
thicknesz of the eel grass. DBy a eomparison between gvowth un elear
samd bottom pud 1o thiek eel grass, where other conditions were approxi-
mititely the stime, the seallops on the clear bottom show a greater rapidity
of growth than those within the grass, showig that e difference was
mainly due to.o lack of eiveulation;

(d) Effect of Temperature.— The factor next iu importanice to cnr-
reut in determining lhe growth of the seallop is temperature. The
seallop needs a temperature over 45° F, for growth, thus differcntiating
the growing months (May 1 to December 1) from the winter months
(Fig. 80). XNatovally. eessation of growth woeunld be attributed to a
laek of food. Wlhile by actnal connt there is a decrease in the amonnt
of fuod (dintoms) in the water abont December 1, it is nol suffieient to
account for the cessation of growth at this date. Indications point to
the faet that the activily of the seallop iy procurving food has declined,
as the animal has become sluggish with a lowering of the water tempera-
ture, and during the winter months vemains et on the bottom, nestling
it ittle hollows in the sandy sail,
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Waters of high temperature nsnally show more rapid growth, proh-
ahly due to (1) the earlier start in (he spring and longer season, (2)
more rapid growth throughont the smmmer months from an inereased
food supply. Diatoms multiply more rapidly in warm waters and fhe
food snpply is cousequently greater. The efieet of temperature can be
cgen by comparing Lhe seallops of (lape Cod and Buzzard's Bay. The
former do not pttain the size of the latter; which ave the largest geallops
prodnced in the Commonwealth. The same comparison holds true
between Rhiode Jsland and Massachusetts, as in the warmer waters of
Narragansett Bay the seallops develop more vapidly. While in both
eases other natural eonditions play an important parct, it s only fair
to assume that temperatnre is a most important factor,

(e} Growth and Salinily.— The oyster is exiremely sensilive to
changes in the salinity of Lhe water, both in regard to spawning and
erowth. The growth of the scallop, on the other hand, is not materially
affected by (hese clianges. A sodden decrense in salinity, as after a
severe rain, often kills young scallop larve, and transferring seallops
from water of one density to another during the breeding season hus
been found to check (he spawning,

Sealleps are found in waters ranging in density from 1.010 to 1.027,
f.¢., an equal mixinre of salt and fresl, as in mouths of rivers, to
extreme salinity. Rough experiments have demonstrated that scallops
live and grow equally well between these limits, and thal any differences
i growth are due to other conditions.

(f) Depth of Water.— The question of the most favorable depth for
growih is of importance to the scallop planter. In nature seallops are
found at any depth, from flats exposed at low tide to 60 feet, although
the nsnal limits are less than 25 feet. In toe shallow water severe
winters destroy the sets, so Lhe seallop should be deep enough to escape
the ice. As shown hy the channel v, eel-grass (shallow water) seallop,
the greater growth ocewrs in the desp walers; but, ns has been stated,
this is essentially due to the hetter eirenlation in the channel.

Scallops were suspended in wire baskets from the raft in the Powder
Hole at different depths during the summer of 1506. The water was
90 feet deep. Four baskets, each containing 100 “seed " seallops
about 20 millimeters in size, were suspended for sevenfy-six days at
6, 7, 8 and 914 feet from surface. When measured a regular decrease
of ahout one millimeter per foot was found, the 6-foot basket evideneing
the greatest gain, and the rest less in definite order, ending with 9%%-
foot basket. These figures indicate that the best depth for this partienlar
locality was abont 5 feel from the surface. Similar experiments with
older scallops gave negalive resulis.

Artificial Growth.— The grealer part of the growth experiments on
the seallop were eonducted under the artificial conditions that wonld be
employed in seallop cnlture, JIn order to reeord the rate of growth
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correctly, it wag necessary Lo Iave some nieans of eonfining the seallops,
This was done in three ways: (1) pens of wire netting; (2) wire eages;
(3) an inelused body of water, the Powder Iole, Only the first two
ean propeely he considered ariificial, az in the TPowder Hole the seallops
were Lo their uatural environment. The records were taken al monthly
inferyals, three measnrements being taken of epel seallop.

The pens were loeated at Monomoy Point, Chatham, Nantucket, Mon-
ument Beacl, Marion, and in the Annigquanm and the Essex rivers. The
size of the pens ranged from 40 to 400 square feet, either of suificient
beight to extend above the average tide, or covered with a netling to
prevent the seallops esenping, The posts were made of 2 by 3 feet
joists fArmly fixed in the soil and placed at suflicient intervals to hold
the netting tant. Wire netting (114-ineli mesh) and old seines were used,
tle greatest difficulty being (o secure the bottom firmly, whieh was done
by base-bonrds and by fastening the netting in the sand with long
wooden pegs. (A complete deseription of the constinetion of the pens
ie given in chapter VII,) 1t is only fair to state heve that pens can
probably be improved in soeh a manner that better results can be ob-
tained, and many of the diffienlties of artificial enlture can be eliminated.

(a) Artificial compared with Naturel Growth.— Tor some reason
the scallops in the pens do not grow as rapidly as the nneonfined scallops
in the same loeality. This is proved by a comparison of the growth of
penned and nnpenned seallops in the Mowder Hole in 1003, and also by
the table of comparative growths in the pens in the vavions loealities
furing the snmmer of 1906, In the first ease the growth approximated
14.30 millimeters for the peuned, as compared with 25,04 millimeters
for the unpenned, showing a gain of 10,74 millimeters, or 75 per cent.
The average growth from five pens was 16.77 millimeters. as compared
with 26.20 £or the nnpenned, showing a difference of .52 millimeters,
or 56.8 per cent. Tt seems pecnliar that merely limiting the range of
the seallop should have this detrimental effect upon its growth. Several
explanations are in order: (1) lack of food by overcrowding in the
pens; while this is a very probable explanation, as the scallops were
much thicker in the pens than without, it does not seem to hold true
for the pens whieh contained but few scallops, as these no wise differed
from the others; (2) the acenmulation of seaweed and other plant life
on the meshes of the metting, whieh prevented the proper degree of
eireulntion; (3) the lessened activity of the scallop as compared with
the freedom of those without, i.e., lack of exervise; Probably to no nne
of these explanations ean he atiributed the whole canse, but rather that
-all three are more oy less invalved.

This faet, when applied to scallop eulture, is importaut, as the planter
would naturally be desirous of al least altaining as good a growth, if
not hetter, than under natural eonditions, and yet if he confines the
scallops in small pens ke is nunable to obtain a mazimum yield, There
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18 no repson to believe that this diffienlty eannot be overcome hy the
coustruetion of improved pens, and by requisite eare in eleaning. On
the other hond, as is staled in ohnpter VI, nnder * Artificial Cultnre,”
seallop enlture ean only be suecesstully condneted in inelosed bodies of
water, sinee the expense of evecting pens would offset the profits,
T'ens shonld merely be used to lolid the immediate eatch for market and
rarvely utilized for rearving purposes.

FPenned and Unpenned Scallop Growth in 1906,

Prungn, l| UHFENNED.
Egcdmos: Hain ! Gainin ‘Iu}nmn-|| fiain Gain in Volume
(Millbnetera). | (FPor Cent.). || (Dillimeetera), | (Per Cent.).
Powder Hole, . . . 15.84 $06..00 ” 5400 965, 00
Chatham, . 4 = 'l .25 726,00 .I 2040 31,00
Monument Deneli, ‘ s 18:00 411.00 I .50 THO.L00
Marion, v i . i 1100 280, 00 | .35 T20.00
Avernge, . = 16.77 3600 26.24 525,00

(b) Resulfs from Aritificial Growth, — The zreater part of the points
enumerated in this chapter were ohtained from the experimenis npon
eonfined seallops, which, althongh merely approximating uatural condi-
tions, were the only means available foy arviving at definite conelusions
apon the arowth of the seallop.  For eomparative work and as supple-
mented by definite obzervations oy the nafural beds, they proved of
grear value in respect to the following: (1) length of life; it was neeces-
sary to confine the scallops to ascevtain the duration of life, which
results were supplemented by nse of taceed and uwneonfinedl seallops;
(2} the growing months and the relative seonomic value of each month,
mainly defermined from the pen experiments at Monomov; (3) the
eomparative rate of growth of the different sizes, determined from pen
and coge experiments: (4) growth during the spavwning seasen; (3)
the effect of environment and natoval eenditions which affeet the rate
of growth, resulting from (a) eurrents. (5) seil, (¢) eel grass, (d) lem-
peraturé: (6) density; (7) depth of water, These were determined by
a comparison of the natueal eonditions for each pen and fthe effect
which each hiad upon growth.

Among others, the following facts have been demonstrated by arti-
fieial growth experiments: —

(1) Seallops transplanted to Waters North of Baston.— Three pens
were planted in May, 1906, two of these in the Essex River and one in
the Annisquam River, with secallops hronght from Cape Cod. Unfortu-
nately, no records conld be obtained as the pens were swept away by
the swift tidal emrrents of the norih shere rivers, and bo trace of the
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seallops were obtmined,  Undonbtedly (here are but few places in these
rivers where the (emperaiurve and othier conditions ave snely thal brins-
plasited seallops enn live. As a whole, the region is nosnited fur the
seablop and no industey ean ever be expected.

(2} Deformity of Shell of Scallops yeown wnder Ariificinl Condi-
tions. — Seallops confined nnder artifieial eonditions frequently show
deformities,  In natuve, deformilies in shell opeur oceastonally, usually
being due to the loss of part of theseereling mantle or by contact with
some nhjeet. The young “seed " seallops confived in the wire eages fur-
nished thyee types of deformity: (1) a genernl type, the eatio of width
to beight hring muely greater than in the normal “seed; ™ (2) the thick-
ness of the eagoed “goed 7 exceeded {he thickness of the normal seallop;
{3) many individunls in the eages showed indented shells, anzular pro-
jections corvesponding to the position in which they had rested in con-
taet with the wive sides, and mumerous other malformations ocensioned
by their eramped gquavters. All these factors operated against perfect
work in veeording the growth of the eaged seallop.

(3) Growth of Swall and Large Scallops of the Same Adge.— The
size of the ** sead " seallaps of any set vary greatly, but by the time they
are veady for market the <ize is more nearly uniform for seallops under
simiilae eonditions, e, there is less individual varviation. Onpe of the
surprising facts noled was that the penned seallops, by the inerensed
rapidity of growtl, enught up with the larger hefore the season swas over.
In owe pen twa lots ol seallops wlhiell on May 1 measured 538 and 46
willimeters respeetively, by December 1 were each 60 millimelers in
height, the smaller seallops laving wade np the diffevence of 13 of an
inch, and liad & gainin volome of 477 per eent., while the 46-millimeter
seallop had only mereased 249 per cent. in volmme (Fig, 90). In sey-
eral eases this fact was observed and substautiated, likewise from
measurcments of the nntural seallops, showing that the seallops which
are backward in growth the first vear, either from poor loeation or
late spawning, when placed under favorable eonditions liave a greafer
potentinl energy for growth than the larger “seed™ and praclically
make np the loss in the first season by inerensed gnin during the second,

(41 Twdividual Tariation and Heredily. — Each scallop has its indi-
vidual characleristies. Take any number of seallops of (he same size,
no matier how fow, and Tet Hiem grow for o moenth or more. When
measured considerable variation will be fonnd, in spite of the fact that
all the seallops had the same advautages and weve under the same cori-
difions, It is due to the individual varistion in e growing powers of
the differont seallops, such as, e.g., their eapacity for feeding or shell
secretion, aud is primarily the vesult of either injury or leredity. Indi-
vidunal seallops have heen marked and it has been found that generally
n slow-growing senllop will keep the same rale during the entiye season,
in spite of chauged posilion,
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(5) Owercrowding,— Overcrowding tends fo deerease the general
rate of growth, as too many mouths ave drawing from a limited food
supply; and nnless there is considernble virculation of water the amonnt
per eapifa is limited, 'The sironger the enrrent the grealer nmmber ean
be planted per sqnare foor. The wire eages suspended from the yaft
demonstrated the effects of overerowding. Under uniform conditions:
“geed ™ seallops averaging 21 per cubie foot gained 21,45 millimeters in
height, or 1,092 per ceaf. in volume, in seveniy-six days, while those
averaging 153 per eubie foot gained 15.59 millimeters, or 6539 per cent.
in volume, a difference of 433 per cent, In this case the eirenlation of
water was excellent, yet the difference was deadedly marked.

(G) Cage v. Natural Growth for Small Scallaps (“ Seed ”). — The 1906
set on the raft was recorded by confining some in wire cages of small
wmesli, inereased n size as the seallops became larger, and by measure-
ments of the seallops which naturally were attached to the differeut spat
boxes, The result was that the eaged seallops gained only 15.70 milli-
meters between Aungust 17 and November 22 (ninety-seven days), both
elaszes being 8 millimeters in size on Angust 17, while the natural set
gained 20 millimeters in the same period. The difference is esplained
by (1) lack of food, the meshes of the eage shutting off the eireualation
of food organisms; (2) abnormal growth, due to deformities resulting
from eage environment. Tt is impossible to overcome these difficulties
in obitaining the rate of growth of the seallop from eaged specimens,

1905 Set durming 1908,

——— —_— ..
|| Monvarsr
Fownar: Hong: CaiTRANM, BaAtn, Minron,
Peu ¥. Pen 2- Pen 3. l Fen 4. Fen 5.

May I, 1806, . .| SLOOmMm. | 4580mm, || 4245mm, || 40.60mm, || 50,46 mm.

Jupe 1, 1906, . | BL-85 mm, 4543 mm. 47.27 Dym. 50,18 mm. B2 63 mim.
July 1,106, . ' .| 5227 mm; 4975 mm. AU.24 mym. 01.60 mym. BR.O5 .
Aug. 1, 1008, . | B2Stmm, | 51.59 mom, 51,80 mm, 463.40 mm, G4 B8 mim.
Sept. 1, 1904, . .| 6SSmm. | H.02mm. 546,74 mm. 8680 mm. || 56,938 mm,
Oet. 1, 106, . o) BEFmTm, | §7.80 min, 61.61 mm, 60,15 mm. | 6804 mm.
Nov. 1, 1906, . .| BLELmms. 60,80 mm, G120 mm, 63,15 mum, 61232 mm.

Dec, 1, 1006, . +| 85.92mm, | 1.4 mm. 66.78 mm, 6350 mm. 6140 mnr.

Gain, . . .| bdoamm. | 1584 mm. 24. 25 mm. 18,60 mm, 11.00 mm,

Gain in volume for
standard 30 nilli.
meter seallop, . 1605 4004 Tod 41g 2505




OF MASSACITUSETTS. a7

Natwral Conditions.

| Mosvuesy

MuoxoMoy. I CllATIAM. AT Mamsi.

Penr by ‘ I'en 2. ii Pen & Ponod. Ten 3,
Stziofpen, - | 16x10 foet, « | 40520 feot, « |7 %0 foor, || 10 x 10 feer, o | 1010 fort,
Location, . sl Ber - | BT . . | Entranes 10 flay, . .« Small cove,
Distaniee from | 30 fewt, o 20 feed, . u:illull.';!mm,h . I':u fewt, « | AB fewy,
Ct?!j:::fl', v e Nome, . . Ealy, . . I‘ Exceliam, . : Falr, . . Slight.
Soll, o« | Coarss sand, | Coarse samld, 'i ll:;ﬂl v.:el.lm.v . tirnvel s, | Soft inud.
Falgrnes, . & |Thiek, .- - |Thin, . . | Very thin, . | None, . « | Thick:
Wisoaf tidn, o+ 2% feel, . |23 feel, S|mteet, L areer, . 4te.
Dopith of water, | Ll toot, o |25 feor, . [ 1foot, o .| 914 feet, .| 1% Toet,
Sallnity, . . tman, . Glaey, o, e, L L[ L0le, . .l ey,
Xumbivr of senl | 810, . a0 L |f10e, . .|l . . || 338,
Enl::r]r:iee. o | Oyster drill, Oyster drill, | Starfish, - | Oystevdeifl, | Oysteridrill.

CHAPTER VI — THE INDUSTRY.

While a description of the patural conditions of the heds, the methods
of eapture and the preparation of the seallop for market may prove of
slight information to the fisherman, the general public has little knowl-
edge of the methods nsed in the fshery, For this reason the following
pazes are primarily intended for the average reader, although different
wethods are empluyed in the varions parts of the coast, and often the
scallop fishermen in one locality are only familiar with the methods used
in their immediate vieinity. In sueh cases information as to methods in
olher localities as regards implements, boats, dredges, ete., 1s an im-
portaut factor in the development of the industry, and sinee the aim of
this: veport is the improvement of the scallop fishery. no apology is
necessary for the repetilion of special parts of the Mollusk Report
of 1000.

The Fishing Grounds.

Sealloping territory is a variable nssel, as the beds are constantly
changing aceording Lo the location of the vearly sels, and a deseription
of the grounds for any reason may vary from preceding or sneceeding
periods. In a geveral way the loeation and distribution of the scallop
beds nre shown on the aceomnpanyiig map ( Fig, 78), Tor arealer detail
the reader is referred 1o the Mollusk Report of 1909,

The scalloping territory, which is entively confined to sonthieastern
Massachnsetts, ean be sepurated into fonr main divisions: (1) the narth
side of Cape Cod; (2) the sonth side of Cape Cod; (3) Buzzard's Bay;
(4} the islands of Martha's Vinevard and Nantueket.
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North Side of Cape Cod.— While there is some evidence from old
yeeords that scallops onee existed as far north as Doston, they are not
fonnd at the present time fuvther north than Plvmonth, where it is
reported that within the past few vears o few could oceasioually be
gathered on the eel-grass fats of the harhor. Between Plymonth nud
Provincetown seallops ean be obiained at Barnstable, Brewster, Well-
fleet and Provincetown, but noe extensive industry is earried on. This
section, owing to eertain unfavorable eonditions, probably unever swill
be snitable for a prosperous fishery such as is maintained on the south
side of the Cape,

Natural eonditions are praclieally the same for the entire section.
Plymouth, Baynsiable, Wellfleet and Provineetown harbors are in many
respects similar, except that the two latier have different soil. The
vhief eharaeteristic is the great rise and fall of the tide, averaging about
10 feet, which leaves exposed at low water vast sreas of flats on which
the seallops perish during the winier. Anotler nnfavorable facior is
the extreme swifiness of the tides, for example, in Barnstable and Ply-
month harbors, which eause a continnal shifting of the sand bars and
wash the scallops upon the flats, wheve they are at the merey of the
elements. Every form of sea life has ifs range, and Cape Cod may be
considered as the vorthern barvier in the distribution of the seallop,

The primitive methods of zathering the seallops by hand from the
exposed flats, or by pushers and dip neis in the shallow water, is fol-
lowed. No vegular dredging is earrvied on, and the industry, exeept
during the last two years at Brewster, hias not been considered of any
importance. The origin of the scallops which wash ashore on the flats
of Cape Cod Bay at Provincetown and Brewster is unlnown. The
fishermen bLelieve that in the deeper waters of the bay is a large bed,
which fornishes the scallops that are annually washed ashove. In spite
of the fact that this bed has never been located, there is every reason
to believe in its existence.

(a) Barnstable Harbor.— On the eel-prass flats on the south side of
the harbor a few seallops can he found al the present time; hut there
is not a sufficient number to make a regular business, sueh as was carvied
on in 1B77-78, aceording to Clark (11). The chances arve thai 2 severe
winter or some other adverse eondition killed all the scallops in this
loeality, and thus, by Jestroying the spawners, renderved impossible any
fatnre supply.

(b} Orleans and Brewster Flais.— Along the bay shore of these
towns, abont 14 mile from the high-water line, scallops are found SVETY
winter in more or less shundanee, varying from a scant few to a suffi-
cient quantity, as in 1908-0f, 1o make a profitable bnsiness for the
town of Brewster. The seallops, nnless gathered, soon pevish, as they
lie on the flats Tully exposed to the chill of winter,
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(e) Wellfleet Harbor.— Seatteving scallops are foumd sear Billings-
zate Island, on the north side of the harhor, and east of Teremy's Point,
bt no vegulne shing is eavried o,

(d1 Provineetown Harbor.— (o the shore of the east hend ol the
harbor, toward Truro, seallops are washed ashove in varying nmonnts
by the soutliwest winds, About lifteen years ago scallops were reported
as mmmerons, and it was not nneommon for a man to piek up 5 busliels
at one tide, but sinee 1900 few seallops have been fouud.

South Side of Cape Cod.— This seetion camprises the towns on the
sonth shore of the Cape from Chatham to Mashpee. Here conditions
are extrenicly favorable, except for an oceasional southerly blow, which
at times is sufficiently strong to wash the seallops in windvows on the
chipre. Only the shellfish in the exposed waters on the open eoast ave
subjeet to this loss. The other conditions, sueh as a small rise and fall
of tide (abont 2 feet). mond eiverilation of water, suilable hottom and
depth of wateir, are all favorable to the habitation of seallops. (n some
flats during the low-running winter fides there is considerable exposure,
as on the common flats of Chatham, and many seallops pevisli annually,
The greater part of the fishery is condueted on the open eoast, at some
distance from shore. by dredging, or with  pushers ™ on the low flais
whiell skirt the shove, Seallops are also plentiful in the inclosed bays
which line the shore, such as Stage Havbor, C'hatham; Lewis Bay, Hyan-
nis: and Oysterville Bay, Barnstable. The averaze size of the scallop
in this section is 2,13 inches, Few natural enemies arve found, Starfish
and oyster drills are present, but not in soflicient number to be of
material diwnge, The total avea comprised in fhis section is 12,700
arres,

() Chatham. — Seallops ave found only in the soutliern waters of
the town., Between Inward Point and Harding's Beach many acves of
pel-prass flats, shellered from thie open oecan by Monomoy 1sland, for-
mish exeellent gronnds for scallops.  The entive area of these grounds
is approximately 2,000 aeves, althongh this whole tervitory is never
eam pletely stocked in auy ove year. During ihe season of 1007-08 the
following places vonstituted the scalloping grounds: —

(1} Fsland flats 0 Stage Harbor, on the wvast side of the channel,
opposite. Harding's Beael, furmish a number of seallops, which are
cianghit the frst of the senson, fz these {unls were near the town,
Here the water is not more than 115 o 2 feel deep at low tide, and
thick eel grass covers the grester part exeept near the channel,

(2) Directly south of Harding's Beach lies John Perry’s flat, com-
muly known os * Jerey's,” where there has been' good sealloping for
Hmany years.

(3) The western Lall of the Common Flats Turiished the hest seal-
loping in 07085, as the seallops, thingh sinall (6 pecls o a gallonj,
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were plentiful. These flats run nearly dry on low conrse tides, and
are covered with eel grass. Nearly every year there is a heavy set of
seallop seed, which, beeause of the exposed natwre of the flats, is
wholly or partially destroyed. The entire set was destroyed in the win-
ter of 1904-05, while 30 per cent. was lost in 1806-07.

(4) On the flats just sonih of Inward Point was another bed of
seallops.

(5) In the bend north of Tnward Point seallops were plentifel.

(6) On the northwest edze of the Common Flats scallaps can be
dredged over an arven of 160 acres at a depth of 5 fathoms. These
ave of @ood size, npening 3Y% quarts to the buslel.

(b) Harwich. — The scallop territory of Larwieli eovers an extensive
area on the south side of the town, and in some places extends for a
distance of from 2 to 3 miles out from shove, TUsnally the seallops are
found, as in the Jast season (1907-08), outside the bar, al a distance of
3 miles from shore, where they can be taken only by dredeging from sail
or power boats, The intervening body of water sometimes eontains a
few seallops in a quantity 1o make a commercial fishery. The tofal
area of the seallop grounds is aboni 3,200 acres, The hottom iz mostly
sandy, with patches of eel grass.

(&) Dennis, — The scallop grounds of Dennis and Yarmouth ave
common property for the inhabitants of both towns, while other towns
are excluded from the fishery. The West Dennis seallopers fish mostly
on the Yarmouth Hats at the montly of Parker River, and between Bass
and Parker rivers on the shore flats. Theve is also sealloping along the
shore on the Dennis grounds. These grounds are for the * pushers.”
Dredgine is earried on at Dennisport, and the boats cover a wide lerri-
tory at some distance from the ghore, The town possesses a large area,
which eilher has seattering seallops or is well stocked one vear and
barren the next. Nearly 2,250 acres of available termtory are inelnded
in the waters of the town., The flate, which are of sand with thick or
seattering eel zrass; aecording to the locality. afford a zood bottom for
seallops. Were it not for the eel grass, the scallaps would perish by
being washed on {he shore by southerly winds.

(d) Yarmonth. — The scallop gronnds of Yarmouth ave on the sonth
side of the town, on the flats which horder the sliove from Bass River o
Lewis Bay. Part of the waters of Lewis Bay belong to the town of
Yarmontl, and seallops ave found over all this tevritory. The natnre
of the bottom is the same as ab Dennis and Barnstable, The total area
of seallop tervitory is estimated at 2,230 aeres. The seallop zrounds of
Dennis are open to Ymrmonth seallopers,

(e) Barnstable.— Althongh the scallop industry on the north coast
of the town is extinet, it still flovrishes as of old on the south eoast.
The bulk of the business is carried on here, and nearly all the shipments
arve made from Hyammis and Cotuit. The gronnds of Clotuit are quite
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swiall, extending over an irvegular strip of 100 aeres. The hollon: is
mostly muddy, and covered with patches of cel grass.  All the rest of
the bay, where the bottom is more snited for oy=ter culture, is taken up
by grants, This sealloping avea, althongl small, is free to the seallopers
of Osterville. Cotuit, Marston’s Mills and Hyannis, and even where
heavily set it is snon fished out.  The seallop tervitory near Iyannis
comprizes 2700 weres, in the following loculities: (1) Lewis Bay; (2)
near Sguaw's Islamd; (3) Hydanunisport harbors and (4) the shore
walers, Al Hyanuispoyt small seallops ave laken with ** pusliers ™ in the
shallow water; while large scallops are taken by dredging in the other
three Incalities. Seallups are found in different parts and in varying
abundance ¢neh vear,

(f) Mashpee.— The scallop territory of Mashpee lies in the Poppn-
nesset River and Bay. comprising at most 200 aeres, Tor the last eight
vears there has been no seallop industry in the town. A few seallops
are seeasionally gathered for home consumption.

Buzzard's Bay. — The third section comprises the waters at the head
of Buzzard's Bay, the most protected and perhaps the most favorably
situated of the scalloping loealities in respect (o natural conditions.
The warmth and excellent eireulation of the water as it courses in and
ont of the numerous little bays and inlets are favorable to rapid growth,
and render possible the production of the large seallop, averaging 2.73
inehies, found in this seetion. The medium rise and fall of the iide
{about 4 feet) and the eel-grass holtom give the seallops abundant pro-
tection in contra=t to the exposed situation in otlier localities. Tn spite
of rhese favorable surronndings preat numbers of seallops perish from
the severe winters and from the attacks of their natural enemy, the
starfish. For seven years previous to the season of 1907-08 ihe seallop
fishery had been a failure in these waters, said to have been due to the
inroads of this pest, but sinve that dale it has again become of im-
portanee.  The sealloping tevritory comprises 11,100 aeres and is situ-
ated in the towns of New Bedford, Fairhaven, Mattapoisett, Marion,
Wareliam, Bourne and Falmoutl, The fshing is carvied on almost
whally by dredeing.

la) New Bedford, — The seallop aven ecomprises approximately 400
aeves, prineipally in the Aenshnet River and Clark’s Cove.

(b)) Fairhaven.— This town shares with New Bedford the sealloping
grounds of the Aenshuet River, and has in addition a much larger tervi-
tory arvonnd Seoptieut Neek and West Island. The gronnds comprise
about 2,500 acves, most of which is nnproductive or productive only &t
intervals,

(r) Mattapoiseit. — The seallop territory, ecomprising an area of
L200 acves, mueh of which i= apey and exposed, is i general eonfined
to the following lowalities; Nasketuekel Bay, Braut Bay, Beant Island
{ove, Mattapmsett harbor, Pine Neek Cove and Aueoot Cove,
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(d) Marion,— The seallop gronnds of the town extend over an area
of 1500 acves. sitnated on hoth sides of Great Neck, and exlending
from Lthe Wareham line to Aueoot Cove,

{¢) Wareham.— Situated at the head of Buzards Bay, this town
possesses A considerable water area whieh is snitable for seallops. The
eutive tervitory, embracing approximately 2,500 acves, extends iu a
sonihwesterly divection. from Peter’s Neek, including (uset Bay, 1o
Abiel's bnoy, and from there to Weweantit River. Scallops are also
found i the Wareham River, Seallops ave mostly found in the deep
water, which makes dredging the onfy profitable method of sealloping in
this loeality,

(f) Bowrne.— The available sealloping territory eovers approxi-
mately 3,000 aeres; extewding rrom Buttermilk Bay along the whole
const of the town to Cataumer,

(g) Falmouth,— Seallops ave fonud in Sgueteague Pond, Wild
haybor, North Falmonth and in West Falmouth harbor. Seallops are
occasionally present in swall guantifies in Waquoit Bay, on the sonth
shore of the town.

The Islands of Nantuchet and Martha’s Vineyard, — Tins segiion
hegrs evidence of the protection of a fishery by natnre and the ability
of the mbabitants to foster a valuable industry. In both islands the
natural eonditions ave snelh o8 o snpply the maximum aid in the preser-
vation of the fishery. The seallop territory. for the most part, lies in
protected bavs, Nantucket harbor, ("ape Poge Pond and Vineyard
Haven. Certain parts of the territory ave expesed and subjeet to eondi-
tions unfavorable for the seallop, bnt the greater portion is well welosed
and favorably suited for rvegulating the distribution of *sead’ The
nse and fall of the tides is sheht, not averaging move thain 2 feer. A
variety of bottem wostly eovered with eel grass is found in all the
loealities. while the depth of water over the beds averages from 10 fo 15
feel, vavely exceeding 25.

In this section; no matter how searee the supply may be elsewhere
in the State, the yield of seallops is constant. While there is more or
less variation in the diffevent years, extreme seaveity and superabun-
dance, so common in the otber sections, ocenr liere bat rarvely, and the
seallop supply from [his loeality is considered the most dependable in
Massachnzetts. The total area comprised in this seetion is 7,300 aeres.

(@) Nantucket, — The eyonids Tie both in Nantueket harbor and in
Maddegnet harbor. on the west end of the island. The fornier of these
is the larger and more important, as the fishery is near the town. When
the seallops become searce in Nantneket liarbor, the seallopers adjourn
to the fresher beds of Maddequet. Nantucket harbor contains approxi-
mately 3,000 acres of seallop tevritory; Maddequet and Muskeget, 1,500
acres,
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{h) Edgartawn.— The important grounds ave in Cape Poge Poud
and in Edgartewn harhop, while oveasionally beds of seallops, especially
“sead are found in Katama Pay. These svounds comprise an area
ul 2000 aeres, clielly of zrass hotlon,

() Vinegurd Havew.— The scalloping gvounds of Tisbury arve in
the harbor at Vineyard Haven, Ouly Vineyard Haven fishermen ke
a business of =calloping heve, The sceallop grounds eomprise an aven
of 800 aeres.

The Present Tudustry in Massachusetts,

In considering the seallop indnstry the following points should be
noted: (1) It has been necessavy {o veeord ns seallop area any groninds
where seallops have ever been found, i spite of the faet that only
a portion of tlis total arvea is in any one year productive. (2) The
boats engawed in the scallop fishery ave bub transitory eapital, which
is wtilized, outside of (he seallop seasen, in other fisheries. (2) The
quabang and seallop fislieries i many towns snpplement eaeh other,
as the same men and boats are engaged in both industries, (4) The
lengih of the season vares in the different loealities. In New Bedford
and Fairhaven the seallops are mostly eanght in a few weeks, 0= mauy
boats enter the business temporarvily, This necessarily gives an exeess
of invested eapital and a small production. In these two towns the
number of seallop licenses are recorded. as showing the number of mey
enmared in the fishery, while as a fact bnt a small part of these are
steadily encaged in the mdustry,
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The Histovy and Developteent of the Scallop Tudustey,

In considering the vise of p fishing indnstry, it i= often difliealt to
stite exaelly the vear when the industry sturfed, as there are differences
of opinion as to how large & fishery should hecome before it conld be
Justly vonsidered an industey, The seallop fishery has existed for years,
bt did not beeome an estublished indusivy of the Commonwealth before
the year 1572, At that time there was seapeely any demand for seallops
and the eateh wns marketed with dilienlty. Sinee then the market for
the seallop lias steadily increased, until the supply enn hardly mect the
popnlar demad.’

It seems almost inevedible [hat the seallop as an article of food
shoulil emce have been scorned and practienlly unknown. In former
veirs the majority of people looked upon (he highly colored shellfish,
with its beantiful shiell, a& poisonons and unfit for the table. in the same
manner as our conntvy fathers considered the “love apple,” now the
tomato, as only an ormament for (he gavden, Popular taste and opinion
hiave ehianged, and the formerly despized seallop is new considered as an
wunporiant part of ovr sea food.” What has Leen trne with the secallop
applies equally well in recard to our fuinre attitude towards sea food;
many species of fish and shellfish now considered as nnwhelesome will,
in the vears (o come, be considered as articles of food.

In ¢arly eolonial days the seallop was frequently mentioned by the
writers of that period, possibly because the allractive appearance of
the fan-like shell rendered il a conspienons ohject on the beaches, and
puossibly beeanse the seallop shiell had been from the time of the Cimsades
of emblematic significance. The first ise of the seallop was as fertilizer.
When blown ashore in quantities, the farmers oveasionally eame with
their carts and corvied the deeaying shellfich to spread over their inland
farms. The next step in the popularization of the seallop was made by
the domestie animnals, sneh as eats, dogs, pigs, cte, os the inhabitants
let the swine obtain their Hyving from the flats and shellfish. No records
have been found by the writer to show that the Indians tanght the
ealonists the nse of the seallop as an article of food, or that they were
eonversant with s use for that purpese in England. So in all proba-
hility the edible qualities of this mollusk gradually beeame kuown,

['revions 1o 1874 the industry was of little importance as the seallops
were only gatherad by hand or taken from the shullow water witl dijp
nets and rakes. This date marks the intradaction of the dredge on Cape
Cod, which revolntionized the industry by opening pew ferritory and
inereasing the ease of eapture in the deep water. From (his time the
fishery steadily inereaseil sud Lhe market vorrespondingly widened.

In Buzzard’s Bay the fishery first starfed at New Bedford in the
Aonshnet River in 1870, furnisling hetweerr 1570 and 1879 a winter
living for 15 men.  From this loeality the fishery spread eapidly in 1879
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among the other shore towns ou the noyth side of the bay. In 1879
several boats from New Bedford commenced dredging in Wareham
waters, and the townspeople soon fallowed the example of the invaders,
Fyom 1879 to 1809 the fishery became of importanee as a winter industry
in the npper waters of the bay, and fourished until 1899, when il beeame
commercially extinet extept at New Uedford and Fairhaven. The fall
of 1007 furnished a vevival of the fishery, which has every indication
of becoming permanent,

The industry first stavted on Cape Cod at Hyannis in 1874, where s
number of men entered the new bosiness; and for several years (he
production increased rapidly, with the opening of new territory and
immproved methods of capture. The other towns on (he south side of the
Cape entered in the new fishery al {he same time and with similar
suecess;  From fhat time on the fishery has been a variable factor in
the towns of this section, depending npon the supply.

On the islands the fishery began at Edgartown in 18756 and at Nan-
tneket in 1883, and in both eases the supply has been fairly donstant, a
poor or snecessfil) season depending more on the market price and the
abundance in the rest of the State than on the loeal supply.

While the natural supply bas remaived the same or has evidenced a
decline in eertuin loealities, the value of the industry as a whole, hoth
in recard to the mumber of men engnged, eapital invested and the market
returns, has steadily inereased. The price of seallops varies from year
to year and at different parts of the same season; but in spile of the
irregnlarity of the eateh the price per gallon has incrensed threefold
(from 50 cents to $1.50) since 1880, showing the inereasing importance
of the fishery.

The Decline.

The most important gquestions which first come to mind when consid-
ering the seallop indunstry of to-day are these: (1) Has there been any
decline in the industry 7 If so, how extensive? (2) What are the causes
of the decline?

Extent of the Decline, — Theve is no qnestion but that the indusiry
as a whole has declined. This decline lins made ilself manifest, espe-
aially in eertain localities, ., Buzzard's Day, where until 1907 the
entirve fishery, exeept at New Bedford and Tairhaven, had been extinel
for seven years, Along the south side of Cape Cod, al Edgartown and
Nautuckel, the supply has, on the average, ramained the same. Of
course there is varying abundance each vear, but as a whole the industry
in these loealities eau hardly be said to have declinedi On the other
hand, on the north sule of Cape Cod we find a noticeable decline, A
scallop fishery no longer exists at Plymonth, Barnstable harbor, Wellfleet
and Provineetown, thoush twenty-five years ago ihese places possessed
a slight industzry.

S0 we have to-day in Massachusetls three localities, two of which show
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a warked decline e the seallop fishery, while the other shiws sone im-
provement. O the two depleted areas, the one (north of the Cape)
miay bever revive the dndustras the other (Buzzads Bay) gives indiea-
tions that (he fndostry ean onee more be put on o profitable Tooling,
The only thing necessary is perpetual precantion on the part of the
fishiermen in order to prevenl this decline.

Canees of the Decline.— The eauses of ihe decline of this indostry
can be sronped mnder three heads: (1) natnral enemies: (2) overfishing
by mwan; (3) adverse physieal eonditions. In the last instanee the
severe winlters, storms, anehor frost, ete, bring destruction nwpon the
senllops, especially during early life.

The Fushery,

The Season. — Theve is eonsiderable diversity of opinion among the
seallopers as to when the seallop season should open. Some advoeate
November 1 as the opening date, instead of October 1, as the present
law yeadls; and many argnments ave put forth by hoth sides.

The wvlass of fishermen who desive November 1 are those who are
etigiieed in other lishing during (he month of Oetober, and either have
o give it up or lose (he first month of sealloping. Naturally, they wish
# chanze. putting furth the additional aveument of better priees if
the season begins later, The sealloper who is nol engaged mm other
fishing of comrse desives the law to remain as it is at the present time,
elaiming that the better weather of Ocfober gives ensier work, more
working days, and allows no ehance of loss if the winter is severe,

Under the present law, the town ean regulate the opening of its
segson to o spit the demands of the market and Lhe desive of the in-
babitants. This does away with (he necessity of any State law on this
point, swhiel, under the present system of town control, wonld be
inadvisable.

The general opimon of the fishermen is in faver of the present date,
Octoler 1. As nearly as eonld be determined, abont 75 per eent, favor
Oaotober 1 and 25 per eent, November 1. This sentiment is divided by
lncalities, as morve men were in favor of November 1 at Nantueket
and Edgartown than on Cape Cod and Puzzavd’s Bay, where very few
favored a ¢hange.

The Methods. —The methods of sealloping follow {(le historieal
mse of the fishery., As the industry grew move and more importunt,
tmprovements became necessary in the methods of capture, and Lhis,
parallel with the development of the indostry, we ean tvace a corve-
sponding development in the hwplements nsed in the capiure of the
seallop.

(@) Gathering by Hand. — When' the seallop was first nsed as an
article of food, the primitive method of zathering this hivalve hy hand
wis used. This method still exists on the flats of Brewster, and often
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in other Joealities after heavy males wagons can be driven to the beach
and loaded with the seallops which have heen blown ashore,

(b) Scoop Nets-— The hand method was not rapid enough for the
enlerprising scallopers, and the next step in the industvy was the nse
of scoop nets, about 8 inches in diameter, by which the seallops eonld
be picked up in the water. These nets were attached to poles of vari-
ous leneths, suitable to the depth of water. “This method.” writes
Ingersoll (8), “was speedily condemmued, however, heeanse it eonld be
emploved only where scallops ave a foot thick and inches in length,
as one fisherman expressed it."

(¢) The Pusher.,— The next invention was the so-called “ pusher.”
The “ pusher " consists of & wooden pole from 8 ta 9§ feet long, at-
tached Lo a rectangnlar ivon frame 3 by 115 feet, upon which is fitted
a petiing bae 3 feet in depth. The scalloper, wading on the flats
at low tide, gathers the seallops by shoving the “ pusher ” among the
eel erass. When the bag is full, the coiitents are emptied into the dory
and the process repeated. The scallopers who use the “ pusher ™ go
i dories, which are taken (o the various parts of the sealloping ground
and moved whenever the immediate loenlity is exhausted. This method
i5 in nse to-day, but is applieable only to shallow flats, and can be
worked only at low tide, where dredging is impossible. Tt is hard
work, and nol as profitable as the befter method of dredging. This
method of sealloping is used chiefly al (‘hatham, Dennis and Yar-
month; oecasionally at Naniueket and otlier towns.

(@) Dredying.— The greater part of the svallop eateh is taken by
dredzing, which is the most nniversal as well as the mosi profitable
method. The dredge, commonly pronounced * drudge,” consists of
an iron framework about 3 by 114 feet, with a netting bag aitached,
which will hiold from one fo two bushels of seallops. Catboats, earry-
ing from 6 to 10 dredges, are used for this method of sealloping. These
boats, with several *reefs,” e¢ross the seallop grounds pulling the
dredees; which hold the boat steady in her econyse. A single run with
all the dredges overboard is ealled a “drift.,” The contents of all
the dredges is suid to be the resnlt or eateh of the * drift.”

When the dredges ave hauled in they are emptied on what is known
as a enlling board. This board runs the width of the boat, projecting
slighily on both sides. It is 3 feat wide, and has a guide 3 inches
high along each side, leaving (he ends open. The secallops are then
separated from the rubbish, such as seaweed, shells, mud, efe,, while
the refuse and seed scallops are thrown overboard by merely pushing
them off the end of the board. Each eatel is ewlled out while the dredges
are heing pulled along on the baek **drift,” and the board is again
vlear for the next eateh. The eulled seallops are fisst put in bnekets
and later transferred either to bushel bags or dumped into the eockpit
of the boat.

(1]
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Two men are wsunlly required to tend from 6 Lo 8 dredges in a large
vathoat, but often one nian alone does all the work. This seems to
be- confined to loealities, as at Nantucket nearly all the eathoats have
two men, AL Edeavtown the veverse is true, one mai to the hoat,
thongl i power dredging two men are always nsed.

Several styles of dvedzes arve used in sealloping, as each locality has
its own speeial kind, whieh is best adapted to. the sealloping bottom
of that vegion. Four different styles are used in Massachusetts, {wo of
which permit a subdivision, making in all six different forms. Each
of these dredges i= saud hy the seallopers using them to be the best;
bui for all-round work the “ seraper ¥ seems the most popular.

(1) Zhe Chatham or Box Dredge, — As this dredge was first used in
Chatham, the name of the town was given to it to distinguish it from
the other styles. At the present time its use is ¢onfined to Chatham and
the neichboring towns of the Cape. Willi the exeeption of a very few
used at Nantucket, it is not fonnd elsewhere in Massachusetts.

The style of the box dredge is peculiar, eonsisting of a rectangular
framework, 27 by 12 inches, of fat won 1 by 1 inecles, with an oval-
shaped wron bar extending back as a support for the netting bag, which
is attached to the reetangular frame. To tlie side of the rectangular
frame is attached a heavy iren chain about 4 feet long, te which is
fastened the drag rope.

(2) The Scraper.— As can be seen by the illustration, this style
of dredze consists of a rigid iron frame of triangular shape, whieh
hins a curve of nearly 90° at the base. to form the bowl of the dredge.
Above, a raised erosshar conneets the two arms, while at the bottom
of the dredge & strip of iron 2 inelies wide extends from arm to arm,
This strip aets 48 a seraping blade, and is set at an angle so as to dig
inta the bortom. The top of the net iz fastened to the raised crosshar
and the lower pavt to the blade.

The usuyal dimensions of the dredge are: avms, 215 feet; upper
erosshar, 2 fest: blade, 2'% feet. The net varies in size. usually holding
about a bushel of senllops, and running from 2 to 3 feet in lengfh.
Additional weights ean be put on the erossbay when the sealloper
desives the dredge to serape deeper. A wooden bar, 2 feet long, bnoys
the net.

Two styles of this dredge ave in use, Al Nantucket the whale net
is muode of twine, while nt Edgavtown and in Buzzard's Bay the lower
part of the net is furmed of a netting of iron rings, the upper half
of the nei being twine, The ivon vings ave sapposed to stand the wear
better than the twine netting. This difference seems 1o be merely a
matter of loeal ehoice. The “scvaper? is perhaps the dvedwe most
generally used, us, no matter what style is in vse a sealloper generally
has a few “serapers ' among his dredges.

(3} The * Slider. — The principle of the *slider™ is the veverse
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of the “seraper,” as the blade is set either level or with an upward
incline, so ihe dredge can slide over the bottonn This dredge is used
on rough bottom aud in places where there is little eel grass. In some
dredges the blade is rigid, but in the majorily the blade hangs loose.

The “slider " nsed at Edeartown differs from the “ seraper * by hav-
ing perfectly straight mms and no curved bowl, the blade being
fastened to the arms in a hook-and-eye fashion: The dimensions of
this dredee ave the same as those of the “seraper,” although ocea-
gionally smaller dredzes are found.

(4) The “ Roller ” Dredjye. — This siyle of dredge is used only in the
town of Matiapoisett, wheve the seallopers elaim it 1s the most supeess-
ful. The dredge is snitable for sealloping over rough ground. as the
blade of the dredge is merely a line of leads, which roll over the surface
of the ground gathering in the seallops.

The dredge eonsists of an oval iron frame, 32 by 20 inches, which
acts as the arms; and is attached to anotlier iron frame, 32 by 2 inches,
The blade of the dredze consisis of a thin rope with attached leads.
The net iz made wholly of twine, and is aboul 215 feel long.

Outfit of a Scalloper. — The average invested eapital of the sealloper
can hest he given for fwo elasses, -—the boat Bsherman and the dory
fisherman: —

Boat Fisherman. Pory Figherman,

Boat, . . . . . #5300 00 | Dory, . - : . . *20 0O
Dory, . - - ; . 2000 | Dars, . . : : - 130
Bix dredges. 23 00 | Pusher, - ; - - 2 a0
Rope and gear, 25 00| Shanty, ] - ; . 25 00
Culling board, - 200 —
Ineidentals, . 4 - : 3 00 Total, . . . . 49 00
Shanty, . y R . ol 00

Total, . . ., . &B25 00

Sealloping with Power Roats.— The season of 1007 has witnessed
in Massachusetts the first use of anxiliary power in the seallop fishery.
At Edgarfown the main part of the sealloping is now done by powet,
which, in spite of the additional expense of 5 gallons of gasilene per
day, gives a proportionately larger catch of seallops. The Edgartown
scallopers claim that their daily eatel, usging power, is from ounetliird
to one-half hetter than under the old method of dredging hy sail. Not
only ean they seallop when the wind is too light or too Lheavy for sne-
cessfnl sealloping by sail, but more “ drifts * can be made in the same
fime, A slight disadvantage of sealloping with power is the pecessity
of having two men, as the steering of the power hoat demands mueh
cloger attention than the sail boat, which is practically held to a fixed
conrse by the dredges. A power hoat for sealloping possesses only the
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disadvantaze of additional cost; bul it is only necessiry Lo loak forwisl
a few vears, when expedition vather than elieapuess will be in demand,
to. n partial revolation in the present methods of sealloping, wherehy
the ausiliney eatboat will take the plage wl the sail boat i the seallop
tishery.

Proparing the Scallop for Muarket. (a) The * Eye” —The edible
part of the seallop is the large adduetor musele. The yest of the animal
is thvown away. though in certain loealities it is nsed as fish hait and in
others for fertilizer. Why the whole of the animal is not eaten is bard
to say. Undonbtedly all is good, bot popular prejudice, which molds
opiuion, has deereed that it is bad, so it is not used as food. This is
perhaps due to the higlly pigniented and colored portions of the animal,
Nevertheless, there is a decided pos<ibility that in the futnre we shall
eat the entire scallop, as well as the luscious adduetor mnscle,

The adduetor muscle is called by the dealers and fishermen the * eye,”
a name given perhiaps from its impovtant position in the animal, and its
appearance. The color of the “eye,” which has a eylindrical form, is
a yellowish white.

(h) The Shanties.— I'lie eateh of seallops is carried to the shanty
of the fisherman, and there opened. These shanties are nsually svonped
on the dock, so the catehy van be readily tronsferred. Inside of these
shanties, unsnally 20 by 10 feet or lavger, we find a lavge hench 3
to 31% feel wide, running the length of the shanty, and a litle more
than waist bigh. On (lese beneles the seallops are dumped from the
baskets or bags, aud pass throngh the bands of the openers. Under
the beneli are barrels Tor the shells and refuse.

{e) The Openers.— The openers are usually men and boys, thengh
oreasionally a few women try their hand at the work, Of lale years
there lias been a dillienlty in obtaining suffietent openers, amd the seal-
lopers often are foreed to open their own seallops. The npeners are
paid from 20 to 30 eents per zallon, aceording to the size of the
seillops, One buslel of average seallops will apen 2% {0 3 quarts
of “eyes.” An opener can often open § to 10 gallons in a day, making
au excellent day's work. The price now paid is more than double that
paid in 1580, which was 1214 cents per gallon. Some openers are
esprecially vapid, aod their deft movements eause a econtinnal dropping
of shells in the barrel and * eyes " in the gallon measnve,

(d) Method of opening the Seallop,— The opening of o seallop re-
yuires three movewents. A flal piece of steel with a sharp but vounded
end, inserted in a wooden hauwdle, answers for a knife, The seallop
is taken by a right-handed opener in the palm of the left hand, the
hinge-line farthest away from the body, the seallop in its natural vest-
ing position, the right or smooth valve down. The knife is inserted
between the valves on the right-hand side.  An upward twm with a eut-
ting motion 15 given, severing the *eye” from the upper valve, while
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a flirt ot the same moment throws back the npper shell. The seeond
motion tears the soft rim and visceral mass of the seallop and casls
il into the barrel, leaving the “eye® standing clear, A third move-
nient separates the “eye” from the shell and casts it into a gallon
measure, Frequently the last two movements are slightly different.
The faster openers at the second motion werely tear off enongh of the
vim to allow the separation of the “eye™ from the shell, and on the
third movement cast the “eye” in the measnre, while the shell with
its adhering soft parts is thrown into the refuse barrel. These last
two motions ¢an hardly be separated, so quickly ave they accomplished.

(e) Shipment.— The kegs in whieh the seallops are shipped cost
30 cents apiece, and contain about 7 gallons. A full keg is koown
as a “ paeckage.” The butter tubs arve less expensive, but hold only
4 to 5 gallons, Indeed, anything which will hold seallops for shipment
is used to send them to market.

When the seallops get to the market they are strained and weighed,
9 pounds being eonsidered the weight of a gallon of meats. In this
way about G gallons are realized from every 7-gallon kez. With the
improved methods of modern times seallops ean be shipped far west
or be held for months in cold storaze, for which purpose unsoaked
seallops are vequired. Certain firms have iried this method of keeping
the ecateh nntil prices were high, but it has not been espeeially sue-
cessful,

(f) Market.— Ouve of (he greatest trials to the seallop fisherman
is the umeertainty of market retwrns when shipping. He does not
lennow the price he is to receive; and. as the price depends on the supply
on the market, he may veceive high wages or he may gel scarcely any-
thing, The wholesale market alone ean regulate the price, and the
fisherman is powerless. While this is hard on the sealloper, it does
not appear that at the present time anything can be done to vemely
the uncertainty of retwn. The seallop refurns from the New York
market are usually higher than from the Boston market. The result
of this has been to give New York each year the greater part of the
seallop trade, and praetically all the Nantueket and Edgartown seallops
are shipped to New Yorlk.

Either from a feeling of loyalty, or hecavse the market peturns are
sooner forwarded, or because the express charges are less, Cape Cod
still ships to the Boston market, in spite of the better prices offered
in New York. Why so many Cape scallopers should eontinue to ship
to Boston, and resist Lhe attractions of better prices, is impossible to
determine. and appears to he only a question of eustom.

(g) The Price,— The price of seallops varies with the sup ply, The
demand is fairly eonstant, showing a slight but decided inerease each
year. On the other haud, the supply is irregular, some years seallops
being plentitul. in other years searce.
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The Food Valug of tha Seallop,

The large adduetor mnsele is the ouly part of the seallop which is
psed for fomd at the present day, as the resl of the sefl parls ure eoti-
sidered noweedible,  The adductor wmusele ocenpies the eenter of the
shell and by reason of its conspienons position has been given the name
of “eye” Dby (he fishermen. Less frequently it is spoken of as the
“heart.”  Frow the standpoint of the eonsumer and the retail dealer the
“pve " is the objeet of importance, and Lhe word seallop is applied in
guell noway Ut many people believe that the little white enbe comprises
the whole animal, The “eye ™ ean best be likened to the finished produel
of manulacture as it passes inlo the purehaser’s hands, Therefore, il
is to (he advantage of the consumer to kupw (1) the amount of nntri-
utent of Lhe seallop compared with other artieles of food, both shellfish
and meats: (2) the effects of “soaking '’ seallops; (3) the amount of
waste and the pereentage of netual food i seallops from the different
loealities in {he Commonwealth,

Food Talue.— As a food the seullop stands ahead of all the other
ghellish, contalning niueh more pourishment than the oyster. The fol-
lowing fizures are from the (ables of T'rofessor Abwater, rearranged by
C. F\ Langworthy (14):—
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:E.“: ey - < - g E"._:. = | iq’
%2 3 &8 517 |§ |22
1] & C': = Z "2 g - S
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=l - & =" o) Q| Aa| 38 | &=
= & e g | & A m| ES 2
P TR - 38 (T2
- - Hy - =
2% 3 e | £ | & | 8° g2 ‘ £ | i
——————r — —— = L —
Oy sters, sullils, . ‘ = - LT 6.1 14 3.3 g | AL | Hn
Opsters, hahell, . .| 23| -  Bd| 11 gl e Aol o
Oyaters, canned, . . - - 53.3 T4 T.) 3.0 LB | 4.7 | B0
scallops, . a . . = - BB | LT -2 3 1.4 MLT | 345
Soft clams, in shell; . v| 436 - 4504 .8 6 11 LA MG 138
Soft choms, canned, - = - LT $.4 1.3 L5 a8l 153 | 8
Cuahnogs, rewmoved from - - ki, M | e 1.1 52 23] wl| 3w
gholl,
Quahnugs, n shell, . o] Bs - 7.4 2.1 .1 1.3 B (B il5
Quuhnugs, couned, . = - - .00 M4 £ 3.0 | 3150 | oG
Mussods, -~ . o] - T S an | s | 16
| |
Genersl averngd of mol | 0.2 - 3.0 3.2 4 1-3 A 5.4 10
Tuska (exclnalve of |
ennned), |

In the following table the seallop is compared with the ehemienl
analy=is of virions meats i tieiy food stuffs.  The Ogures for the meals
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are taken from Howell's © Physiology 7 (13). The comparative prices
were obiained in the Doston markets on Feb. 18, 1910,

-

h i p AT {Pen Lm-:r 1 | W l.m;en:.ts
(‘:.rbo- per Pound
I Water. Gl Fat. hydrate, Ak, | {Cexptas
Zonllup eyes,” [ L350 1450 l ) I B30 | 140 Tk
Beef, moderntaly faf, . T3.03 2u o LR T AR BTN Lo
Veal, fa1, . ’ 70 x.m S I il L. |l ook
Mutton, moderately fat, . ‘ Tau 0 17.11 B ‘ - 1.13 10
Pork, lean, AT 20,03 (%] - L.10 (L LS
!

“ Sanking,” — The * eye " is frequently put through a process famil-
tarly known as “soalking” before it i¢ seni o mnorket. Iff nol done
by the fishermen it is ecompleted by the dealoy, in order to tempt the
purchaser with a beautifnl white, plamp “eye ™ instead of a small
yellow-colored specimen, Undonbiedly fishermen and dealers wonld
willingly sell nusoaked =eallops ai a proportionate price the moment the
market demands them; but the eonsumer, throngh ignorance, prefers fhe
large, nice-appearing * ayes,” and thas nnwittingly favors the practice.

From a practieal standpoint “sonking ¥ is o very simple affair, the
“eyes ' heing placed in fresh water for several hours until they have
absorbed sufficient water to inercase their bulk about one-third. It has
been noticed that whenever salt-waler products ave allowed to soak in
fresh waler an inerease of bulk is found. This is due to a complicated
change, tlie most prominent faetor being nzmosis, which eauses a swell-
ing of the lissnes, The “eye " can be inereased hy this change to a gain
of more than one-third its natural size; that is, 41% eallons can be in-
creased to 7 by judicions © feeding ™ with frech water,

Two methods of swelling seallops are in use. 'When the scallops are
shipped in kegs whiclh nsually eontain 7 gallons, the following metliod
is applied: 414 to 5 gallons of ' eyes? ave placed in each keg, and ave
allowed to stand over night in fresh water; in the morning, before ship-
ment, mwore water is added and the keg closed, and by the time of arrival
to the New York or Boston market the seallops have increased to the
tull amount of 7 gallons. The second method of “ soaking ' is slightly
more elaborate. The “eyes ™ are spread evenly in shallow wooden sinks,
5 by & feet, with just enough fresh water to cover them, and left over
night, In fhe morning a milky flnid is drawn off, and the % soaked *
scallops are packed for market in kegs or butter tubs.

The process of “soaling " was not instituted until some years after
the start of the seallop indusiry. In 1886 Ingersoll (8) reports that
seallops were not being “soaked " in Rhode Igland and Connectienl.
Dr. Hugh AL Smith (12) attributes the beginning of sonking to the fact
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thint the stunll Cape seallops could not eompele in the Boston market
with the larzer Maine seallops (deop send, and that the Gshermen fonnd
il necessary to inercase the size by swalling. 1 this were the ennse,
the fisheymen soon fonud it deendedly fo their advantage to eontinue the
proeess of selling * watered stoek.”

A elinnge s taken place in the appearance of the seallop o few
hours aftor soaking.  The small yellow or pinkish “eye ™ of the freshly
apeyed seallop has taken on o white, pluinp appearance, addinge greatly
to its salable qualities,  On the other hand, the fine Aavor and freshness
ltave disappeared, “ sonked ™ out, so to speak, and the travsformed seal-
lop lacks many of the qualities which emlear it to the heart of the
epicirvenn. Considerable loss in nourishment has taken place; althongh
exact figures have not been conelusively obtained by experiment, and
thie seallop spoils muoeh sooner than the noscaked. If kept too lony
the absorbed water is given off and the scallop shvinks back to its
original size, o process wlicl is more qnickly accomplished on the
frying pan, wheve the * soaked ™ =callop rapidly shrivels. While too
much eannot be said to disconrage the “sonking ™ of seallops aud fo
educate the pablic to demand the real artiele, it can be fairly stated
that the process, althongh produeing an inferior artiele of food, is not
defrimental to the publie healih as long as proper sapitary preeantions
are talen by having (he smreundings hygienie and hy using pure
water.

The practice of * soaking * will only cowe to an end when the publie
vefuse to huy anything nt “ dry* seallops; and only till then, unless
specia! legislation is enforeed, will “soaked” scallops be taken from
the market. At the present fime, if the wholesalé dealers nniformly
demanded “ nnsoaked " seallops from the fisheymen, and inereased the
price, they wonld be able to get {heir shellfish unsoaled,

Fgod and Waste.— The determination of the amonnt of food and
wiste in the seallop was nndertaken with senllops from six sealloping
towus, comprising the three seetions of Buzzard’s Bay, Cape (‘od and
the islands, In this work the “eye’ was considered the only edible
part of the animal, Fowr sizes, 55 millimeters, 60 millimeters, i) milli-
eters and 75 millimelers were used. Ten' seallops of each size were
dissacted, and the weight of the different parts recovded.

(a) The Food Value of the Average Seallop,— The “eye™ or edible
pottion eonstitntes bul a small part of the entive seallop. By weight
the actual food in a scallop of 65 millimeters (2%p mehes), the average
from all (he detenminations, is only 1757 per cent. of its weight, Thus,
in opder to got 18 ponnds of *eves ' (2 gallons) it wonld be necessavy
to proeure 100 pounds of living seallops.

The mverage seallop (Fig, 82) is made up as follows: total weiczht,
1.5 ounees; or 100 per ecnt.; fotal non-adible part, 1.23 onnees, or 82.23
per cent. (ineludes both gliell and non-edible soft part) ; non-edible sofl
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parts, A9 of an ounce, or 32,8 per cent.; shell, .74 of an ounce, o 49,43
per cent.; actual food, .27 of an ounce, or 17.77 per vent, Considering
merely the soft parts of the seallop, the proportion of food and waste
is much closer. The “eye” is by weight 35 per cent. of the soft parts,
while the non-edible soft parts constitute the remaining 65 per cent.

(b) The Non-edible Partsi —The non-edible parts of the seallop can
be divided into two elasses, (1) the shell or hard portion, which is neges-
sarily waste exeept for certain unses common to all shellfish, (2) the
viseera of the seallop, or all parts except the “eye.)” The latter is fhe
non-edible part proper; as in other shellfish these parts are ufilized for
food.

(1) The Shell.— The shell impregnnted with lime salts pecessarily
makes np a zood portion, ahont one-lalf, of the total weight. However,
it eanmiol be eonsidered waste except in a non-edible sense, as the seallop
shell is found usefn] in scveral ways. (a) Oyster planters buy large
quuntities of shells for culteli to cateli the oyster sel, as the fragile
nature is most servicenble in separating the clusters of voung oysters,
The average price runs from 3 to 5 cents per bushiel. The greater part
of the shell heaps are ulilized for this purposge. (U) On Cape Cod,
shell roads and walks ave sometimes made with scallop shells. (¢) Werk
baskets, pin enshions and varions ornaments of the house are decorated
with seallop shells; (d) Within the lost few years seallop shells bound
together with ribbon and confaining miniature photographie views, for
sonvenir postal eavds, have been put on the market by Doston fivms, who
purchased the cleaned shells from the seallopers at the rate of #6 per
barvel. Only the lower or bright colored valve is nsed.

(2) The Soft Parts.— The non-edible pari or body of the seallop
forms 32.8 per cent. by weight of the total seallop. While not utilized
for food at the present time, although there is no reasonable objeetion
except enstom and prejudice, it is made use of for («) fish bait, either
fresh or salted; (&) fertilizer. The probable reason why this whole-
some flesh is not made use of as food 1s beeause of the brilliant coloring
of the mantle and its longh appeavance. Other shellfish, such ae the
clam, quahaug and oyster, arve eaten entive, and there is no good reason
why the scallop should not be talen in the same way.

(¢) The Size of the * Eye.”' — The relative size of the “ eve " increases
with the size of the scallop, as its percentage by weight is slightly
greater i large scallops. The percentage by weight for a 00-millimeter
sca"op is 17.47 per cent.; for a G5-millimeter, 17.87 per ecent,; for a
T0-millimeter, 17.07 per cent,, while the vatio of shell and body does not
seem to ehange. The actual weight of the “ eye " varies in the different
localities, some showing as muieh as one-fourth more weizht for the
same sized seallopn  In percentage the Buzzard’s Bay distriet led, averag-
ing ahont 1518 per cent., with I8.70 per cent. high ai New Redford.
while Chatliam and Nantuckel gave only 17.20 per cent. and 16.67 per
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vont, vespectively.  This faer does not Gndieate anything abont ihe
food value of the seallops from these lovalities, bul is merely cited to
show the variafion in the weight of the * eye,” and that Duzzard's Day
seallops shonld yield a greater roturn per bushel,  Beside this varintion,
two eonditions fnlluence the size pnid weight of the “coye™: (1) the sen-
son ov time of year, as the “eye " is reported by the fishermen * o turn
out more to the hoshiel ™ when the vold weather eomes ons (2) the age
of the sepllop, as the “eve™ uf a two-year-old seallop (one that has
passed the period of allotted life) is looser in texture and weiglis less.

{(d) Weight of Shell.— Differences in the weight of the shell for
seallops of the same size ocenr in diffevent localities, The weight of the
shell ¢ determined by two faetors, (1) the rapidity of growth; (2) the
amonnl of lime salts in the water. These faclors are vavely the samne
for any two loealities, and natuvally variations wonld be expected in
the weight of the shell. The average weight of the shell for a 63-milli-
meter seallop is 210 grams, vet in six localities we find the weights
ranging anywhere hetween 20 and 23 grams.

Tive Lais.

Tlie question of zeallop legislation has attained eonsiderable impor-
tanee during the past four years, particularly in regard to the “seed "
seallop. Dwing this period three laws have been passed, with the
ostensible purpose of protecting the * seed)” but have proved Far from
satisfaetory both from the standpoint of the fishermen and the offieials
emploved by State and towns for their enforcement. The rensons for
the nusatisfactory state of affairs resulting from this frequent change in
legislation: are twofeld: (1) it is almost impossible to give n eompre-
hensive legal definifion of a “seed” seallop; (2) a general law neees-
sarily eannot suit all loealities. The present law of 1910, founded on
the legislative experience of past vears, shonld prove satisfactory to the
State as a whole.

In the early days the =eallap was not eonsidered worthy of legisla-
tion, ps it had no market value, and was genernlly considered as a
poisonots or non-edible shellfish.  With the opening of the market
arase the necessity of regulating the fishery, and legislation of a vestric-
tive choracter was enaeted,

Previons to 1874 the seallop eame undor the general aets ineluded in
the term shellfish, with the clam, ovster and ¢uahavz.  The geueral
acts were of several kinds, (1) town regulation; (2) permits; (3) seizure
in vessels; and (4) prolection of the shellfisheries by limiting the eatch,
place and time of taking.

In 1874 pecturs the first mention of the word seallop in a legislative
get **to regulate the shellfisheries in the walers of Mount Hope Bay
and its tributaries,” whereby the seleetmen of the towns hovdering on
Mouni Hope Bay were permitted (o gratt leenses Tor the enltivation
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of elams, gquahangs and seallops, and other shellfish to any inhabitant.
1t seems strange that such an advanced sud beneficinl aet should have
been passed at that early period, as it was clearly before its time, awd
unsatisfactory, as is shown by its repeal the following year. It is only
within the last yeny that similar legislation has been passed for ilie
guahang. Although it is improbable that the cultivation of seallops will
ever hecome exiensive, it is only the question of a short time when the
eultivation of all shellfish will be legalized, _

The second mention of the word seallop is found in ihe act nf 1580,
by which the Commonwealth gave to the towns and eities their present
aversight of the shellfisheries and fnll power *to control and regulate
the taling of eels, elams, guahangs and seallops.™ This acl was later
armended by the Aets of 1880, but the general terms of the act were
not changed, and the present law is but shightly different. Town eon-
trol as applied to seallop fishery las ils advanlages and disadyvantages,
and the wisdom of State eontrol i1s a debatable guestion. The present
system is to the advantage of certain towns and a loss to the fishermen
of the other towns and to the weteral eousnmey; since town restrictions
prohibit the taking of shellfish by ontsiders. Owing to the short life of
the scallop the adults lpft untaken, occagionally in large numbers ai the
end of o season, perish before anoller year. More men could have
heen given employment and a greater supply furnished the eonsumer
if the large beds had been opened to other fishermen besides townsmen.
As matters exist, the majority of fishermen sesm satisfied with the
present system of town eontrol, and unutil publie opinion s favorable
to the best-utilization of the seallop fishery, State control is not desirable.

Speeial legislation for the seallop fishery was first enacted in 1885
by an aet which limited the eaich to 25 bushels a boat per day, the
firsk restrietive legislation upon the seallop fishery. Sinee that time,
within twenty-six years, exght State and seven special neis for towns,
in all fifteen laws, bave been enacted, all hut one of which bave been for
the reculation of the fishery as regarvds permits, season, eatel and town
snpervision. The only exception was an act empowering the Commis-
sioners on Fisheries nnd Gome to make an investigation of the spawn-
ing and propagation of the scallop, These laws illustrate the following
features: —

Daily Limit to the Cateh.—The act of 1885 placed a limit of 25
bushels per day for each boat, making no allowance as to the size of
tlie boat. No record of the repeal of this aet has been fonud, and it
remained practieally an unknown law until 1010, when a limit of 10
bushels per day for each person was passed.

The Svason. — Previons to the net of 1885, which made a slosed season
between April 15 and September 1, there had been e vestrietion upon
the time of capture, The primary ohject of this act was due to a desive
to protect the scallopr during its breeding season. and beeause the winter
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montlis were the best snited for bandlive snd mavketing (he * oyes”
In 1557 and in 1898 the elosed season was elianged to Apral 1 to Oeto-
ber 1, which proved satisfactory uutil 1809, when the experimoent was
tred of sloviening it to Seplember 1. Tu 1910 the act of 1808 was
repealed, st the petition of the seallop fisheriien of the Commonwealth,
and the old lmits (April 1 o Oetober 1) restmed. The avts of 1885
gud 1887 probibited the capture, sale and export of scallops during the
elosed senson, while that of 1586 replaced the word export by “ have
i possession.  Tn 1900 aoy inhabitant of the Commonwealth was per-
witted to gather by hand seallops for his own use at any season,

Lhe Penaltivs,— The aels of 1585 and 1887 gave a maximum penalty
of #20, which was inereased to $30 by Lhe aet of 1896, which likewise
established & minimum of $20. The aets of 1907, 1909 and 1910 lowered
this penalty to a minimun ol $5 and a maximowmn of $20, Speeinl acls
for the towns of Buzzard's Bay, in 1588, 1802, 1803 and 1900, estab-
lishied a penalty of $20 to §100.

= Seed " Scallops. — Legislation for (he protection af the *seed™
scallop was first enaeted in 1557, with maximum penalty of 20 for
each offence, which was inereased to #30 in 1806. Neither act m any
way defined the term “seed " seallop, In 1906 a * seed " seallop was
lezally defined as a seallop nnder 2 inches, but a size limit proved un-
satisfactary, owing to the great variation in size of young and adult
seallops, and was reploeed in 1907 by a detailed definition. This defi-
pition, althongl desevibing thorowahly the “seed " seallop. proved too
cumbersome for legal uge, and was simplified in 1004 to yveml merely
“ g well-defined growth line.” The aet of 1900 gave a leeway of 15 per
eent, for the * seed " unavoidably taken, which made the law diffienlt to
enforee and hormful to the fishery. This percentage was lowered to a
nominal 5 per cent. in 1910, “ Seed 7 seallop lemslation has been the
most tronblesome, owing to the dilllenlty in adegnately defining the
term so that it will bear legal interpretation. As loug as the seallop
fishermen refuse to take the immatire seallops, there is but little need
of Lhe rigid enloreement of the * sead ™ seallop luw.

Touwn Laws.— Speeinl acts for towns are somewhat different tlan
the general State laws governing (he fishery, as they merely apply 1o
Ioenl waters pud emphosize (he powers already given by e general
shellfish law of 1880 to the town officinls.  Speeial seallop laws apply
to Nantucket, Waveham, Bowrne, Maron, Rocliester, Maltapoisett anid
Fairhaven, and arc of two elasses: —

() Bait Repulation.— Nantiwcket is the only town which is allowed
to eateh seallops Lor bait out of senson, and herve only from April 1
to May 15, according to an act of 1001, previons to which the limit
wesg friap Apeil 1o May 1 by (e aet of 1888,

(L) Loecal Iegulation hy Pernvits.— The selecumen of Lhe towoes
above medtioned, exvept Nantnekel, were ompowered by spedial acts 1o
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isstie | ermits for sealloping in whatever way they saw i, and at what-
ever charge they deemed proper. A severe penalty of #20 to #100 fiue
was imposed for taking seallops without permils, except for family use
and for bait. Af the present time five towns, Fairhaven, Marion, Matta-
poisett, Wareham, and Nantucket, issue specinl sealloping permits,
while four others, Bourne, Cliatham, Edzariown and Harmviel, indude
the seallops nnder the general shellfish permits,

The loeal town laws which benefit the seallop industry arve made each
year aceording Lo the condition of the industry. Edgartown and Nauo-
tucket have perhaps the best-governed seallop industries. Laws vequir-
ing licenses, regulating the opening of the season and restrieting at
proper times the cateh, so as to get the best market prices instead of
overstocking the market when the prices are low, are to be recommeanded
on peconnt of their beuefit to the seallopers,

Sceallop Legislation.

4—7_'_ — A-j—. - T_“
|
No. Dais,| Kind, Penalty. Frovinions, Remarks,
1 | 1574 | Bpeecinl | %5 1o #10 and #1 | Liccose to plant seallope tn - Repenalod 1875:
o, per bushel. Sumerscet, Swanses, Fail word ' scallop '
River, wentiond.

S | IS0 | State, .| #3004, . o| Towns W regulate shellfish. | Word *rseallop
cries, ulen il

3 | 1285 | State, .| 820, - + | 25 bnshels Wity closed sea. - L
s0m A pri] 16 1o Septembor 1. |

4 | M687 | State, , | &3, . - Sem seallopas closed seg2on - -
.'\riaril 1 to Octaber 1.

3 | 187 | Toewn, . - - Nantueket allowed to take - —
senllups for Ledt  from
April T to May 1,

B | 1858 | Town, . | $20 to £100, , + | Warchnwm and Bourpe: per- B -
mits.

7 | 1888 | Stite, . - - Town regnlntion, . . v Mo:liﬁgcu:lon of

ac ke 2o

8 | 1598 | Town,. | €20 to £100, . Maliiou. same ne No, 6; per: - -
milEs.

4 | 143 | Town,. - - Mavion, Sec. 4 of No, B | Word  “whtors™
nmended; Roelhoster, Mat- added,
trproisett,

10 | 1803 | Town, .| $20to &100, , « | Fairhaven, same ne XNo. 8, . - -

11 | 1808 | State; . | 821w &80, , « | Sewl ilixmhlh'llﬂi'. season | Bepetition of 1847
April 1 to October 1. ui'.t, EXCCpt pon-

alty,

12 | 1906 | Town, . | $20 to 2100, . - | Mattapoisett, same as No, &, = s -

13 | 100 | Town, . - - Nantueket; bair, April | to - _
May 15
W | UM | State, . | &5 to 810 for first Capture prolibited \n con- | General shellfish;
offence; %50 to mminited wtors. Fish and Game
LA {LTH Commiasjon
JHATErE,
15 | 1805 | Bthte, . - = Investigntion and report, . - -

16 | 1906 | State; . | 30t @50, . “Seed " weallop, 2 neli limit, | Hepealed, 10907,

17 | 1907 | State, . | #ato £20, . “Seed " genllop, definition, . | Repealsd, 1109,

18 | 1609 | Siate, .| N ot exceeding | Definltion of *seed "' seal. Repealed, 1010

223, lop; 156 per ceut, "' seed "'y
v]a];lure by hand at any
thne, !
19 | 1810 | State, . | NoL excecding | Definition of “seed" genl. - -
28 top: 5 per cent, © sfed -t |
ecapture by hand af any
time; daily eateh 10 bushels,
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Method of Improving ihe Scallop Indiestry.

AL the present age o fshineg wdustry muost show a steady development
to keep pace with the inereasing watket, whicl is continually widening
through better transporlation facilities, Unfortunately, the tendeney
in the past has been, partienlarly in industries diveetly dependent npon
natnval resourees, to meel the question of progression by inerensing (he
vield thyongh the improvemeunts in implements and methods rather
than by attempts to inevease the natural sapply, with the rvesnlt that
under the inereased strain the natural resources have been seriously
impaired and oftentimes eompletely destroyved. In these eases protective
legislation has either been absent or based upon wrang prineiples, Ix-
amples of mpaived vesonrees ave found in the natural oyster beds, the
shad, sturgeon and alewife fisheries, the elam, quahaug and lobster
industries, ete. In the foulnre, fishing industries shonld be developed
both by improved wethods and by the inereasing of the natural supply
throngh propagation and protection, a work which is being corried on
by federal and State fish commissions, and is gradually wideping ils
seope to include all kinds of fsheries.

The seallop fishery presents peenliarities which differentiate it from
other fishing indnsivies, and a knowledge of which ig essential in epn-
sidoring its improvement. (1) Proteetive legislation is principally
ronfiied to the “seed ™ seallop, or seallop less than one year old,
although (he new law of 1010 has placed a daily hmit of 10 bushels for
each man's enteh. (2) The future welfare lies wholly in the handgz of
the fishermen and their proper vespect for Lhe preservation of ihe
“sead "' seallop.  (3) Althongh there i= plenty af voom there is no
great prospect for a wide expansion of the fishery, as there are few
wars of artiicially inereasing the snpply s hit, on the other hand, if the
spirit of profective legislalion prevails there is but slight danger of a
serioiz diminution. (4) The scallop fishery is peculiarvly fortunate, as,
nnlike the ¢law and quahang indostries, it is unaffected by heavy fish-
mg and needs but minimum eéare on the part of the fisheymen to remain
in exeellent condition for years to eome. Thus, while there are few
pessibilities for its development by inereasing the matural supply,
there is but slight danger of its permanent extinelion.

Methods of Increasing the Natuwral Supply.— The possilnlities of
ineveasing the supply of seallops and thus wnproving the fishery awill
fivst be taken np.  Many short-sighited fishevimen wounld be opposed tn
the inereasing of the supply; for they eonsider that the priee wanll he
lowered, and they would prefor a hieh price and small supply. But
this iden i= erroneous, g2 it tokes no longer (o dredge from thick heds
than it does from depleted areas, and in view of tlie inereasing popu-
lavity of tlie seallop the price wonld sooir vesain ils former level, The
eongmimer winld be the gatner by the inetoased prodnetion, which wonld
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tend o make seallops no longer a luxury bof a part of the common
diet, However, the fisherman need bave no fears in this direction, as
investigation has shown that theve ean be no great inerease in the seallop
supply, althongl many of the poor years ean be avoided by proper
foresight and by work along the lines here sngpested.

Tlie reason that the scallop supply can never be sneeessinlly inereased
is due, (1) to no practical means of artificial colture: (2) it was found
by this departuient that money expended in propagating the embryos
and woung at the present time would be wasied, for the destruetive
ageneies enumerated in ehapler IV, wonld defeal any igerease of the
snpiply throngh suceessive years, one bad season undoing the work of
several years and entailing a new start, If a severe winter killed all
the spawning seallops in one locality, there would e the sawe searcity
of spawn, no malter how great the number of seallops. 1f such disas-
lers were of rare ocenrrence the effect would nol be so muportant, but
destimetion oftenn gecurs upon the shallow fats.  Thus, nuder vatural
conditions there seems a maxinmm aid minimnm point of variation
between which the seallop supply is constantly wavering, The supply
can he somewhal increased and eonditions improved hy judicious trans-
planting from the exposed places, thns eliminating the sdyerse eon-
ditions, >

(a) Artificial Propagation.— Artificial propagation may be of two
kinds: (1) vaising the voung from the egus; (2) calehing the spat. 5o
far onr experiments have indicated that 1t is impossible to raise ihe
young embryos in sofficient nuwmbers for commercial hatching, Un-
doubtedly some benefit wonld vesult from the artifieial fertilization of
the eggs and the liberation of the young larvee when they first begin to
swim, as il natnre theve is a gieat loss Lhrough non-ferfilization. But
such a vesult is purely theoretical, as there is no way of determining
thie loss when the spawn is liberated. When kepl in hatehivg tubs the
majority die before they attain the slell stage. o far this method has
proved nnsatisfactory, and it is hardly Uelieved that it ean be pnt on a
practical hasis.

Spat collecting has already been cousidered nnder chapter IV, and it
only is necessary here to state thal for practieal work spat colleeting
does not pay. as greater quantities of seallops van be obiained when
small from the eel-grass flat= than could be caught with extensive spat-
collecting appavatns,  Looking ot it iy one way ihe seallop supply
would be inereased so much hy the seallops taken on the eollectors,
as they probably weuld nol swivive to set elsewhere, but sueh would
be o * penny wise and pound foolish ™™ method for the planter; If a
seallop enlturist found it impossible to oblain * seed ™ it wicht pay him
to try spat colleeting, This wounld only oeeny in vare instanees, where
seallops were not plentiful.

(b)) Artificial Culture. — The ¢nestion of raising seallops artifieially
for the mavket, and thns inweasing the general supply, was one of the
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first points considered in this investigation. Pavallel work ou the qua-~
hang and elam showed that by individual eultire or farming the general
supply eonld be inévepsed, barren aren made lo yield a harvest, the
decline of the natuval supply ehecked, and n profitable imdwstry employ-
ing several thmes the suomber of men now engaged conld be started.
Conditions were found to be different with the seallop, There preserions
Titations (o individnal enltivation, Scallops ean swim and wove for
shorl distances, although they do uot make the long migrations con-
monly eredited to that species, and thns requive penning. 1t was found
that in n few places fn the State the seallop could be culiivated by
private persons,  In every mstance the loeality of the prospeetive
grant was in f small bay with o narrow outlot, situations so rarvely
axisting that the idea of private seallop enlinre minst be abandoned,
Undoubtedly in the future, when granis ave given for oysters, clams
aud quahangs, they will Le assighed under the hroad term of * shellfish
erants,” and the seallops wpon these botloms will be considered as he-
fonging to the grantee. In such eases the seallop is of secandary con-
sideration, nnd in realily there will never be many true seallop grants.

(e} Communal Culture.— The seallop offers better opportunities for
cominnnal enltnre, fe., by fowns. There is It one way onow known of
artifivial propagation foy ihe seallop imdusivy, ie., by teansplanting
in the fall the abundant set from the exposed places to the deeper
water before the “ seed ” is killed by the winter. 1If is merely assisting
nature by preventing a patneal loss, and in vo sense can properly be
termed propagation. Tt is a preveative, and wmonev unsed in this way
to preserve the seallop is well expended. Usually the set is abundant,
and ean be transferred in laree nnmbers. This is the enly practical
method pow kuewn of inereasing our scallop supply; thomgh it is
hoped in the future that other methods mny be devised.

In connection with fhe above comes (he question, if we can thns
preserve seallops doomed to destrnction, will it uot be pwofitable to
transplant seallops to places where the scalloping has been extermimaled
by various canses, and by means of these * sceders " fnrnish sueeeeding
generations which may popnlate the harren areqs? This plan is prac-
tieal and feasible, and should be siven due considevation, Why shonlid
not scallops be transplanted to fhe havbors of Buzzard's Bay (o again
peatoel: these arvéns 7 Often the attempl miglit Eall, hul there is bonnd
to he suceess il there is perseveranee.  The best time to plant seallops
is in the fall, as a donble service will he eiven: (1) preservation from
destrngtion of the seed seallops; (2) Tuepizhing spawn. aid young in
the barren loealily. Ingersall (8) speaks of the pestocking of Oyster
fay in 1880: —

In the spring of 1880 ecl zrass eame: into Lhe bay, hringing young seallops
[the pel grass enrries the seallops attached to it by the thread-like hyssus];
thus the abunidanee of that yoar was aecounted for, though there had not
been a erop before in that bay sinee 1874,
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If sueli o vestocking ean be accomplished by natuve, it van be done
with more certain effect with mnan's assistance,

Restocking Barren Areas. — The practienbility of restocking barren
or depopulnted areas is illustrated by the following: As few uatural
seallops were found in the Powder Hale, Monomoy Point, in 1906, and
as it was desived o have the place well stoclted for experimental work
in 1007, 30 bushels of small seallops about the size of a4 guarter of a
dollay were transplanted from the Common Flats al Inward Point i
November, 1006. The result was an enormons set from these ' spawn-
ers 7 in 1907, and the sandy bottom along the shoves of the Powder Hole
during the fall of 1907 and the sammer of 1008 was thiekly covered
with the numerous 1907 set. The fishermen, who had been at Monomoy
for years, remarked that il was the largest set that had ever been seen
in the Powder Iole. It ean be fairly nsserted that the remarkable
abundanee was due to the bringing in of ihe spawners, and that tlus
case is a striking illustration of the proper methods of assisting pature
in inerensing the seallop supply in any particular loeality,

Our present town laws stand as obstacles {o any restocking, as no
town will give up the slightest part of its “seed ™ seallops ta another
town, thus making any practical tests impossible, Time will smooth
away these diffienlties, and the welfare of the community as a whole will
be placed before the petty rivalvy of towns.

Improving the Fishery. — The seeond means of improving (e indus-
try is to inerease the efficiency of the fishery as resards methods, mar-
keting, utilization of waste, ete, TPerhaps the most important means of
developing the fishery is to keep the fishermen well informed as to what
is going on in other scalloping distriets, what opportunities ave being
opened for the marketing of shellfish. how the waste produets ean be
utilized, and how the fishery can be preserved. This report confains
practically all obtninable information wpon the seallop and the industry
i Massachusetts at the present time. While the main facis set forth
it the preceding pages about the life and babifs of the seallop will
remain the same, the eondition of tlie industry will change, and in the
future the deseriptions of methods, implements, marketing, ete., will be
of little praetical valne except from an historiea! standpoint. It is
sincerely hoped that this report will attain its main object, i.e., the
presentation of the life history of the seallop and the needs of the
indnstry in sneh a light to the fisherman that ke will realize the great
necessity of the preservation of the “seed " seallop for the maintenanee
of the fishery. At regular intervals, for instanee every five years, small
pamphlets containing up-to-date information concerning methods of
developing the fishery, as regards haplements, marketing, utilization of
waste, ete,, should be distributed among the seallopers.

Besides the piilization of the waste parts, the uses of which at the
present time have been ennmerated under the food value of the geallop,
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the market can be improved in theee ways: (1) To do away with the
marketing of **sonked " seallops by the eo-operation of (he dealers
and the payment of a proportional inevesse in price per gallon for
“ovy ™ scallops from the lsherman, (2} Co-operation befween evm-
misston werchants and seallopers, which wounld resull in better satisfae-
tion in both goods amd prices, and do away to some extent wilh that
greal bughear, * mneorlainty of vetorns,” which is so disconraging to
the fsherman aud makes the Oshery a lottery. (3) To wnevense Lhe
popnlar demand for seallops by wider fields through the transportation
facilities and advertising.

The methods of capture will slowly improve. No snggestions can be
offered heve for improvements in dredges, ete,, as each locality has con-
ditious pecnliar 1o itself.  The deseription of the different styles of
dredges in tle varions localities may eause innovations in eertain see-
tions which Lave fallen in that rut of enstom so prevalent in our fishing
towns. During the last few years the gasolene dredger has gradually
vepilaced the sail, and while dredging with sail will probably remain, it
will be in eombination with power, as in power entboats, resnlting in a
partial revolntion in sealloping methods.

The guestion of jnst and fair laws has been an important factor in
the fishery. While in the past all laws have not met this standard, the
tendeney at the present time and for the fnture is improvement in sim-
plicity and justice, with the sole aim of preserving the fishery, sorving
the consnmer and protecting the fisherman,

CHAPTER VII—METHODS OF INVESTIGATION

Owing to the different classes of readers, and with a desive to pre-
sent the materinl so that it will be mtelligible to all, it has seemed
best to “enll” from the main portions of the report the various
methads, tables, ete, which were used in its preparation, and to incor-
porate them in a reference chapter, wlere, though aceessible, they
will not interfere with the continuily of the narrative. In this way
the report is made more interesting to the fishermen and general pub-
lie, withoul detracting from its seienfific value. Thronghout the paper
vonstanl reference is made fo the eontents of this chapter, for (he
purpose of avoiding repetition and unneeessnry deseriplion,

The chapter is mainly divided into: (1) methods usged in sbiain-
ing the early embryology and life history: (2) methods of eonducting
the growth experimeuls; (3) tables: (4) glossary: and () bibliog-
raphy,

Embryological Methods,

It is hardly neeessary to deseribe in detail the weneral methad of
investigation of tha eavly life Instory of the seallop. Tt is sufficiont (o
state that the usnal methods of mieroscopie study, ecamera lueida
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drawines, various micrometers, preparations, fixatives, ete,, were em-
ploved, while the material was ohtained in a variety of ways;, as is
hereafter deseribed. The invesfigalion on the life history was em-
yied on at Monomoy Point during the summers of 1006, 1907, 1008,
and 1000, and at Wellfleet in 1908, Only those methods are hore
deseribed which especially apply to the seallop or show sema peet-
liavity which remdered them of valne in this investization.

Method of measuring the Seallop Fqy.— The size of (he mafure
seallop ergs was determined with the aid of camera [ucids drawings
and a standard stage mierometer. This work was done with omilars
1 and 2 and objectives %3 and 6, Banseh and Lomb wmieroscope, the
camera Incida and staze micrometer also being obtained from tho
some firm. The average measnrements of several hatehos of egps,
hatebed in 1906 at Monomoy Point, jnst previous to fertilization, gave
the lony diameter as Ygae millimeter (Mo of an inch) and the short
diameter as ¥npe millimeler (Y42 of an ineh). These measurements
do not eorrespond with those made by Risser (2), wha found fthe
size to he Yoo of an inel, or abont one-fifteenth as large as the meas-
urements made in this investigation.

Method of detarmining the Number of Egps produced by the Aver-
age Seallop in One Season.— How many eggs does a seallop contain
at time of spawning? The answer varies with the size of the seallop,
a lavge specimen possessing many limes the number in a small one
For the purpose of determining two sizes were used, (1) small, 40
millimeters (19§ inches), (2) large, GS millimeters (294 inches), Tak-
ing s of a millimeter (Yoo of an inch) as the average diameter of
a seallop epg, the number of ezos in a enbie millimeler ean be esti-
mated as 4000, and as there are 1.000 enbic millimeters to 1 cuhie
centimeter, there wonld he 4,096,000 sges to 1 eubie centimoter. As
it is estimated that one-fonrth of the volume is taken up by ege eap-
sules and tissue, it can be safely stated that there are at least 3,000,000
pges to 1 eubie centimeter. The second operation consisis in remov-
ing the ovaries from a number of seallops of a =iven size and meas-
uring them in graduafes {o determine the volome of Lhe average
ovary. From this data the average numher of eges that a seallop
of any size iz eapable of producing can he readily ealenlated. Tweniy
ovaries of seallops measuring 40.15 millimeters iy size made 10 enhie
centimeters, one specimen thns averaging 14 cubie centimeter. There-
fore, a 40-millimeter seallop ean produee about 1,500,000 ezus in a
season:. The average of seven G8-millimeter seallops made the ovaries
of ane equal to 1%¢ cubie cenlimeters. Therefore, a GS-millimeter (2.7
inches) seallop may produee in a season 4,255,700 eges.

Al best this ealeulation is only an estimale. Exactness would he of
little practieal value. The errors which arise are as folléwe: (1) Tn
compuling the number of ezes fo the enhie millimeter the egos are




OF MASSACHUSETTS. 127

considered as spherves witlt intervening spaces; wheveas . veality they
are poacked together in distorted shnpes in the ovary, This perhaps
offsets the second crvor.  (2) TIn bhe seeond part of the eompmtation
the voils of the dizestive tract, left in the ovaiy, ave dot allowsd for,
and with the ouler covering are included in the tatn) voliime, (1)
Ancilier evyor arvises fpom the fael that all the eggs way not he as
Inpze ns the mabive ones.  (4) Thore is also the eoom faken by fhe
ez eapsnles and tissues, Whether these crrors offset each other, or
whether the one-fonrth allowsnee is eorvect, it s impossible to siate,
However, for all practical pposes e method and connt arve apenvate
enongh,

Method of deteemining the Number of Spermatozon produced Ly
the Average Stéallop i One  Season, — The wethod of lindine the
nomher of spermatozoa in the testes of a seallop is practically the
same as in compnting the number of sows in the ovaries. Tt takes 260
spermatozoa leads placed lengpihwise to mensnre 1 millimeter, and 500
heads placed side by side to meastire fhe same distance. It there-
fore takes G5.000,000 fo make a volnme of 1 cubie millimeter. By a
generons allowance of 15000000000 for tails and tissue there wonld
still be left 50.000,000,000 spermatozoa to every cubie centimeter. Tt
was found that the size of the testes and the ovavies in {he rame seal-
lop was practieally identical. and that the festes of a 40-millimetor
and a 6Sanillimeter seallop measnred 13 eubie eentimeter and 1%
enhio centimeters respectively. Thus the average 40-millimeter seallop
i capable of produeing 25,000,000,000 and the 68-millimeter seallop
T1,400,000,000 spermatozon.

Methods of recording Spawning. — A variety of methods  were
emjiloyed in determining the spawning of the seallop. Chief among
these were (a) general observation at the various sealloping localilies
of the eoast; (b) mieroscopic examinafion of the éces from the ovaries
at different seasons; (e¢) the plankton net; (d) recording the color
of the oze sae by color eharts: (&) appearance of the young set in
the differont loealities nnd at diffevent years: (f) individoal
spawmihe.

{a) General Obsereation.— This method was chiefly followed in
1905 and 1906, Trips were made lo the varions Ioealities, sueh as
Edgartown, Nantucket, Buzzmd’s Bay. Cape Cod, and the condition
of the egz sie of a lnrge mumber of seallops noled both by eve and
by microseopical examination, The eondition of the sexnal prodoets
were then elassed undor three heads, (1) immatnre, (2) spawning, (3)
spawned, aceording as to whether the eges had heen liberated at that
date. By making seveval trips during the snmmer o genernl iden of
the durntion of the spawning sea<on and its variation in Massaclmsetts
walers was obtained.  This method, thongh naturally inneenrale in the
minor defails; nevertheless proved extremely nseful.
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(b) Microscopical Exanination.— This method was unsed to more
or less extent with (&), and was only of additional value in following
the development of the immature eggs previous to the spawning season,
showing al what period other investigations shonld be started. The
eges and sperm were removed from fhe ovary, placed on a slide and
their size and appearance recorded, the sperm being classed as (1)
active or (2) inactive.

(¢) The Plankton Net.— A small vet of silk bolting eloth No. 11,
with a diameter of 12 inches, and slightly tapering for 24 juches (o
a rounded bottom, was nsed for this work. By towing the nel through
the water ihe veliger larve, which ave abundant during spawning
season in the water. could be eapturved. This is an imporiant method
of recording the spawning, as the presence of seallop veligers from
two te four days old is proof that the spawning season is under way.
By niaking daily towings under the same couditions and for a definife
distanee, it was possible to connt the number of larvae in the water
each day, and thus detemnine the conditions iufluencing the spawning
season, Althongh this method has been of greater value in the work
on the other shellfish, as the same method is applieable (o lamelli-
branelis in general, a deseription is Lerve given,

The plankton net, as shown in Fig. 72, is aftached in the form of
a bag o a copper ring, to whicli the tow line is fasiened in the same
manner as a kite string. The outfit is trailed from the stern of a dory
or rowboat for a definite distanece at a slow, mniform rate, so that no
ountward enrreut will sweep away the larvie from the month of the
net, which acts as a sieve to eolleet all mieroscopie organisms foo lnrge
to pass through the meshes,

When the proper distance is covered, the net is taken from the water
and the eoutents washed into a small pail containing from 4 to 3 inehes
of elear sea water. The lamellibranch and gasteropod larvee ave now
separated from the rest of the tow contents by giving fhe water a swift
civenlar movemeni avonnd the edge of the pail wilh a small shek. The
action of the water forces the larvie to settle to the bottom at the
eenter of the pail, where they ean be readily transferred by a pipette
to a watch glass for study.

A eonvenient means of analvzing the towing similar (o the Sedgwick-
Rafter method of a diatom conuting was devised. The larval contents
of the towing was spread evenly thronghout a eell 50 by 20 by 1 mil-
limeters, eovering an area of 1,000 square millimeters, or a eubie vol-
ume of 1 eubie centimeter; and ten counts (e of the total area),
eael eovering an arvea of 1 sgnare millimefer as measured with a square
ocular micvometer, were made from different parts of the eell to got
a representative average., The approximate number of larvin for each
species of shellfish was obtained by mulliplving the snm of tliese sounts
by 1060,
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(i) The Coloy Churt.— The color of the ovaries of a seallop is an
exeollent test of thenr waturity, as when distended with vipe egus they
generally have a vich orvange hue. Before and during the spawning
season all grades of eolor from o (esh pink to a deep orange van be
found. While doubtless there 15 eonsiderable variation in the color
at malurity, the general average is sufliciently eonstant to warrant
nsing it as a hass for recording the spawning season. By the use of
Prang's color ehart a veeord of the spawning of scallops in the dif-
ferent seetions was made. At Monomoy Poml, by examaning Lhe color
of the ovaries withont injuring the seallop (the valves being merely
held wide apart), the same lots of scallops were followed during the
entire summey, and the color ehanges indicative of the spawning
senson ehmted at weekly intervals, according to the standard grades
of eolor in the ehart.

tel Appearance of Set.— iy observations of the appearance of the
gel in different loealities, and baving already a knowledge of the age
of the scallop at this period, the date of spawmng eould be eorrectly
estupated. The sets, taken on the spat boxes at Monomoy Point, were
cavefully recorded for four years, and in other localities when oppor-
tunity was given.

(f) drtificial Spawning, —In order to obtain aecurate data as fo
the spawning of individual seallops the following method was em-
ployed: a laorge glass aquarinm eontaining fresh sea water was placed
on the warm sand in the sunlight. Small glass jars. eaeh eonlaining
enongh sea water to cover a seallop, were ploeed near the aquarium.
The seallops were gently serubbed with a brosh, rinsed in a pail of
elean salt water, and placed one in eaeh of the sinall jars, under which
dark paper was placed to facilitate detection of spawn. The usual
number under observation al any one time was 16, which proved the
most eonvenient number to wateh. In ovder to prevent injury to the
developing eggs by vontaet with metal the tempevature was taken from
n geparnte jar eontaining the same amount of water. The temperature
of the water was taken at the time the seallops were put in and at
the discharge of the firsst lot of spawn. At each spawning the contents
of the small jar was transferred to a bottle labeled with the nnmber
of the seallop. number and time of discharge, and examined miero-
seapieally to determine whether eggs, spermatozon or hoth were lib-
erated, The ammal and dish were vinsed in the pail, fresh water of the
same temperature was faken from the aguarivm, and the seallop ve-
fnrned fo its former position.

Artificial Fertitization. — Two methods of artifieial fertilization lhave
proved most satisfactory in the study of shollfish larva: (1) vemwoval
nf the sexnal produets by entting: (2) foreing the spawning, nlthongh
the former is not as suecessful with the seallop as with the oyster,
as there are certain drawhacks, sneh as the erushing of (he eegs,
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abmormal development, non-fecundation of the numerous inmature cggs.
aml saerificing the parvent. The other method (foreed spawuing) is
actomplished by transferring the seallops from cool fo warmer water,
which causes the ripe egos to be exiruded in a move patural mauner.
Spawn could be obiained at any time during the season if the fem-
perature was satisfactory, and the same seallops eonld he used over
and over,

In raising the larve for laboratory sindy the aquaria should be
kept clean, a velaiively large amonnt of water for a few larve sliould
be allowed, as erowding vesults in death, and tle decomposing esos,
if not separated by siphoning off the surrounding embryos, sonn cause
the death of all. Wilh every precaniion the death rvate is very high,
owing {0 the débrig, parasitie protozoa. bacteria. ete., which colleet
in the waler, but there is good reason to helieve that by earveful experi-
ment seallops ean be raised in unmbers in the lahoratory, although
during this iuvestieation only o few were suceessiully carried in ihe
post-embrvoule stage,

Artifioial  Propagation. — The ohject of artificial propagation is
the prevention of the gveal *infant mortalily,” as under natural con-
ditions but a0 of 1 per cent. of the number of eggs (develop into
muture seallops.  Artificial deriilization and (he protection of the
vounge embryos doring the first few days of life wonld o a large extent
do away with this great loss; bnt the practical difficulties in suecess-
fully rearinge the larvie over this period ave such as fo make ihe nnder-
taking problematie. At the present time liberation of the epes imme-
dintely after artificial fertilization seems lo be of most henefit to the
fishery.

The Rate of Growth.

Methods of measuring the Scallops.— Three mensurcments Were
made of eaeh geallop (Fig, 63): (1) height, along the dorso-venlral
axis, or from the hinge to the opposite edge of the shell; (2) width,
along e autero-posterior axis, or fromw the Teft to right edge of the
shell; (3) thickness, along the lateral axis. or the depth through the
valves.

The grow(h of any mollusk ean only he acenrately staled hy deter-
mining the gaip in volume. As it was obvionsly impossible to obtain
the water displacement of the seallap with iis loose shell, the following
method of ealenlating the volume was devised: the (lnee dimensions
of the seallop were multiplied tooether and tlhe vesull called the eebic
volume. equivalent to the volome of a solid reetangular prism of
these dimensions, in whieli the sealloyp is thearetically enelosed. Thus
the following proportion can be established: seallop A of enbic vol-
mme 1,000 is to seallop B of oubie volume 5,000 as 1,000 is to 5,000
(A:B::1.000:5,000). Thus seallop B s five times, or 500 per cent.,
lavger than seallop A, and the velntive per cent, nf inevense is oh-
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tained with the same vesnlls as A0 the water displacement had  beon
taken, DBy tuking Severnl hondved mepspvoments of width and thick-
ness for seallops of the same height a table bas been formulabed,
wivitg the avervage width, thicknes amd cobie valume for every sized
seallop,  Thus having given the lwiglit off any senllop, the eabis vol-
ume oo be found and aoy gain in length transformed into gin in
volune,

Measuring  Instrument. — Fov speed, exactuess and mniformity i
measuring lnrge npumbers of seallops it was necessary 1o have o snitable
measuring implement.  (Figo 105.) The iustroment, designed for this
work by the writer, consists of an inverted triangle, formed hy two
strips of metal welded together at the apex of (he triangle, and joihed at
the base by ashort eross piece. The whole instrument is made of hross
except the braised joint, and ean be made as hight as desivad, althongh
there is danger of a heavy blow rendering a light measnrer inac-
parate.  Several sizes were used in the work. the most convenient
having a hase measurine 3 inches. On the sides of the (viangle the
spale 15 marked in millimeters: The measnre is sealed in a simple
mantier by faking across the broad end a certain width in 1oillimeters,
measuring the length of the instrument, and subdividing it into a cer-
tain number of egual parts, each corvesponding to 1 millimeter
This gives casier and more accurate readings as it is possible to read
to 15 of o millimeter with the same aceuracy as to 1 millimeter on an
ordinary rule, eacl division on the fviangle having aclual measurement
of nearly 5 millimeters. Wlien mensuring, the trinngle is hield with the
base away from the body. and the object i1s bronght down the nar-
mwitiz sides until it strikes, al whiclt poiut the measnrement is vead.

The valne of i(he instrument arises from the rapidity with which
neasurements cant he made, as only one movement is required to record
the lenoth of an object. Measurementz could be made nearly twice
as tast as by usinzg ealipers, where two movements are vequived. A
proficient person can measure as high as 400 seallops per honr, three
measurements being taken for each seallop, or a total of 1,200, The
opdinary person ean measnre ahout 300 10 the same time, or 5 seallops
per mitinte.  This jnsteoment ¢an be used for measuring a variety of
ahjeets. and students of variation, where rongh mensurements are alone
required, will find it of grent ennvenience

Gronweth Eeperimente,— The growil experiments were ecarvied on in
two ways: (1) by measnrements at definite periods of the varions sets
i the differenl waters of the Commonwealth; (2) hy growth in pens
at Monomoy Point, Movnment Beaeh, Mavion and Cliatham.

I the first ease the work ehiefly consistod of messurements, takon
as deseribed nhove, of a large number of seallops at each Lime, 80 as
to obtain a corveet average. During the first year three measurements
of each seallop were made, until suffieient material was at haml lo
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formulate Table D. Afterwards only one messurement, the height,
was taken, as the gain in volume for any leeality eould be defermined
from the table. The growtlh line proved of great assistance, as the
inerease from May 1 al any date eould be determined by making two
measurements, (1) the height, and (2) the growth line.

Tagged Scallops. — A method of reeording the growth of individual
geallops as well as obtaining data upon their migratory habits was
obtained by “tagging " each specimen. A small bole was punched
throngh the “ear” close to the hinge line, and a numbered copper
lag was attached by a [fine wire, as in Fig. G6. Tlhe seallops were
then liberated in the Powder Hole, after their measurements were taken.
Whenever found, the nmumber and size were recorded, thus abtaining
the exact growth of the individual speeimens. The tag apparently did
not interfere with the growth or movements of the animals.

Another method of identification was used in the pens. The scallops
were notched with a file aeross oue valve, the number of notehes giving
the class of the seallop when more than one size were confined in the
Pem.

The Peus.—Most of the crowth experiments were conducted in
pens (Fig. 80), as the activity of the seallop rendered eonfinement
necessary. In this way, under what might he termed artificial eon-
ditions, the vate of growth of Pecten irradians was obtained in several
localities. The pens were of two kinds: (1) of 134-inch wire ehicken
netting; (2) of old seines. They were vonstrueted by driving in the
soil posts of 2 by 3 inch joist, at sufficient intervals to hold the netiing
firmly in position. When wire nefiing was nsed little difficulty was
experienced in making the bottoms af tlie pens tight to preveni the
escape of the seallops, as the netting sei firmly on the soil, which had
previously heen leveled. When seines were used the botiom was se-
eured either by basehoards or hy fastening the netting by long weoden
pegs, an uncertain method at best. The pens were made either of a
suflicient height fo rise above the average tide, which was possible
at Chatham and Monomoy Point, where there is a comparatively small
rise and fall of the tide, or were fitted with neiting tops when ihe tide
proved high, as ot Marion and Monument Beach. The pens, which
ranged from 40 to 400 square feet in size, were situated in water from
1 to 215 feet in depth at low tide, and wnder a variety of condifions
as regards enrrent, soil, eel grass and tide

Wire Cages. — Scallops were suspended in wire eages (Fig. T1) from
a raft in the Powder Hale, Monomoy Poiut, in order to obiain the rate
of growth, espeeially of the young “ seed,” tao small to confine in pens.
The baslkets consisted of a wooden framework, 214 feet long, 114 feet
wide; 1 foot deep, covered by metting with 34 to 1Y inch mesh.
Smaller cages were used for the young seallop with galvanized mos-
quito netting, The obfection to the nse of a small mesh is due to the
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vestriction of the water viveulation by the clogging of the line meshes
by plant growth. This was ayeided as ninels as possible in the growth
experiments by freguently elenuning the cages, and transferving the
small seallops as soon as their size permitted to the larger eages.  In
spite of this eare the growth of the *sced inside the eages proved
less than these attached vniside. (Md seallops, as well as young, were
confined in the baskets for growth rveeords.

The Biological Iuft.— The raft (Fig. 78) from which fhe wire
baskets were suspended proved partienlarly useful in the study of the
post-embryonic life history of the seallop, which *set”™ in numbers
on the boxes, wire enges and ropes. where specimens conld be obtained
i all stages of development for laboratory examination. From the
rafl at varions depihs were suspended wire eages and boxes, in which
growth cxperiments npon tlie quahang, clam and seallop were con-
dieted. The raft, 20 feet long by 10 feet wide, was made of two 4
by G ireh beams. 20 feet long, which were held in place by eross heams,
3 by 4 inches in size, On the framework was a flooy, except for a
Inrge central * well,” Four trapdeors led to smaller “ wells ¥ on each
side, The raft was buoyed by six oil barrels, two on each end aud
two on fhe sides. and was moored in the Dowder Iole in 20 feet of
waler. The scheme of hox spat eollecting from a rafi is recommended
to binlogical stidents, as the young of many worms, crustaeeans, mol-
lusks and other marine forins are eanght easily in sand boxes.

A, Life Table,

STAGE. Age. Shape. } Size (Inches). Movemant,
Exg, . - - - Siibioddenl, | Yoa . - | Nobe
Two eells, « |48 myinutes, - YVigw, = . | Nane,

Eight cells, . « | Hlminutes, .

|
|
Fouor colls;, .« « | 6T mingtes, . - Yooy - + | Noue,
- iy W « | Nopne.
|

Sixtown nells, o | 1y minmtes, . = Wide = = | Xooe,

IMtstila, . . 4 honrs, . o Mulerry, | Mipoy . + | None,

Clliated waatruln, 18 hours, . - Yinns . . | EWin.
Trochosplere, < | 12hours, . - | Elongate, .| Yoo, - % ' Cllia nod ilagellnm,
Early voliger, . | 40houars, . .| Fluthinge, | Veaw » i ' Veliiin.

Lato vellevr, : adays, - A Umbones, . | 52y =+ +  Fool,

INesoronch, . . B luys, .| Seatiop, . . | Mize b0 Veg, . | Font,

Phleated, - . | SMulnys, . - | Sanilop, . - | Vi t0 15, 0 l Foot aail valved:
Yoy, . a o | Tpto L vesr;, .| Seallog, . LIS TR LN « | Valves,

Adult, . g « | Dwor 1 year, | seallop, . TR s, . | Vinlves,
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. Stages of Dovelopment,

I order to give a brief conseentive naative to the life lustory
af the zeallop it was Pouml necessary to conline the detailed  deserip-
tions of the peviod following the time of “sel ™ w (e relerenes
partion of the vepart,  For this purepose the 1ife of the younge seallop
during the dissoconch aml the plieated stages has been arhiteavily
divided into eight periods. The ehicf charaeteristics of each of these
periods are deseribed i tabulated form and vefer lo the dvawings
of (e enrly slages. In making the divisions the shell hins been (nlen
as the standard, and each stage is differentiated by some change in
formation,
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D Comparating Table of Size and Voluwme,

In the followine table of seallops from 1 to 80 millinelers for each
size (height), the average widih and thickness are taken from the
measurements of many specimens. Height 38 the measurement along
the dorso-veutral axis, or from Lhe hinge to the opposite edge of (he
shell; widik, along antero-posterior axis, or from the left to right
eldge of the shell; thickness, along the lateral axis, or (he depth throngh
thie valves. The enbie volume is expressed in enbic millimeters as
height times aridth {imes thickness. TFor eaeh size the number per
quart is miven in the fifth colomn, This table proved very useful in
defermining the gain in volume in the planted beds and in the loealities
nnder abservation, as by mervely having the original size and ineveasze
in ligioht, the ain in yolume could be readily calenlated.
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GLOSSARY,
Adiductor musele, . Aluscle which denws the two valves (shells) to-
gether,
Anterior, . . Front,

Archenteron, - . Primitive or original digestive traet.

Asymmetrieal, . . Not symmetrieal.

Auriele, . . . <\ ehamber of the heart, i

Bathymetrical, . . Relating to the depth in the sea.

Blastopore, , . . The opening into the archenteron.

Blastula, . . . An early stage in the development of the embryo,
in which the outer cells form a definite layer.

Byssus, - : . Thread-like fibers seereted by the foot for attach-

ment,

Cell,. ., - . . The upit structure of life.

Cilia, . . . . Filamentous protoplasmic processes.

Cleavage, . . . Natural division of the egg cells.

Cloneal ehamber, . Spaec into which waste material is discharged be-
fore passing out the excurrent siphon.

Crystalline style, . <\ iransparent gelatinous rod which lies along the
fipper part of the inteatine,

Cytoplasm, . - . That part of the protoplasm ountside of the nuecleus.

Diatoms, . - . Micrgseopie plapts, which constitote the food of
the shellfisly

Dimyarian, . . . 1laving twa sdduetor mnseles, as the quealaog.

Diigsoeoneh, - . Literally, two shelled; babyhood shell with ne pli-
eations.

Dursal, . ~ ) Th-furrlug. to the back of the animal Liat not neees-
snrily the upper side

Eetoderm, . ; . The external outer layer of colls.

Beg, . . . . The femnle’ germ eell — oviim,
Fgg eapsule, e . Unseoin which the egp is inelused,

Embrye, : . The fipst radiments of an organism,

Lndodern, . ; . The inner eell layer.

Equilateral, ; . Having all sides equal

Eyunivalvular, 5 . Whea two valves mre alike in size and shape
Exoskeleton, - . Ontside framework or suppert, differing from a

true skoloton or endoskeleton, which is  insile
the hody,
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Feeundation,
Fertilization,

Flagellum,
TFolliele,

Farmative eells,

Ganglion,
Gastrula,
Genus,
Geotropic,
Germ eell,

Gills,

Gland,

Hermaphrodite,

Invagination,

Tiamella,

Lamellibranchiata,

Larva,

Lumen,
Macromere,

Micromere, .

Mantle,

Mantle eavity,

Maturation,

Migration,

Monomyarian,

Nacreous structure,

Nueleoli,
Nucleuns,
Otoeysts,
Ovary,

Ovum,
Pecten,

Pericardinm,

Posteriar,

-

-

THE SCALLOP FISHERY

Impregnation of the ovum by the spermatozosn.

Teeundation.

A long, whip-like eilinm.

A small cavity.

Celle which form the animal in contrast with cells
which furnigh them with food.

A mass of grey nervous substance, which serves
as o centar of neryvous influence,

Au embryonic stage which lhas the form of a
double-wailed sae with an opening leading into
a cavity, the archenteron,

Group of species.

Showing a dispesition to incline toward the earth.

That which is to develop a new individual

Respiratory organs in water, comparable fo the
lungs in air.

A cell or collection of cells having the power of
secroting,

An animal haviug both male and female generative
Organs,

One of the methods by whieh the various germinal
layers of the ovum ave differentiated.

A thin plate or scale.

Animals of the mollusk family that have fhe gills
arranged in leaf-like layers.

The animal during its development until it reaches
adult mize.

An opening, space or cavity,

One of the larger eolls, resulting from segmen-
tation of the egg.

One of the smaller cells, resulting from segmen-
tation of the egg.

The fleshy, membraneons cavering, lining inside of
the shell.

The space between the mantles.

The process of ripening or coming to maturity of
the egg.

Act of traveling from one region to another,

Having one adductor muscle, as with the scallop
and oyster,

Pearly layer of shell, gencrally on the inszide,

Smaller divisions or parts of the nueleus.

Germinative spot,

Organs of equilibration.

The organ of a female in which the eggs are
formed,

The egg.

Seientific name of the seallop.

Membrane inclosing the heart,

Opposite to anterior.




Prismatic structuro,
Prodigsoconch, .
Protandrie,

Protoplasm,
*Seod M seallop, .
Set, A
Spawning,
Spermntozoin,
Tentacle,

Testis,
Trochosphere,

Umbo,
Valves,

Veliger, . .
Velam,
Ventral surface, .

Ventricle, .
Visceral mass,
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Shell made up of prisms,

Small ewbryonie shiell of a mollusk.

Having male sexupl organs while young, and female
organs [ater iu life,

Cell eontents — life snbstance,

A seallop less thaw oie year old,

Attaching of seallop by byssus.

To set free the eggs or spermatoron.

The mnle sex ecll,

A more or less elongated process, usually an organ
of sense or motiomn.

The male gland which produces fhe spermatozon,

Stage in embryonic development; in which the em-
bryo is spherienl and rotates rapidly.

The beak or * shoulder ™ of the bivalve shell.

Two valves, the right and left, compose the shell
of a lamellibranch mollusk,

Stage in embryonie development in whieh velum is
nsed as an organ of loeomotion,

A cirgular pad covered with eilia and used as an
organ of locomotion in the early embryonie
stages.

The side opposite the dorsal surface.

A chamber of the lieart.

That part of body containing digestive, generative
and part of ecirevlatory and nervous systems.
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Acmeza, ' .
Adduoctor musele;
Age, 5 - :

Anntomieal development, .

Anatomy of adult,

INDEX.

Anatomy of dissgeonely stnge, . . .

Anatomy of veliger,

Anomia, . . .

Assistants, . ;

Attachment, . .
Observatious on,
Period of, .
Valueof, .

Bait reguliation;

Barnstable, .

Riblisgraphy, . -

Blastula, . a

Bourde, . -

Brewster, ;

Buzzard’s Bay,

Byssal groove, '

Byssus, . : .

Cuage growth, , F

Cages, wire,

Coape Codi—
Spawning season,
Growth, , -

Catech, daily limit 1o,

Champi parvia,

Chatham, ;

Chatham dredge,

Ciliated lorva, .

Clreulatory systen), .

Cleavage, . .

Climbing, c .

Color:—

Chart, .
Preference, %

~ ¥ariation,
Courtesies, - -

Crawling, i Fi
Crepidyla, 5
Culture: —
Artifivial, .
Communal, .

73, 83, 55, 19, 100, 104
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Current;, . v ’
Death of old acallops,
Decline of industry, .
Deformities, . - y
Dennis, . . .
Development talle, .
Diatoms, . .
Digestive system: —

Anatomy,

Development,

Veliger, .
Dissaconch stage,
Diistribution, .

Dredges,

Dredging

Drew, Prof. G. A,
Drifting, .
Edgartown, . o
Eel grass, ] .
Egg: —

Despription, .

Development, |

Method of counting,
Embryologival methods,
Embryclogy, .

Enemiex, 2 :
Enteromorpha, i
Environment, .
Excoretory system,
"Eye," . . .
Eyes: —

~ Anatomy,

Development,
Fairhaven, :
Fallacies, ¥ .
Falmouth,

Family, . n 3
Fecundation: —

Natural,

Self, :

Feeding habits,
Fortilization: —

Artificial, .

Belf, . [ 3

Two-year-old zeillops,
Fishery, . . . .

Methods of improving,
Fishing grounds, c -
Flagellum, . »
Food value,

Foot: —

Anatomy,

Development, -
Footed larva, . 3 :
Gastrula, ; . .
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A, 61
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. BS, 89,91

.

19
27,28
126, 127
125-130
27-31
B67-73
13
A7-92
17,18

111, 116, 117

15. 16
44

101, 104
73

102
11,12

25, 26
26
63, 66

129, 130
26
26, 27
107-112
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Jaokson, Prof. R. "['..
Kellogg, Prof. J. L., .
Kidney, . ; :
Laws, . . .
Life, leagth of,
Light, effect of,
Liver, . :
Locomation,

. Macromeres,

Man, g

INDEX. 47

A
Gates, W, H., . . 5 11
Gathering by hand, 1O, 10
Gills: —
Aumtomy, 14
Deavelopment, A5, 46
Foeding: . . 06
Gllossary, : : 135141
Growth: —
Artifivial, . H2-00
Average, . . 7454, 85
RBuzzard's Bay, . . &5
Cape, . ; K9, 90, 4t
Cape Cod, y "
Chatliam, . an, 100
Condltmnsiuﬂuantmg. s7-n2
Current, . : 8510
Fol grass, 5 = a1
Enviroamoent, . - 87
Food and, : < . 75
General, . . - e o
Line, . . 5 I4 81, K2
Loeality, . 5 v . Ra
Methods, . 74,75, 130-133
Months, . : : : : - 76, 77
Natural l:ompnred wnth ar::ﬁmal : . : 03, 04
Pen, . A . ! . 04,00, 07
Salinity, . 02
Sots of 1904, l[l(]o. 1906 v R5
Shellfsh, . . - 7n
‘Size and, . . a5
Sail, - - a1
Spawning season, 52 83
Temperature, . a1
Variations, 70
Water, dapth of; . 02
Young seallops, K3, 54
Harwich, 2 ; v 100, 104
Heart, . . . . 17
“Hinge, . - . . - 14
‘Hinge line, . . 13
Higtory of fishory, . . 105, 106
Industry, statistics of, - . : . - . 108, 14
Ingersall, Ernest, . . . 10, 12,72, 70, 128
Intestine, : - § - 1747
Islands, . 1 85
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Mantle: —
Anatomy,
Development,
Veliger,
Mariaon, . % 3
Market, .
Mashpee, . . ”
Mattapoisett, . . . N . .
Measiiring instrument, . . .
thods: —
Fishing, . b " g .
Improving :ndustrv. - : : 5
Tnvestigation, X . 4
Mieromeres, . , :
Migration, : - : 5
Monomoy, - 3
Muscle, adductor
Names, .
Nantuelet, . h s
Nagzsa ohsalets, E
Natural supply, . .
Nervous systom, . . . . .\
Net, plunktan, . . . .
New Bediord, | :
Non-edible parts, : . : )
North Falmouth, . " . .
Objeet of report, . - ;
Opencrs, i
Dpening, methnd crf
Orleans; . 3
Otocyst, - i 3
Outfit of sealloper, .
Owvary, .
Overcrowding an.d. gruwth
Oyster drill, . s
Palps, . . . . .
Pelseneer, Dr. Pau] . . -
Penalties for mm]lup laws, . .

Pens, . : - - ;
Permits for ﬁ.shmg. - ’ .
Plicated stage, -

Polar cells, - : -

Powder Hole, .

Power, scallopinz by,
Presentation of report,
Price, market,; . .
Prodissoconch, A
Propagation, .
Provineetown,
Pusher, . .
Raft, blnlagical -
Range, . :
Readers,

Recovery from injury,
Reproduetiye organs,
Resting, . . .
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Restocking,
Rhode [:land,
Ridgos,

Risser, Jonuthan,

Salinity, .

‘Bavery, Charles L., .

Son weeds,
Seadon,
Seed sonllop,
Senility, .
Sense organs, |
Sensary powers,
Sot, - -
Shunties, A
Shell, . 3
Shipmant,
Soaking, y
Soil, .
Spat collecting,
Spawning,

Age, L

Artificinl, .

Growth,

Methods of h:t‘tm:llng,
Mopomoy Paint,

Beacan,

Temperature,

Spermntozon, .
Btape harbor, .
Stugres: —
Diissaconch,
Life, x
Plicated, .
Yellgar, .
Starfish, , A
Stomach, .
Bwimminz, -
Tahles, . 5

Dissoconch pbase&

L‘le. E
Volume,
Tagged =callops;
Temperature: —
Spawning,
Growth, .
Tentacles,
Terminology, .
Testis, . -
Tisbury, .

Traveling, raf.e-of i

Trochosphere larva, .

“Turning over, -

Two-yesr-old acs.llap:-.

Tlva,
Valkves,
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Variation: — FAGK
Calor, . . 3 . x E 45, 49
Growth, . . . . . 5 . : - 95
Length of life, . : . . . . . . : 80

Veliger, . : . | . ) . 31-35

Velum, . - : : : . ; !

Vinal, William G., . 3 - . . : 5,11

Vineyard Haven, . s . - . - .08, 104

Viscerul mass, . - . E . 46

Vision, . = . : - i . . 67

Wareham, i - : . . 102,104

Wellfleat, 3 = : = : E 40

Yarmouth, . . f : ‘ 7.3. 100, 104
Yolk lohe, i o r - 25










ABBREVIATIONS.

il. — s,

wi, — poterioradduetor musele,
b — hysszus.

fip.— Dvssal gland.
byr. — hyesal groove.
foy, — by==al woteh.
o, — discoponeh.

di. = distal vl
tre— " oan'

Fo— o,

fity — founl elefr.

S — Toat proove,
Mo— Hugellum,

i — foot retractor nipsels
e — mills,

K, — hinge lipe.
fil.— heurt.

. — intestine.

i — inner il
li—liver.

{p. — labinl palps:
M. — miantle.

el — trantle g,

b — ot h.

0, — mineyst.

oy, — outer gills

ar, — OVGEY.

pit. — pasterior ndduetor miaselo.
e, — polar eell:

jih. — prodisoeaneh,
. — plieated srowtl.
P — printitive ol
pre — proximnl ond.

pa. — pseado=siphon.

r- — retractors of veliom.
b — storacly.

sfpe — =hwll geland

. — benitieles,

te. — teeth.

i — textis,

. — volum,

one, — viserral mnss;

gl —yolk lobo.



Pig, 1. — Mature ege reddy for union with male eell,  Magnified 600 dinmeters.

Pig. 2, — Spermatozoa (male eells),  Note length of 1ail and variation in shape
of head, The spermatozoin ou the left is the niost common form,  No attomnpis
wire nuude to study the minute anatomy.  Magnified 600 diameters,

Fig. 3. — Compressed eee. Shape due to pressure of eges withing ovary.
Shortly after extrusion it beeomes spherieal  Magnified 600 diameders.

Fig. 4. — Bee enclosed in membronous case,  Magnified 600 diametors.

Fig. 5. — Egg, forty-three minutes after fecundation, showing the yoll loln
(vl) and two polar cells (pe).  The formation of the yolk lobe has given to the ree
aprar-shaped appearance.  Magnified 600 diameters.

Fig. 6. - Ring of spermatozon with rodinting tails held away from the eeg by
o menibrane. The entive amfaee of the membrane is covered by the sperma-
tozoa, Int only those in one plane are hero shown.  Muaenified 800 dinneters.

Fig. 7. — Two-celled stage, [orty=six minutes after feeunda tion, showing unequal
division, The larger ecll contains the yolk lobe (¥1).  Magnpified 600 diametors,

Fig. 8. — Four-celled =tpge, sixty-seven minntes after fecundation,  Magni-
fied 600 diameters.







Pig. 9. — Eight-cellil staare, =iile view, sighty-one minutes alter feenndntion:
Magnitivd 600 dizane ter=.

Fig. 10. — Sixteap-cellid stoge, viewed fron below, one landoed minutos after
formndation,  Notelarge yollk eell.  Moaguibod GO0 dianieters.

Fig. 11. — Rlustula ~tage, viowed From below, about pige lours after foeanidia-
tion.  The oviginal eze has developed, by repeatod divisions, mto g nigss of eells,
giving it a mulberevlike appearanee.  The large yolk cell has divided into four
meronieros, the rest of the eolls eonstituting the micromeres,.  Nagnified GO0
dinmeters.

Fig, 12, — Cllintod gastrula, ton hours after feeundation. The omhryo ean now
Switg throueh the water by eans of the hairdike eilin.  The eger ecells hayo
herome invaminoated,  Magnifiad 800 diametors.

Fig. 13. — Optical seetion of eilinted gastruln. Magnifiod 600 diameters:

Fig. 14. — Trochosphers stae, twelve to fourtecn hours after feeudndotion.
The hndy hus elongated and the eilin are uow confined to the fromt cnd,  Naote
the long feclor or Aagellum, which serves to guide the animal.  The opening of the
primitive peouth con be seen on the lower side, while above is o slight fodentation
corresponding to the heginning of the shell mand,  Nagnified 600 dinmoters,

Fig. 16, — Formation of the shell, which arises at two symmetricn) points of
caleification, right and left of the median line, and grodually envelops the aninml.
Magnificd 600 dinmueters,

Fig. 16. — Early veliger larva, viewed (rom the <ide, The animal arrives at
this stage from seventoen to forty hours piter fertilization, according 1o external
eonditions, The duration of this <tage is prabobly from five to six dovs, durine
which the animal leads g free swinming Jife,  Magnificd 600 dianmetors,
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Fig, 17, — Larly veliger swiniming with velum extended,  Viewed from side.
Magnifiert 150 digmeters,

Fig. 18. — Laote weliger or prodissoconch.  Note chapes in forny of =hell, w5
compared with Fig 17, This stage marcks the ond of the embryonic period, as the
seallop new forsakes it= free swimmine life and attaches ftsell 1o objeets by means
of its hyssus or “anchor stramd=""  Mugnified 150 dinmeters.

Fig=: 19 (o 82, inclusive, eover the next distinor stage of development.  This
form i= ealled " dissoconcly,' e, donbile shell.

Fig. 19. — Dissnwonch Phase 1. Early dizsoeoneh grawth after seatlop hos " ser,"
Viow of vight ov lower valve. Note beginning of byssal or [oot uoteh (ln).  Seal-
lup i now capable of hys=al attacliment.  Right valve i= slightly smonllor than eft,
Mognifiedd 150 diamiters.

Fig. 20.— View of lofr valve of same seallop as in Tig 10 Aowtomy shown
thromeh tronsparent shell.  Note tnereased pamber of @il alaments. Magmified
L0 chameters.

Fig. 21, — Di==oconcly Phase 2. Alimt two days after et View of trans-
patent right valve through which the argans are soen,  The right valve is loss
vonyvex then the left, for aid in ctawliog,  The heart () §s obseryod Lor (he first
time during this staee,  Wote the Sower growth of the Ly=<al or foot noteh, whish
i ome pedod behind the srowtl of the rest of the shell.  Note alsn the inereasn
in the number of eill Gloments.  Magnified 150 dismeters,

Fig. 22. — Iutornal view of =holl of seallop of <ame ngeons in Fig 21, showing ten
pairs of small tooth (10], which futerlook to form a firm hinge.  The shell i= inequi-
valved, vt the rght valve (upper in illustration) is less ponesve than the Jelts
Mapnified 130 dinmeters:

Fig. 23. — Internnl view of same seallnp as in Fig. 21, showine the adductor
miuscle and foot, the rest of the snft parts havine been removod, Seallops of this
aee often open {he shell (o an anegle of 0%, 1has illustrating the flexdbility of 1he
adductor mu=ele,  Magnified 150 diamoters,

Fig. 24, — Disqronch Phase 3. View of right valye of seallop about four davs
after "ser' showing snatonyy.  The left valve praject= slightly beyond the right,
nnd the hinge line §s inelined slighitly npward,  Note inereased number of gill hars,
Magnified 150 dianetors






Fig. 25, — Diz=oconch Phase 4. View of selit valve of seallop about one week
aftor “set” Note pontrost betwion the prodi=soconcl () or omsbeyonie shell
and the suocecding dissovonel erowth (. A groove hos been formed by e
growth of the hy=sal or fout notel (ha), which is inereasing iy sfze to eorrespond
with the developiuent of the foot.  The rght valve i= smabler than the feft.  Mae-
wified 47V diameters:

Fig. 26. — View of left valve of same seallop as in Frg, 25, shinwing the lines of
growth and the formation of the pseudo=ear, which eovresponuds to the loeation of
the hyssal noteh:  Magnitied 3718 dinmeters.

Fig, 27. — Sanwe senllop as in Fig 25, with fool extended,  Anstomy shown
through transparent left valve. Note inereased number of @il Glanents Ggl mui
the well-diefined] heart (he),  The byvssal gland (he) and oleft have become pmo
pent on foat. The knolelike projection= o) the mantle are the Leginnings of the
tentacles (1), Magnified 3719 dianiotiors,

Fig. 28, — View of soft purts of slightly older seallop of Plhiase 4. Note the
oine =mall temtacke= (1), the two eyes (¢) and the fourteon gill filoments (), Mag-
nified 3710 dianwters.

Fig. 29. — Dissuronch Phose 50 Auatomy shown through teauspnrent right
vidve, This stage is eharactorized by one tonth in the bys<al uoteh.  The seallop
i= represonted a= [ving inoa resting position, with muntle aod fool mtracted,  Note
the forpation of vight secondary reniacles hotween the primuery the relative posi-
tion of the eyves (o) ad the tonateles (1), and the heginnine of the outer glls (og).
Magnified 372 dinnetiors.

Fig. 30. — View of same seallop as shown in Figs 29, as scen throueh left valve,
with mantle (m) expanded amd foot (1) extepded.  The edeges of the myntle have
joined posteriorly to form o peeudo-siphon (ps), throuell which water i= oxpelled
from the shell.  The byv==al gland (hg) has o prominent pesition on the long fomt
(1), Maenified 374 dinmerters,

Fig. 31. — Dissoeouch Phuse f. Charnererized by two tecth on the byssal
noteh.  View of npatomny through rght valve,  Tertinry tentacles are developing
on the edee of the mantle, which i= partinlly extondod. At thi= ape the <callop
has abour twenty-two inner tigl and ten outer (og) gl filaments.  Magnified 371
dinmeters,

Fig. 32. — Senllop of sanie phase a=in Fig. 31, lving on left volye in on unoaturnl
position.  The nnimal has extended his foot (f) for the purpose of turning over.
The eye< (&), tentacles (0 and guard Bap (mf) can be scen on the ediee of the mantle.
Magnifie] 37408 dinmicters.







Fig. 33. — Early plieated stage.  View of the right or lower valyve. Note
the smooth prodissoeonch (pd) and dissoeonch (d) aveas. with the begdoning of
the sixteen plications (pl) of the adulte There wre four teeth () on the byssal
noteh.  Aotual size;, 125 millimeters (Vow ol an inel).

Fig. 34. — Same scallop us in Fig 83 vlowed from [eft of upper valve.  Aetuul
<z, 123 millineeters (Yo ol an inel).

Fig. 35. — View of the anatomy of a sliglily alier soallop, size, 1.4 milliaeiers
M99 of au imch), as seen tiemieh the rdeht valve,  Note primney, secopdacy and
tertiary eyos (o) g tentaelis (1. The outer gill (o) his abont twenty=five filn-
ment s, mned bogine toprosemble thie inncy pill ().

Fig. 36. View of right or Tower valve of same seallop as in Fe 35, Note
the five teeth (ved on the Dssal noteh (hod and the bomnning of the © ears" {or)
The vwi teeth bnek of the external horder of the hyssal groove are older, aned have
connded rather than the pointed emidz of the Tost formed teeth. The vabves haye
become nearly equals the hinge lne sieaieht, and the byssal groove (bg) san be
temend Lack to the ssvnomoteion] prodissocaneh. Xetaal size; 14 millimoters (Vs
of ay inch).

Fig. 37, — View of upper left valve of same seullop asin Pigs, 35 nnd 306 Aotual
stae LA millinwters (1 of aninchl,
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Fig. 38. — Duop=al wview of Peoten i plieated =tape, showing diibones snd
hings line.  The left valve is deoper than the right.,  The prodissoeanch (pul) is
stueply marked 0T, the amount of =epartion betweon it2 two valves being well
showa,  Mugnified 32 dimnetors

Fig. 39. — Plicatod stage. X Z15-millimerer seallop moasaifiod 32 digmicters,
View of cormer of right valve, showing oraove nmd norh, Nine tooth (00 onn ho
sinn i thie Dyvdsal oeeg, <ixoof wlich aee within the oxternal border of the groove.
Thete e g secamd egow dordal b the byssal groove, atel o serratod straetine pear
the Timges line of seven <|"||-|,Lp ;!ui!:hrzl foet i, wliiels pessibly may Liean iedividaal
yrritin.

Fig. 40, — Posterion view of =callop in the glicatod stage, showing that the
ghell has bovome: more neards squivalvalar,  The plivated (pl and dissoeonel (d)
areas ore =harply differentiatead. Mugoifed 32 dimmerer,

Fig. 41. — Prismotic strueture of vight valve of dissovanels shell Bighly g
nified.  “Phis struetnre 1= not found oo the lefr valve, or anceither valve of the adalt.
Manrnifiod 340 dinmietors.

Fig. 42. — Foot of 25-millimeter (abour 1 inely senllop, showing clefr (fe), dise-
Tl tigy, byessnl whanol (he) and groove (), Murmifind 7 dinmetors:

Pig. 43. — Byssud of seallop of dissoconch stage aftor hyving been cast off by
the aubmud, distal ¢lid or attgeled sl proxonal (pe) or el end. Magnified
o dinmetiirs,

Figs. 44-46. — Stages <howing (he devalopient of the tenoele,  Tie, 49 pop-
visopts the first appearanoe, Pie &5 fuether developnjent, and T 46 the tip of
a gumplotely formed tenaele,  The toadelss on the edee of the mnntle ave gl as
sensory, ehingng ol orawling organs  Maguified L dinmeters.

Fig. 47. — Seallop 4 to & millimetors in <izge) deifting just helow thie surfoes
of water in aguaviim (see puuee 07, Note the extended toptacies (1), open shell
and the reverse position, with rght volve gppermost. Magnified 5 dinmet ers.

Pig. 48. — Seallop (L5 millimetors in =ize) attached 1o wel pros< by o two-
=teanudind Divesi= (b formed darving the nighy,  Magnificd T diameters,







Figs. 49-51. — Turning Over. — When lying on the left valve, us in Fiz 49,
the smaoll seallop appears wieasy, u= it= pormal position i= on the nght. Aftor o
fow minutes it thrusts onl its foot, waves it aronnd, a< if seeking o foothold, and
finally applies the eleft tip to the bottom of the glass dish wath a twisting motion,
By this movement the sholl is o pulled that the hinge line vests apon the hottom
(Fig. 600, aud the scallop pries itself over, naturally fnlline into its normal posi-
tion on the right valve.

Pigs. 52-54. — These figures illustrate the steength of the byssal thread, whick
prrmits the revolving of a youne seatlop at least 360° without breaking the strands.
The seatlop 1= shown as it is tarned around oo its attachiment by a poneils

Figs. 55-57. — Crawling. — In Fiz the young seallop, ying on its vight
valve, ine extended fr< font, the tip of which i=fivmly st on the bottons. — Fig 56
shows the tippine of the sholl forward by the contrnetion of the foot.  Tig 57
shows the vawpletion of the moyomeont, by whicl the gnival has travelod three-
nuarier= of it= leugth, aod the extension of the foot for o seoond pull,  The getion
of the oot i= strengthenod by the clapping of the valvies, which seunds ont a ewrent
of water fronn the posterior side of the =lwll,

Figs. 58-60. — Spinning the Byssus. — In Fiz, 6~ the fool is extended, with
tip and byssal gland tonching the hottom of the glaes dish, in order o attach the
byss=al thread. Fig. 30 represents the spioning ordeawing vut of the hyssul thread
by the retraction of the-foot towand the shell, and Fie. 60 shows the young seallop
attnehoed by one threwd, while the foor 1= in the aet of extenston for the purpose
of attaching o second stramd ot a point slightly removed from the fixation of the
first.  The spinning of o siugle thread oceupies nhout two minutes.

Figs, 61, 62. — Swimming, — Swimming i= accomplivhed by the altornate
expulsion of witer first from one “ear,”' 1= I, amd then from the other, os 13, which
foree= the <eallop ahend by a series of gigzag jerk= or tacks in the directions ©
sl B rl-u]ufrfi\,'u‘]y_ (These two Arures are from the illustrations of Prof. . T.
Juoks=on, Figs. S, Sa, Plute XXVIIL, Momairs Boston Soeicty Notural History,
Vol 1V

Figs. 63, 64. — These figures {lustrote a manner of aveiding enemies.  In
Fig. (i3 the seallop, when approached by o pencil ot the free edge, darts quickly
away in the direction of the arrow by violently expelling water from its ventral
horder.  Darts can’ be likewise made in either a forward or hackward direction,
as shown in Fhe. (4.







Fig. 65. — Extornal view of ahe rwioo valves of the seallop,  Lefy wabve: A
anterior horder; Py pesterior bovder: 1) olorsal boddors ¥, venteil basder (free
odiey; HH, hingo Hne: AP, width; DY, heights  Right valve: U, ambog 13, byssal
noteh: B, vars: R nides: F, inoow.

Fig. 66. — shows the mothod of recording the growd of individual speeimens
uned of ohrtmninge data apon the migratory hobits of the scallop. A small holo was
Doredd theongel P 7 onr " elowe 1o the hinge lne with oo awl. A oooobered ecopper
toer wias pitocknd Dy o B wire,

Fig. 67. — Gimorptive plapd:  Ov, ovary;  testis; op, eilinte] epithelinm on
aqrface of Visoorul mnss, go, ol sl Tan, basoment membrmne: e, tisse of
irveenlor oelle benearh epithelinny; fep, falleulnre opithieliumg o, eilinted duots, the
ape in the testis eoptainitge spermmtozon, aod o dis walls o gland ecll being shiown:
livy Mool vessel,  (Thi= illnstention s o copy of aodemwing by James L, Kellogs,
produend as Fig, 71, Plate LXXXIN., Bullotin, Unitod States Fisheres Commis-
sion, 18008 and = publishod with the conrent of Dr. Kellyge,  Unfortanately; in
the redurtion wnch of the Goe detadl of the orizinal has bheon ostg

Fig. 68, — The ovsterdrill (Frosalpiree convren s Anenemy of the seallop, which
bares w fine hale through the shell and feasts upon the soft parts; Clases eontiin-
ing the eges of this mollusk ars shown oo the right, Life sizeo

Fig. 69. Scallop Food. — Typieul distoms found 1 Missachusetts waters.
(o, Iy o) Nawgeule, (ed, oF Pleurosigma, (1) Nitzsehia, () Medosgra, (W) O latoeorin,
(Y Cgelotell, O Efvmophora.  Mugnifled 2000 dinmoters,

Fig. 70. — A <tarfish opening o =eallop by <lowly drweging the valyes apart by
mieans of <mall, sneker-like foet oy the loswer side of el of the fve riss o arme""
When the valvis are forend apart the starfish yalls our it stomineh, which envelops
the soft body of the seallop.  THgestive juives sre poured forth and the food s
tigestod outside the hody of the starfish.  This oreatore d= the most destruotive
natural enemy of the soallop, and noeertain loealities has modo serions inroads.
[t is lest kalled by steaming or bringing ashore:

Fig. 71. — Dingram of the wire cages: in which seallops were suspendod from
the raft ot Mouomoy Point. The page eonst2t= of a fenmework of wooll covered
with 1Ta=ineh mesh wire netting,

Fig. 72. — Plankton net, made of sk boltinge oloth, dsed oeateh the swimn-
miing <hollfish larype  The net is towed theeieh the water boldnd g roswhboot,
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In general, the organs of Peoten lie at throe difforent layers, viz., valve, mantle
and wills, Fies. 73, 74 sl 75, which are one and soe-guouarter times the natural
sizo, represent the views disolosed as eaeh of these layers is supeessively cut away.

Pig. 73. — View of Peeten with left yvalve renhoved  The glls (g, liver (1)
and palp= (1) are represcuted in dovted lines as they are seen theough the tran=
parent mantle.  As the loft lobe of mantle (i) has been detachied feom the shell,
it has eonteantal,  The vight mautle (u) labe is shown fully oxtended.

Pig. T4. — View of Peeten with left valve and mantlo remoyed, showing wills
(), palps tp)e foor (0 apd liver (1.






Pig. T6. — View of Peotin with left ~wim=-. mautle (m) and mills (g) removed,
shuwing _ﬂlc heart (hi), viseernl muss (vin) and reproductive otgans
Fig, 76, — View of Peeten, showing the digestive systom,
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Fig. 77. — Changes in form of shell, A sores of drawings illustating the
ehianges from the sady veliger (the first shell), which is Y50 of 8 millimeter in size,
to a Lmillimetor scallop.  Note (a) echange from flat-hinged veliger (1) to the pro-
dissneonch (2), with prominent umbones; (b) refurn to g straight hinge (3), width
prenter than heighty (o) width and height become oqual (3); () formution of
ears' (10).







Fig. 8. — Map of the Musachusetis const, showingz 1lie distdbution of the shale
low-water seallop (Pecten deradinns). The sealloping geounds are indiesiod by the
Eaek arcns, '
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Fig. 79. — Plan of hiokygieal raft used gt Mopomoy Point for growth experi-
ments and-spat eollpeting,  The raft, 20 feet Joug by 10 feet wide, provided with
a eenteal well and four yenp=doors, was anchored in e Powder Hole in 20 feet of
water,  Wire cages wind wouden hoxes were suspendied st various depths from the
rft.  Many Kinds of mollusks were canght and raised in tliese spat boxes,  The
raft proved pactiondarly wseful in the study of the post-emibryonic life history, as
the seallops “=ot™ in large sombers on the hoxes, exges and Topes, where spoci-
mens coidd be obtained in all stages of development for laboratory examination.
Also, muny interesting grow th experiments upon the quadiaug, seadlop aud odam
were conduetod in the sand bhoxes,

mart







Fig. 80. — Type of pen used in doterminiug the rate of growth of the =eallup.
The sizes ranged from 40 to 400 syuare feet. The posts were made of 2 by 3 fony
Joists, fived du the soil and placed ar sufficient fnteevals to hold the poetting femly
in position. Wire netting (1h-inel mesh) and old scines of o suitable lvight were

stretehed aronnd the posts,
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Fig. 81. — Churt of the daily teniperatupes for the month of June, token at the
Powder Hole st Monomoy Point o 1006 and 1907, The avernge of the daily
temperntires at B, 10 noed 20 font, taken ne 8 Ao, 12 a0 and e s wiven, The
geesd drregnlarity of the ourve i=due fo the Huetustion of this small body of water
with changoes in the remperstiee of theoair, The season uf 1007 was nearly twa
wiowks behind thar of TG, as duriug the early part of June the tomporatiare wis
from 8% 1o 10° eolder, but by June 19 the iwo beeame appooxinutely the same
as = =hown Ly the interseetion of the curves on the charn,  The prineipal fuer
shiowen Ly the plor is the locgtion of the " spawnine” temperniure, or the temper=
ture pevessary for spowning, Lo 006 the scallops frst spowned on June 12) in
1907 on June 21, Tz epely cose spawninge did mot eecar antl] (the water reached the
temperatuee of 6170° althotigh there was nine days’ variation hetwoen the two
years,

Fig. 82. — The Food Value of the Scallop. — The reluative phopartion, Iy
weight, of the varions paris of the average seallop i graphically represented by o
serics of rectangles, eorvesponeding to (1) the total weight, 1.5 aunees, or 100 jier
vont,: (21 dotal nop=odible part, 1.23 oumees, or 8523 per eont., whick ineludes
Isoth 2hell amd non-edibie soft part; (3 shell, 74 of a0 ounee, or 440,43 por eont.;
14) nonsedible soft part, 449 of oo ounes, or 325 por eenr; 30 aotund food, 27 of
fn olnen, or 1777 per eent,
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Fig. 83. — The Spawning Months. — The spawning =eason last= from the
seeoml weel in June to the middte of August.  This period 1= represented by the
shocdod portion.

Fig. 84. — The Growing Months. — Tho secallop increases in size of shell
only dorineg the swmmer months, g during the Winter growtl eensee. The shude]
portion reprusents the period of srowth.

Fig. 85. — The Relative Value of the Growing Months. — The «callogp
does not inerease with equul eapidity during the seven months of growth. The
relative value of these mopnths is graphienlly represonted in terms of the inemase
in volume durine encl month {or o standand soallop. The =low growth duringe
June aud duly, as represented by ths short eolumns, roughly corresponds (o the
spawning seasun; and the decrease in growth 1= probalily due to that coanse.




DEC

JUNE JULy AUD SEPT. QRT: HNOw
MONTHS

SPAWNING

ABRIL HKY

FES.

J AN

AU% SEPT OLT. NDY DEC

FEQ. ™MAR ARRIL

JUNE JULY

Mkt

JAN.

MONTHS

84

GROWING

@

/]

T

v

)

1/

T

wuﬂ‘. -I-I.I_-._...

N OV

LT

H.\

VALUE

RELATIVE

MONTHS

GROWING

0O F

85



Fig. 86. — Age and Growth. — A< (b seallop bheeowes lareer the rate of
growth, both fu actual fnerease sl gain o velume, hoeomes less,  The thres
eolutitis Fepresent the coinparative goin i volume of (102 seed " seallope 18 of an
inch) of the 1006 set, 2000 per cent.; (20 fourteen-tuonth seallops of the 1905 =0,
25 per vent,; (31 twenty-six month scallop= of the W04 =et, 12 por vent., under
the same conditions:

Fig. 87. — Current and Growth. — The three colimuns ropresent the volu-
mettiv grawth, fora definite period, of seallops in goml, medium and poor currents,
and are formulotod from measturements mode at Stage harbory, Chathaom, in THOG-
07, At the month of the haror 15 a large col-grass-flat, extending [rot) the =hore
to the channel,  The flat was arbitrarily divided into theee greas, aoemdineg to the
virculation of water: (1) near the channel (good enrrent); (21 half-way 1w shore
(e i current) ) (3) o (puor eurrent ) oand the ate of growth of dhe 1006
set was followed in va Thes=e fignres demon=trate the great hportanes
of murrent i =eallop growih,

Fig. 88. — Current and Growth. — The inflicnce of current s again illus-
teated by vomparing the volunetric goowth of “seed ' seallops of the same size ot
(1) the raft, Monomoy Point (good current), 662 per vent.; (23 Stage harbor,
Chathom (medinm earvent), 475 per eento; G sonth =iile of Powder Hole, Moo=
moy Point (poor enrvent], 293 per cent; (4) vast sile of Powder Hole (no vur-
rentd, 08 per cent. The eompar
day= during the summer’ of 1000 §s veprosented for each of theso loealities by the
shaded eolumns, A knowledge of the relation of curpent ta prowtli should prove
valuabile ta the prospeetive seallop eulturist,

tive volumetrio geowth for a peviod of soventy-six
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Fig. 89. — Temperature and Growth. — The hroken line ropresouts the
vurvie of the wvernge mopthly tomperature OF the water dorfie the vegr 18906 gt
the Powder Hole, Mogomey Doint, aod the numbers on the sdes indicste this
dlegri The ather eurve roprescopt= the prowth of the 1005 =eallop set during
the yeur 1006, nod e sonne fgoares which eorrespionded e the degrees o temperu-
ture now stund for the size of the seallop i millimeters (254 milimeters equal
1 fch). Tracing the growth of the seallop, size 34 millimetors, Jonuary 1, b0
prowth i= notioed until Moy 1, when the woter assumes a temperature of alsonit
A4° F.  During the month of May there 1= o rapad growth, which doackens during
Jung wud Jaly, the spowoing months; as is shown by the drop i the oneve, and
1= again pesamed duning Augnst, Seprember amd October,  The growth pereeptibly
sluekons during November, and probably eeases altogether after the middle of
the month, when the water is abour 437 F. Tooall practical purposes the growith
oenses November I, at o tmperatare of 40% F which s diroetly comparulile to
tobperatuee of e witey whon geeowth Degan, Moy 10 Theredore, it 1 appireut
that the growth of the seallogs, s tvpilied by ahell formation, depend=s upon the
tempernture of the water, ot losst 43° I Deine neecs<ary for growth,  The eos=
sathon of growth = not due to any deeided Eall i the food supply bt sather 1o the
inactivity of the seallap. which beeomes shiggishin cold wiutoer,

Grawth [ Millimecters),

Muy |, . M Neptember 1, . Al .00
June 1. 371 | Oretaboer 1i ol RO
July 1, 4212 | November 1, 62,88
Angust 1L i5 10 Iweeember 1, #2490

Fig. 90, — The plotting =hows the comparative growth of large and  <uall
seallops of the same nee during their seeond summer. . Dhiviston B (3550 milli-
meters) by the end of the season has gaiued the greator part of the differonce at
the start between it and Thvision A (4950 millingetorsy, redudine the moarein from
11 to 327 millimters. These seallops werd confined in (he same pen, and nuoe-
beped Dividion A 125, Division BB 2000 Thi< tendency perhap< aeooants for the
uniformity in size of seallops in oany partiealar Toeality ot the et of the secand
sumimer' growtl, when the seallop i= pendy for market.

Growih (Millimetere),

A I B. A B.
May 1, 4950 A% 50 | Seprembor 5§, .72 Al
|
June 1, 82.25 43 23 Septembher 23, 39,70 33 BT
Julv 10, 53 33 46 25 | Navimber a, - N2 8% 50 4

August §; od 6l 47 %5 November 22, : g o7y
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Fig. 91. — The eurve represonts the growth of the averaee AMassachiusotts seal-
logy froon 1005 to 1807, Notoe the rapid growtly frome July to Decsmler in 1905,
and the complote vessation during the winter months Duogine tHie seooil =uiisiee
comes ancthor petiod of rapid erowtly, whiols ocasies ahout Des, 1, 1906, The norimgs!
lifw oof tliese senllop< onds <oure time in Mareh or Apedl, 1907, bt s Tow often jass
thee typs wonr="anark.  The rowtlool these old =sallop= is representid by the broken
line in thy dliaeram, smotier gowth startiug about May L The fizures on the
right represent the size of the scallops fnmiliimoters (25,4 millimeters sgual 1 ineh).

Ayorago Scellop (Mallimeters).

Aug 1, 1905, o =0 0 | Auw, 1, 10N, 4457
Sapt, 1, 103, L OBLEE | Sepn. 1, 1906, Al A18
Ot 11005, 2390 | Oet, 1, 1004, 55:51
Nox, 1, 1006, 3313 | Nov. 1, 190 . ; o TES
Dhee, 1. 11035, M Dee I, 1006, . BT
Moy 1, 19046, HAH O Ay 1, W07, 687
June 1, 1904, 051 | June 1, 1007, . bEug
Tule 1. 1M, . ALTE | duly 1, 1007, T 1

Fig. 92. — The three ewrvis, A, Boanel O mpresent the growtly of the average
seallop in the thres lovalities of Byzzand's Bay, Cope @l and the islumds of
Murtha's Vinevand and Nagtuckst, respentively,  For eonvenienee, the sart iz
temnslilored ax uniform, slthoneh there s several days' differenee uthe spawiine
snsom The difference in growth ot the vardous dates can be dotermiyed by refee-
ring fo the fignres on thie right, which tepresetit the sizo of the =eallop in milli-
tieters (254 millimeters cqual Tineh).

Groticth h"l‘”i tricbersd.

IVaTT & ' B .

| Thie Telnnds. I Tlie Capw, Buezard™ Bay.

[
Atigust 1, | 2.0 2 X
Sepimmbar 1, 1045 1252 154
Oetobier 1, 15 U8 3 K ¥ ou
November 1, .51 32,65 a0 .07
December 1, Sl (] 430 | 41 35
Moy L 27 i) 37 4135
June 18 B 3344 30 4 7
July T 2 . 3500 41 .25 ! 44
Alrzust 1 d% 15 44 0 | &I 92
Septembwr 1, F, . f 45 05 4% 13 5t 0
Oetober 1, . . ., | 50 01 Mo 1 01
November 1, E Z ) X B Rlb ‘ LU 5.7
Degember 1, . . : 57 14 i 40 Aff 27
May T = - 5718 | i) 4e fifi 2T
June I B T 0 0] fid 04 i, 7

July 1. ‘s A A Gl 28 G4 15 | 69,77
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Fig- 93. — Giraphin reprosoniation of tho growth of the syrrage seallop and
it mnin i volume,  Starting Soptomber T owith 1 bushol of Pecinch sealbops, the
imerense i volume = presented on e riehe o terme of bashols oorresponsding
ta the differcur sized sealiops on the leftz (1) two-month seallop, .5 of an mel.
1 bushiel: (2) thrsecmonth seallop, 01 of an duel, 7.3 bushelst 63 fivesmonth sonl-
Topy, 1t Dueles, 2005 Twahole; 08 thittee s-mon th seallopy, LTS fnolees; G2 Tagsliels;
(3 seventeen-tnositl =callup, 2001 fuelied 1800 bushols  The seallofis are drawn
oue=lialf aotvial <ige.  This gapid lncropse showse the bepofit of proeseeving the “aeed ™
seallos, = the yickk i Jarge sodllops will more than pepay the Gherman fop his
[oresight. '
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Fig. 9. — Nuawg alolete (the little Llack winkle of ‘the gide (lit<) disveniringe
A seallope These little seavenper swarm over the =eallop.  Ocensionally ane is
active onoueh to get hetween the valves, forming s wedze which permits the entrane:
of others, which quickly consume the seallop.  Uhwing to the alertness of the seal-
lap and its different habitar (Nns=sa usually being found on the tide flats) little
damngo is done,







Fig. 95. — The pyster drill (f vosadpie vincnn) baring the shioll of 8 seallop,
Five drills wore formd on this specimen, bt one polled] off when the photograph
was taken.  Tho dritl hores a tine hole througlt the shell by means of a dbbon-dike
tongue Hned with siw-like pooth, and then saeks ony the powtonts







Fig. 96. — =pat hoxes, lowered from the raft a1 Manomoey Paint, after having
heen down for the summer, Notice the quantity of barnaelos and sitver shells
(dnemia) which have eollected on the outside.  Lnside these boxes beavy sets of
clams and quuhnugs were obtained, while on the outside were found numbers of
young seallops, which were removed hefore the photograph was taken.







Fig. 97, — Metliel of peconding the spawning of the seallop.  W. €. Vinol,

i pawning of individunl seallops, placsd them by separate glass dishes.
Ly this artificial woy the time sl mauner of spawning could be determined, and
tho vimgs phtained fur artifieial fertilizarion.  Spawning was aceomplished by mis
ing the tomperatnre of the water,







Fig. 98. — Youug oysters, ahoul three months old, attached to the upper valve
of tiving seallops, taken at Wellfloot in t)ewtwr. 1005, As these oysters. Imw-
in =iz they prove detrimental 1o the welfare of the seallops, and Sually may sause
their death.







Fig. 99. — Seallops aver onv year old, a= shown by the formation of the annual
growth line, which = eansed by ecs=ation of growth during the wintor inonths.
Any seallop which does not possess thi= annual growth line is less than one yenr
obed, and i= o “seod " seallop. The present legal definition of o ' seed ™ seallop =
based on the snnnal growth line, as its absenee indieates that the animal has not
as yet renched its spawning season, and 1=, therefore, an inmmature animal.







Fig. 100. — “"Seed " seallops, witlh o smal) soount of white wormy tale (Sornda)
attachod te the shell,  These =ealliops have not vet spawned, aod, foF the future
welfare of the seallop fishery, should be protected until they have passed the spawn=
ing period, which oevurs when the seallop is one yenr old.  The eapture of these
immature sceallops is a decidod monnee to the fizhery, and is forbidden by law,
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Fig. 101. — Vuriation in size af =enllops. The two oo the Il are fiftiesen months
old, while the twa on the peht are Yseed ™ seallops thres months old.  The dif-
ferenoe in size in seallops of the sane age, espectally in different focalitios, renders
impessible the definition of o " seod ™ seallop by monus of o size limit,







Pig. 102. — Young, yemdine and two-yoar-old seallops. The small seallops
an the Ieft are thvee ponths olil “seed: " those in the center are eleven months
old, and have o growtl e nenre the odee of he shell; while the large seallops on
the right are tweonty-three wonths 6, and hove two prowth lipes, the second
DLuitag olose to e ecdge of the shiell, Abod gne-lnlf Hie size.







Fig. 103. — The seallop on the left, a= indhiented by the nrrow, bes been killed
by thie oyster dull, which bas pierecd the <hell with o fine hole. A year-old oyster
ix nttached o the seallop in the conter, while o Croudrln (guarterdocker) has
Ilastened on the I‘il':'dlllrj o 1o prighit.






Fig. 104, — These seallop= show twa or throo lines whieli indieate tomporarily
arrested growil, A oareful distivetion shonld be made between gueh linesand the
annual mrowth Hne, which is eansed by the poneerowth of the sexllop during the
winter months, appenring nhot Nuy 10







Fig. 105. — Ip~tritment n=ol for mensuring the senllops.  Thie =eallog i= pussed
down the triangle notil it tonuches on both =ides, where the figures indicate its
leneth in millimeters (254 millimeters to an inch),  The instrament possesses the
advantage of speed and aeenraey for guick measuring os wany ax 1,200 moeasure-
menits heing possable inonan hionn,







Fig. 106. — The two senllops, ench fourteon months ald, illusteate the difs
forenee in growtls hotween looalitics with good and poor eiredlation of water. The
seallops situnted in the “euarront” reccive more food than in the still water, and
natitrally have o faster growth, a= i shown by the greater size of the "' eurrent”
seallop.







Fig. 107. — The Scallep Pusher. — Thi= implement vonsists of o Waoden
pole, from & to 8 feet o attachod 1o s roetnmmlar iron feamework, 3 by 144 foot,
fiteeedl with o perting bog 3 feet 1 dopth,. The =ealloper, wading in the shallow
water, gathers the seullops from the s by shoving the pushor among the ool
griss.  The photograph shows the corroet position of the pusher in operation.
Only o stall part of e pole 15 shown,






Fig. 108, — Scallop Dredge, — "The Scraper.” — This implement has the
form of o triangulir iron fromewnrk, with g curye of nearly 0% at the base, to form
the bowl of the dredege.  On the uppor side g raisod orosshar couneots the two arms,
while at the bottom a strip of iron 2 inches wide extonds arross the dredge.  This
parrow strip acts as o seraping blade, and 1= et ot an nnple sooas to dig into the
soil.  The top of the et is fastened to the crosshar nud the lower part to the blode.
The vsual dimensions of the dredge are: arms, 2Ya fect; upper crossbar, 2 feet;
Iilade;, 2o feet.  The net varies in size, usnally rumming from 2 to 3 fect in length
and holding Letween 1and 2 hushels,  Additionil widehts can e put on the cross-
bar when the sealloper desires the decdas 10 “serape™ deeper. A wooden boar 2
feet long buoys the net. The seraper used-at Nantueket has the cntire net made of
twine, wheteas in otlier Toealities the lower parl consists of interwoveniron rings.
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Fig. 109. — Soplloping honts between the wharves st Nentueket.  The eat-
bionts wre mooved 10 this fashion after the day's dredwing.
Fig. 110, — The start.  Leaving for the seallopine gronnds.






Fig. 111, — The sealloping Beet at work on the heds.
Fig. 112, — “Dredgine"







fig_ 113 — F.mph\-iua tho eontents of the deedee on e ealling ™ Loal, whierse
thie=enllope are sepurated from the el grass and othor déhris,
Fig. 114. — " Culling.”







Fig. 115. — Landing the catel on the whari,
Fig. 116. — Carrying the seallops to the shantics, where they are opened,







Fig. 117, —shell heap outside the shunties a1 the end of e season,
Fig. 118. — The finished produect, paeked in Kegs, ready for shipment (o market.

Nk, - Fios, 00115 are fromn an execllent series of photographs furnished
by Mary H. Northend, Salomn, Ma==















