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INVERTEBRATL ZOOICGY CLASS, 1941,
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9, Brown 9. Gilligan 9. King
10. Carpenter
Team IV Team V. Team VI.
8 1. Dodd 1. Burke
2. 2. Gl.lette 2. Batchelor
8 3. Culberson 3, Derg
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7. Mille 7 7. Tuttle
8. Ross 8, 8. Weber
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N,B.,= Numbers befo the names give the numbers for pleces of equlp-
ment for the team gi ven on the schedule of equipmeqt for sach fleid
trip on the sheet merked YTEAN ORGANIZATIONY

Eash member of a team will please tc provide him or herself with
the proper item of egquipment for each trlp and report to the Lf’
instructor for the %“rip scheduled as glven on the sheet marked REIJ
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tigs of the forms found and lderntified.
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bl in by & team must be removed Ifrom The ARK ao
soon as nediatoly! on return and placed ln opcn dishes of
fresh SE! me dcgE*Qgrood upon by the teem. This must be
done bef ziothes. DPon't put werms and srustazcans to-
gother in sh; they will eat each other up. Teams should
organize z in thesc leboratory sesslons by meking some pecrsons
responsit sorvain groups of animals, etc. Instructors are not
rospons 11 this ¢crganizatlon. Tash team should do 1t for itsolf.
Elect zg] 8. BB8. Inn*IuJ+or< aro presont to help not drive you.
Mombers are £9 be actlve learners not passlve sbsorbers:




INVERTEERATE ZOOLOGY COURSE
Scating 'Plan
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INVERTEERATE ZOOLOGY COURSE, FROGRAM, 1941.

NzB. - Subject to change to suit the weather.

24, 8.00 },M_~Introductory remarks on conduct of the course,
duties of feam members, dangers of tides, poison ivy,
eté¢., in Laboratory.

25. A.M, rfotovoa (ﬁstermaq, Jones., Gildbert)
P.,M. STONY BEACH (2.00-3.10-4.30) bring in specimens.
26, AN }rotozoa (Waterman, Jones) .
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4, for review of forms found and for idantificetion of those
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The msmbhers

the Marine Bioisgisal Laboratory, sefter Tthe
24y on Thuo ‘ s end piaged in the Main
¥ Buiiding. Volunteers to change seawater and keep
w1lll be needed.




INV.RTEBRATE %00LOGY

Laboratory Study of the Protozo&

The following directions are merely indicative of the plan of
the work =nd variations are acceptabie. The organisms mentioned
holow are marine drotozoc with the exception of the intestinal
flafellates of the Termites, Directions for the study of some of
the protozoa listued seicow are given ia Drew’'s Invertebrate Zcology.

ist. Day. Attashed gproiozoa .,

(1) Exeminz 5ld colonies of Obhelia, Tabwlarie Sertularia,
or Pennaria (Coelenteraces), and Filamenitocus Algee, taken from wharf
piiings and leborasory bhoats, for representatives of the class Suc-
toria, i.e., Fphelota, Poduphrya and Acineta. Trishophrve salparum
may someiimes be fcund on tne exvyernal beGy surface of Mocigula men-
hattensis, &ad Paracineta iimbate on elgae, bBryczeoans, and hydrozo&ns.
Vortizella, Zouythamnium, Feliloulina and CTothurnia (Ciliata) are
among the attacthed forms whish will elsc be found., Slides, which
haye veen immerssd in Eel Pond for several weeks, are good scurces
for staliked. attesned and cervain free-.iving prociozoa.

Free-1living protozoa.

3s of profczsna from mAarine hebltats and alsc
z which have Uesn standiag in oid hydrold

ter for a week ¢r mera, The Tollowing
i X ; U*Osu"iBi Chaenla, Fora=
yonla, Discgeephalls,

k ymerie ., ﬂuclotes,
| 2 8peciss;,
Lombius AHLLEIT4

‘Note the rapldisy

muiated o clean maverial

ree8 are svallables o thrsee

"
vommensal, and Parasitic Protozoa.

in marine Praote Z0A with marine hosts of
a ‘,'a_L _LLJ. U.,_\: l ul" 3 ull(’t _" 2




(1) Commensais.

Boveria teredinidi
Lichnopinoia macsfarlandi
Ancistruma mytiii
Apcistruma isseld
Gonchophithirius mytili
Chilodonella hvaline
Allgsphasrium pelustris

Fpllioulina ampulia

Prignadiia s

Teredc navaiis
Crepidula

Mytilus edulls

Modiclus modigius

Orshestia agiliis

Orchestia paluastris

Limuius
pdellsura

Thyone vriareus

P
DFALG Lues

Amarousivm

Uystel

¢t

-
4

CwBLt

¢

¢ sesundary host;
Mud crap
L primady “fioBt}

T e R e

Prhagaslcsoma gouldl

Location
Attached to giils
Lgg cases
Manclie cavity
Mantle cavity
On muscges & foot
Exoskelaton
Zxoskelrton

Giil books
Egg cases of Bdellcura

Digestive tract
Intestine

Jall vledder

Intestine

TLutestinse

Lesunae (blocd vaseus=
LBTr spacss/

*ocs sac & oVAry

il

Latestirie
Intestine

Tatestine

Crysta..ine style

Spores in muscie gillil
mantle

Tntesgtine




(3) Symbionts.
Trichonvmpha su. Termites of this region. Intestine
Dinenympha Sp. . "
Pyrsoriympha Sp. : W "
Spirertrictionympha sp. b -
Study caretully and draw [or describe;, at ieast six of the
above forms, only ocne from any parc¢icular host. Examine as many

ctners as tims permits. Tunciude with sacn drawing the following

5

date : Erlef classifisation, host, behavior, and location in host.

drawings and reports are due tomorrow mcerning at ¢ AN,
Ve fage e UR PO Sde U9 S ok 5% & %




DIRECTIONS FOR SZECURING MARINT PROTOZOA FOR LABORATORY

A. Suctoria, Folliculina, Family - Vorticellidae, Cothurina and
other aftached E_utozoa

These will be found attached to filamentous algae or to Hvdroid
colonies such as Tubularia,6K Sertularia, Pannarie, Obelia, etc. taken
from wharf piliangs. Examine pieces in a syracuse dish or on & slide
with low power., Anoiher method is tc line a large giass container
with syracuse dishes, fili the container with hydrcids, sticlk slides
down 1nto the mass ¢f hydroids 1n the culture dish and place under a

salt water ctay several weeks before desired. Among the material
attached vo ths slides will be found (perhaps; Suctoria, Vorticella

Cothurnia, Foiiicuiina, Radiolaria, Zoocthamnium, Heliozoa and many

Free-swimming ¢lliiates. Anbdther method is to suspend glass slides

in the Fel Pond. Foliiculine may alss pe found on the egg cases of
Bdeiloure on the giil ucoks of the horse-shoe srat, Limulus,

ws pamercus Follicuiina is as foilows: Place
gsyracuse dishes & b in &8 syvsializing disn !/ with or withoutw
old hydroids| wunder %The selt water tap ebout 48 hours tc¢ a week or
more betcre desived, The Folliiculinae will coften be found 1in great
abundance on the under | or savity) surface ol the syracuse dlshes.
Wipe the botiom surfass of syracuss dish sliean, turn it over and put
in about ons-eight i ea wever . Study uwnder the misroscove. An
individual may s A4 to a siide for high power ouservation.

A methad Wi

st glw

z3rn algae talken from tae
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not usually ebundant.
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Directions for Securing Marine trrotozoe fcr Leboratory
Phescolosoma gou.dl
Hemove the intestine, open it and wash the contents into a
syracuse Gish. Transfer the parasite to =z plass =siide. It 1s pointed
et both ends, curved and wrig-les slowly.

;lymenelila Torguata

“imilar direcbions s for Phascoiosoma. It may be easisr %o
slit the anime: Jlongiltudinally :nd wash intc a syracuse dish, or
chop up Zpileses ol it, & moneystils may aiso be present.

weal amuonia so.ution ‘2¢) and, when 1t
ses water. The animal will irred*afely
ant., Guk off porilons, cpen and wash
y es mey Ue found; one 1ln the antericr

&
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Directions for Securing Marine Protozoa for Laborat ory

Conchophthirius is much larger and less abuaddnt. It Sticks to
the bottom of the dish or to the surface film.

Puffex

Open abdomen and pull out the liver. Grasp the gali bladder
at meck wity a pair of forceps and pull it away. Open on a slide
and scrape immer surface into salt soiution with a scalpel.
The spore stage may he present.

Balaqus ¢iurneus

The gregarine will ve founé in the investinal lumen. Remove
the dogesiuiws Lract and teass carefulliy.

The overy 1s T&4 in solor end wi.l be found near the tip of

Gt
ahdomen Wi
08 1Aatedvl
add a druyp
iates o
and has
largest
Pyrsany

head érmite i ~ne forgseps and the tip of the
the ather, Pull the _abther gentlyy By this means
san be pulled cut of the hudy. Tease it gently and
b o gl iins salutlion. The intestinal Fiagel-
onympina is largest . compact
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PURIFERA

The laboratoi'y vutiine 1s prepared for a fuil days work on the
porifera but since your time 1s shortenedé by the field trin thils
afternoon, organize your work so that at the end of the day yrou will
have accomnilrhed those parts of the iaboratory study which is most
jnteresting ancé beneflcial %o you.

The regeneratlon sxperiments on HMicrociona will be started firet
:n order that the material may be observed at intervals during the
morning and again in the evening.

“eg ieralion ci lilcrociona. =ach student willi need a finger
powl, & yrarube wateh-glare and a slide. The groun &t each table
will naao arn acéitional fFinger »nowl to be used in common. Fill the
finger bowla about two-thirds full cf sea-water. Place the watci-
glasf on the botftom and the slide on ton of the watch glass. Into

the common bowi, cellis and broken fragmentes from icrociona will be
Juea," ~ough fine meshed belting sloth, Fipette a small quantity
of thia terial into the finger boirle containing the slides. k8 B80OON

g8 The gel.

have had time to settle on u;; glide, carefully 1ift 1%
aut and i

feturn 1t carefully to the finger bowl. Study

several r*nnx ”W‘1ﬂg the day. Have the =sells shown a tendancy to
aggregase’

mass and ihe cells invoived are

geltacff. Many of the oell tynes,

Layer ané il of the skeleton

Wilson consgiders throe Ltypes &as

. B0e choancsys whicn remain

i, ﬁpith(ﬁi:n LWwe, zells with

TROuL2s to a wvariable dsgrce in thelir
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ti;f: to the celie a
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u:d“ﬁod f om fresh
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J thaiinsn. Focus on tho
trc bncnkcvzc fingella.
betier in Sycon !
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LLg may o«
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";'1""1"“7 "&'E‘-

farm and alac in 8Bycon, Chalina, Halichon-
studied btoet by examining the residue which




Y il

remains after sponges have been boiled in notassium hydroxide., Mater-
jal has becen trented in this way for you and ig avallable on the
prc“arntion table. Uraw acetic acid unéer the cover glasses of your
geveral preparatione. Note the rerulte., Illuatrations and names of
agome typleal snicule shapes are founé in Pratt's Manual and Human's
Inv(rtc“rttes, p. 298. fCommarec the descriptions given in the text

for spceles renrccented in Woonds Holic with your obrervations. Lrow
gach typc of snlcule found in cach of the sponges avallable., For

the non calaaria refer to Vosmac's The Sponge of the Bay of Naples.
y§rite the scicentific term under each snicule. Sce pp. 95-105 in Delage
ané Herouard. Emnhaeis has been ninceé on the form of the splcoulcs
pecanuse the soicule ie frequently thc most consfant mornhological
gtructure availlablic in the classification of somc snonges.

fiycon tyve. ‘Byeon called fGrantis in older %texts; Suggoestions
for sLufy of thig soonge arc given in Drow (ow. 37-40, Bth odit,)
The rcmarkes here arc supniementary to the text, The relative rizes of

jpcurrcent and radinl cnnhis and their rclation to cach othor may be

geen clerrly in a tangentinl scotlon of a dried ekeleton made ac follows
Two aute are made prraiicl *o the long axls: the niane of the flrst
DAEECE inngsrtin?ij to the middle of the body wall, the nlanc of the
second,; narnlleli to the first, ie made sufficiently nenr the long axis

go ¢ To ineclude part of the inner surfooe

oetlion of curroent
lirgotlones in Drow
current 1{ good

Gl ey o A qp
pom i § VS WL

materinlk. Coanorvation an tho 4i
flow @an Dc o
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Leh shows a more vigoropus TLow O

=y i"-' ".s
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4 mm., chjestive and yet, in

I rolntions ¢f the anlmal's

cf n millimeter are about
Wikl e Flanbls ang

minnticn onc may obrerve

slianooyts if you did

, dereioning
mhibliastulae with the
otelingd. by Ofkﬁs.f.fv’,'i'
When Treed from the ‘fjiﬂlt
& Wnoor, ggnW‘whnﬁuer
rosienn that may be available

onern.,. ocrginization of
gained of

e e spicules
xag&;f;;nuwun of nbous

FLRES & WL03Y y in n yrrcusc
an sgguiem. Not he #igerousr flow of
mbrane wWriclh forme The ocsculum ig¢ a

¢ surface of the snonge forming ite dermal
AYOm. B i ‘neath supmort L% Like fo many tent poics.
Nlﬂ»r'u~ aetia are present in tho nembrane whlch Lend int%oe the s
tengive i erma. Helow, Fron this lead the insurrent sanals




directing the water toward the fiagellated chambers.

Other Sponges. Examine wuch other smonges as may be avallable
in the lnporator ry, nrobably Tethya anc¢ Cliona., Cliona 1s the sulnhur
gnonge =--- £mell 1 It e able to bore into sheils, but apparently

- o

not by the use of an nclid.

ct~

811 wecords of your work on the Poriferan are duc not later than
D00 6.m.
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Glassification of thc Phyium Porifcera

Class L. GCalecarea of Celeispongis, the calcarcout snonges.
gkelton composed Of scparate alcnrosus spiculesg, one-, three-; or four-
reyed, not divisible into megasclercs andé microscleres,
Uréer 1 “31ﬂ03c49 the ascon snonges. Structurce asconold,
Order 2. Heterocoela, Structure syconold lcuconnid.

Clase II Hexnetinellicn or Trinxornida or Hynlogpongiae, the glarss
eaponges. Skoleton ecompoged of triaxon [six-rayed* siliceous snicules
or gone modificaiion of the triaxon forn, aseperntc or united into
networkec: chaonocytes limited to finger- rhaped charbore arranszed in
a eimle or folded layer; without surfacce enitheliun
Grder 1. Hexasterophorn. Wilth hexccters, without siph 101@
Orcder 2. Amphidisaophora. With amphidirks, no hexnsto

2
dlasse ILY, Demosnonglae., 3Skoleton of siliceoour enlcules or herny
fibere or “wt“‘ prilicecous fpiculcs not triaxen, generally differentint-
e into megnsclerce and nicerocclores; flegellated chembers mostly emall,
round, of the 1 roid tyhe.
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Hyzoepongida, Without snpilcules; structurc simpk
Oarnosa or Homogolorophorn or nicrorclernnliora,
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PILATYHEIMINTHES AND NEMATHEILMINTHEE
Selected Bibliography

(original research and good reference lists have been the crilveria
ased in compiiing this bibliography. It is not to be considered a

i

corplete 1list, but a warkable one.
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Most of the other references in this list are supplementary
to those in Kikenthal.
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POLYCIADIDA: Fairiy large turbellerians, with thin, leaf-ilke body;
1wteqt1ne with very numerous brenches which reamify throuzhout the
eyes

body;
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KEY T0 THE KORE COMMON

FOLYCLAD TURBELILARIANS CF TEE WCODS HOLE ARE!

usually numeraus
Tentacles absentscvcssosvos susasech
Marginal eyes presenf .....Coronadens mutabi‘is
‘merginali syes arourd anterior body half, cray to
yeilowish-brown; 18 X 5mm: among shells and elgae)

PO VOO T30 QUSSR EES0 V9

Marginal eyes abEBe@nbouvsocoscssnss ; RO ] -
Four wconspicuous eys ,Luayers ‘near anterior end.-css
56 9B 0BG EOOBE GD e oL NQtODL&HB atomata

yn.: Leptoplana variabilis)

m - long brownish; s¢uggi h; under stones in

pools, also on piiings and aigae,
abth 2ix on each aide. no% In consjplcuous
G500 ¢ 5% & ﬁfqg¢ana pra01lis
lowish to brownish- gray; 8 - lemm. long; on
ngs among algae and shellz)

preser: ts coeu 6O FHS STE NG AL SO

Tomed by upfoLnsf antariar merginscocasss

T - s Burylophts maguiosa
Ub;aﬂeﬂ margln, 10 ‘Tgmm Tong; tentacles
gy 8 pals fleshesolorsd ground; on plles

a6 juﬁﬂ tusuez to anterilor body
o Sy I B o ¢ & "',:‘z-;'_P.-j',-‘-‘.‘-"w:‘;g
"'uurding or naarly
L= T T T n
P“ailhg SwWish or wnide ana
whidh the ‘most anterior and
usually found in hermit
;3 often on wharf

zebra

Uulor usually oream O Fellow; :
i# ¢ under stones in shallow water and

iir1i u%i

- o e, -
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N ithont eyes =G ctc od throuon
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sentacies WiTth e eyes sceitcred through
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petoncholaimis pristiurus

This form is & free-living Nematode found in the mud in shallow
alt water. It belongs to the large marine group, the Oncholaiminae
(tyre senus, Oncholaimus, "tooth in the throat") .

paretion for Examination:

tudy several specimens in a syracuse dish with a binocular
dissecting microssope to observe the continual colling end uncoiilng
characteristic of many nematodes and to distinguish the dlunt anterior
from the more polnted prosterior end, Note that some large specimens
contain several large vesd-iike structures at about the middla of the
body. These are eggs and indicate ths animel i1s an adult female.
Flace suck a specimen in a drop of fresh water for one to two
pinutes uniil quien and then mount at once in clear sea water.
Flatten the animal siightiy br removing water from under the cover
glass, Under these conditions the worm shouid be gquiet except for
siow movements of the digestive trasct which wiil heip observations.

The Digeztive System:

Nouvs tThat the Lr:uexior and tepers very rapidly and is slightly
surved, The ant 4 hepers graduaily. Alicng the sides of both
ends are nuUmMeTIALs setas. A% the trurceted extremity of the
anterior and 12 seen Lne moutn opaning. Behind i1t 1s a short pharynx
in whichi thers are three sharply-pointsd teeth, the onchia; The
thick-wallied nuLe anﬂLng baclkward from %the Lvaxyn\ is the oesophagus.
A% 1te paoaterioyr ax 1s spin v walve i{the cardia/ merking the
ong,th“g of 1 18 & yeilowish-brown tube running
AT " the body. Careful focussing

LRl A
on the F the 1nte

© rili show thet 1lts wall 1s com-
posed opliohslil The inner ends of most of the
epithe. led with g 183 wnicn give the cclor %o the

ihe sapering %ail (ventraily)
Irom it at an angle 1s the

ha“ V.'a":; ak &
nning forward

intestinal
18 seen the Aaris
Yoo tulil.

in the postarior
F impecceptlioly
showing internal.y the %three sllightiy
1Fee sands. glands. The zement-like sze=
poured ouh ©f the minute pore abt the e
treme Ui e ussd in vemporariliy ¢ementing the work
by the te tiie atum. & spinneret wvalwve hemisprerizal
?O‘f(rLu_; 1 tapering anteriorily; 13 fastened %y a contraztile
Tiber to the i . ané the sonw: lorn of this flber withdraws
the vaive %o of the secretion. The zanda. glands

810 eliipso 41 rang ir tandom Tashion from a point about filve
vody diaM“‘“*q antsrior te the anus %o a point about 10 bedy
dlansters anterior to the anus. Eeth caudal gland 1s conneczted
with ab ampulia ©y a long, slender caudal gland dust,

10 and

gwollern ax
et lon i
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The Zxcretory System:

This system consists of a single "renette" cell which is a
fusiform, ventral scell located ventrally about four body-widths be-
nind the neck. This cell is connected by the renette duct to a
=ingle , ventral excretory rore located about one-fourth the distance
from the antericr end of the body to the nerve ring. The renette
duct enlarges near the excretory pore to form a minute excretory
yvesicle.

The Nervous Systemi

The chief concentration of the nervous system is the thick,
semi -transiuvcent nerve-ring which encircles the eosophagus about
midway of its length. Before and behind the nerve-ring are numerous
distine®tly nucleated ganglion cells., Other gangliion selis may be
geen along the ventral nerve and in connechion with sensory setas
of the tail may Le seen in demonstration specimens steined with
methvliene blue. The longitudinel rnerve zords are not well developed
in Metoncholaimas

pJ,xlmﬂ we vhe large thick shelled eggs,
mai be desn a row of suboicdel oells nearly
F body. The most proximel aof these

which are In Tt
a8 large as f

gells , the end of the ovary. From thils
polnt. an eri rward showlng progressively

broad reflexed ovary
2% which turns posterlecriy
ior end of the ovarys

; transverse vagina UC
lasated extornal opening

nelzts of the
CHe TFeCTum ars
m glands,
v these tubes

m the uvetts
sy ting as & wlds

the efferont uteirus,
The demarian
ter~soluble #62re=
sumably t2 prce-

o show a8 many

& male speclmen and sxamine.
¥ represented by obecurse

8 diminishes sudderly 1n
armed with about ten smalil "supplementary
ted, wnilch give the %all a serrated appearance

408 BIYG

The tau #f the me

organ5“ ventral iy
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giving rise to the specifiec name, pristiurus (saw-tailed). There are
also sbout thirty short ventral sensory setae Supplementary organs
end sctae are alike sensory in function. The opening of the male
gcnlbci system 1s just antericr to the anus. Extending forward from
it are two slender, rod-like spicuia, about seven times as long as the
gnal body diameuer There are two testes, the anterior testes and the
}ostuflbr extonding in oprosite directions al ,ong the middle third of
the body. The Two testes join the long vasdeferens which connects
11t“ +ﬂc e jaculatory duct which in tarn opens posteriorly thru the
geni’ pore, In each testis there is a progression of steges 1In
Sper GQVCLOLﬂxﬂC from the blind end of the testis toward the junction
1b~ the vasdeferens, Draw £O show the meie genital orgens and the

fxtr ne Lobberlo*'end of the male worm.

~




PLATYHEIMINTHES - IABORATORY DIRECTIONS
First Laboratory feriod - one half day.
Gless: Turbelieria.

A. idelloura candida; Observe this worm in its natural environ=

ment on the ventral surface of the horseshoe crab, Limulus. It lays

ts eggs in cocoons on the leaves of the gill books but may be fouand
jn large numbers at the basal joints of the walking legs.
1. The pharyngeal-proboscis mesimhism: Transfer a worm to a
rop of sea water on a slide without a cover-sliip, Add several drops
co 7% elcohol and watch for ypharynz protrusion. This usually occurs

rin a few minutes. The musculeture of the pharynx may be¢ seen
cerly leter under e cover slip by examination under high powers

2. External ciliation (a Taxonomic sharazter): add a drop of
see -watcr carmine suspension to a slide with Bdelloura and observye
the current sct up by the epithelial silia, TIlla may be obseryed
also under high power.

3 Morph riece a medium-sized Edeiioura Huleun 2 glass
siices with veselined edges and predually somprcss unti he worm
is cuite flat and quiew EulLow directions in Prew: 6C~703 1t
pecessery, for =lcgln eeg3, make separate dlagrams of the different
orgen systems. These ays teﬂs may be inciuded in a single composite
S0

diagrem. It may teke scveral spoecimens before the entire morphoiogy
gan be determimned.

B. Optionail: Fur students who heve studied Bdeliocure prcviously
and fo; Thosea prafer to make comparetive and embryological

S tuGies.

1: Make a compavative study of the sevcral s}

beZlarie 1ln the laeboratory as to groas morprholog)

2. OStudy The eggs «‘ﬁw;orin‘ larvae of Tuplana graciiia
Th;s p”qu;E ' tsd ' 026 on ulvs in the Eel FondG- use
Kukenthsal refarernce.

Sesond Laboratory Period = one half day.

Claas: Trematoda

) Trematods (Coapling,
(366 3 The 1ifes histers 1(3rnpjfn)?
b ki o vg; of tks mesacercariaé. fbush Morpi.. and

FPoysiol. .

Obtein two or thres speslimens from the assistant and mount on
a 8llde, Vasellpn® This edges of ihe woier P ané apply pressurs
~~L‘l the worms are fairly well fiattercd. As the worms fiatten,
‘ndy eteilas may be observed more glearly. Beginning antnriorJy
J o0k for the fu”‘ﬁWLﬂE fea‘“;c :  Lral ﬂu,kcr surrounding the
- 1 % bulbous pharyne; esophagus branching inta
thet extend .~teraily Lo almost the pos=
= yentral suchhyﬁ a% about midubody length,
orc; uterus , filled with yellow eggs; daxtral
telline or yoik i__grvoir’ dextrel ovate
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v 1 receptaple; two obliquely-situated testes; median excretory
Tisader. extending as a slender tube to the posterior tip, emptying,
steriorly, snd to a large extent anteriorly, are the vitelline
r yolk foliilclies, o1 5 G

2., Optional: ZEzxamine slides of different species of Trematodes.

Compare and draw a few.
Third Laboratory period - one half day.

TLerval Forms of a Digenetic Trematods;
1, Redia. In a finger bowl at your desk are specimens of
Littorina lifttorea infected with C. iingus and removed from their
shells. Pino an undamaged redia snd mount on a 3lide. Note the
horf, intes%ine, antero-ieteral birth pors, and developing
T lac ranging from undif ferern’iated germ’b s at the posterior
end to meculre nercariae near the birtn pore at the anterior end.
Release oi cercariae through the birth pore may be observed.

2 Cercar|a~

arop of weter containing
ap o 18.0,000 solution of
pneutral re . cover with’ GOVeT = As the water evaporates
the pressuy! of The sover allp Fle*te arrd quiets the gercariac and
the body details bezome more diﬂtwngu*snabée Note the general re-=
semu_ande of the body of the cerii to thet of the adult fluke.

. cker 1 UDE . penetra*:ﬁn glands with
; p'ue the anterior tip,
The whole bodu surfeﬂc vurmina*
and tail. Note She #:stribution
on the uody.

2 Cbtein from the asslstant
it 5, iingus add a

ma oure <ceri

ing forward
.7»Auterrd over

2 cimparative study of Tixe wvarlous

stment of cerceriu:

The metasercariae of ., lingua are found In fishes
=100 the Ru*ﬁCL‘ T T ua sercariae o s fingoroowl
conte ' metacercariae in fins o few

fin to watzsh gless containiang

hours 13
acslvitleas of The percarlas

caruariae Obzerys
during encystinens

uudving ensystment of C. linxia

be e:bstg,dvod Obtain a

i gracilis end pluce with

‘ g PR
;gsaion :IiuC And sbserve encystment, 4if interested,

3
try ¢ther turbeilaria wit h.t}is cc“cuxta and compare,

o

4, Motpsercaris.

lingua as it appears encystad
a from a 2yst and study. Note

it 8 Cunner
‘ the adult worm.

excent
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b, Optional: May be substituted for the metacercaria of
oua o

O
‘.J

i1, Remove and study the metacercerie of C. parvicau-
date from Euplena gracilis thet you infected previously; or

2). Remove and stwdy the metecerceria of Maritrema
grenaria from the barnacie, Belanus balanoides. This worm me tures
in the Ruddy Turnstone (Arenéfia Interpres], a shore bird. These
cysts occur in large numbers throughout the tissues of the barnescis
and mey be teased out easily with needles under the dissecting scope.
;lace the cysts on a siide in e drop of water. Slight pressure of
the cover-slip usually excysts the worms.

Fourth Laoratory Period = one ha.f day.

glass: Cestoda.

1. Szolex: Exemine living scolices of Rhynchobothrium and
Cullicbothrium (both from the spiral walve of the smooth dogfishj,
gﬁd if evailebls, oqsohotirlum from the sand shark. ILook for

: . proboscides with their shea*hs and con-

he tasegmented neck region, excretory tubes with
21ls , end nerve trunks.

adJm:eI %

2. Mature proglottid - optional: OCompress a milky white
proglottid between a silde and cover-3lip end atudy, fo¢¢ow1ng
Drew., D. 745 as far as possible.

&8s P iCyanice The nexacanth embryo of the
the tapewsTm : lum f”um +he Hemm rheasd shark. enters the body

of the butterfish, 1té intermedlete huoast, The syaticercolds are

small white dots in the dorzal \ody muscles. Tcasc a gystilcercold

out of 1r: sneath of hogt zonnesitlve tlssue and cerefully tease 1%
aL‘»J \ 3 Uove irn filettened position. As Zhe
iary : iike those in Rhynchobothrium.

flass: Namertea.

Foilew the dir I
differencs 1 '3 morphcLogy between the two

d ions for Tesresfemme in Drew,
tae larger number of oye-spots lo Amphlporus.

2. Make a cumparative study of nemdritlnes In the Leboratory.

in Laboratory Feriod - one half days
Phylum Nemathelwinthes - Class Nemetoda:

Foliow directions on mimeographed sheecits distrlbuted with
s

this outline % work out the deteiled mor holiogy of lMeztoncholaimus
bri ’Sli“ rus .
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KEY TO THE MORE CONMON NEMERTEANS OF THE

WOODS HOLE XEREA

NEWERTEA: Soft, very contractile, often brightly colared;, mostiy
free-swimming; body elongate, tarelike or filiform; proboscis often
protruded on stimulation,
(20) Eyas prossiliccocsocrhnn Goiens Saiae s ainn o sl i B 56 2 08
{15) Eyes Faw 1o rashielacs si tnse s halis ones vos S8 T 0l niains - ks «
(10) Four eyes, f@:ming B rectangle.vescos o aBAss s ol
(5) Body stout. B 8 s Totrastemma vittatum

1
2
3
4

o an

Rl

20

{Green o yeLLow1<h with 1 or T dorsal stripes;

Sem X 4mm; on muddy bottom a® low tide)

(é‘) -\—:O(‘J y 3 ‘Lerlde r U T g ol % L .8 Hh BB GO SHAS ARG8T 56
(7) %Ody Jvlelwng ‘from middle both wavs y 5 6 Smnp oSNNS
r G eBGEBEG DS meLra@temma eleqans

(2em X Lo, medisn dorsai §6110W and two lateral
bLUWm stripes; among weeds and stones)

(6) Body w’ier in front, tapering posterlorlysccssscsscasu®
(9) DBody pale yelisw or reddish, spotted; found on
maady b;u,om AATGLED FEaD Y o < -Tetrastemma vermiculum
{8) Bady white, light green, ov y,¢‘d_ion, not spotted;
among a_ga»'n» e A B S ,_,.Tei"astemmg_paggidﬁm
(3) Eyes 4 = i4, iateral mnever for ming & ressangie .. ..« Ll

(12} DBody small. somewnat flsttened, dark greer with
mid-dorsal yallowish stripe ,f,;hln@us bizoligr
g 2yes on each side;

{45mm * 1.5mm: singie row of ¢
among elgas and hydr ida 1n skalliow water.
'rng and ¢lender. not flettensd. B AR NS A v 5 e
A o} ikghu 51$=1 wher sortracted. §EE S G
o : T el b so,&aiis
3r3w~’.mth a 8w narrow
gingie row of 4-6 very small
ad: under stcnes between tides;
- vher contracteds
insus rubex
oW of 4-B eyes on 2adh

'tsnas between tides)
S 4 bacRELn e el 0Lt DAY
p7es in B o 3
dy: between tldes.
g 85 4 nemertes virescens
{16 no sLﬁveW1d"bﬁ§iTéb
C-
(e huCRWELD Tam X Smm under
EE O e N s BB D $ qra -eus
(187 : fxyhrdi caus’ ¢ white marginal
! PEoupa s peddils or brown; %CHd
¥ white I3 ¥ with g whice Epét
1 naped tigare in tho middle;
gtween fides -2 - AmMph1parus ﬁEEQiEEHE
{1 Rl s S R NS ,,ﬁhk(d.@gsﬂ Ao n e 0% 53wt ki
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Caudal eirrus pPresont.soccsccosossscuss6boaauanadssss o
Body very long, 2m or less X 25mn broad flat head
1ancet~shapcd with laterel groove; fle .h—co¢ored,

in sand. ssssswssssenasnscCorebratulus lacteus

Body Long ana s*enzer, head without lateral grooves. 24
Head long and pecinted. pure white; body whi tlSh

in sand between ti?as.gjﬂln,_:g<"“0¢tzv*u

-—

Head short and triengular; bocy [ ‘u,.,,,g‘.uzgw;uugu26

Body dark brown or yoellow; in San@casessvsesscscsesss

: s Beas6a sssusvecones e MICTULE CBOCE

Body red or purple uO;Siin'ViUﬂ 1ight median line;

i5cm X 4mm; in sand tween tldGS.csescovcansssssssons

e .....‘.,r..}*.cw.:uﬁ*_}yva leidyi

Caudal cirrus absenbecsssss-:sssssrauscsescvanssess .o B9

Body shor s, f¢a“m thick. with large sucker at postorior

end; iIn branchial cavity of Mya, Verus, etC.scccco-c-
2 .malicﬂbdci~» g”JSQa

cnder: 3ylindricalg no Sucker, ifrec-swimming. .31

4Jindricel in frent, flettened bbﬂin“.?;u«g;u1352

255m X 10mm: alt 1ow 5Yée MoK csoaseses

sassescesswos o Bnapoila gurartiats

head ﬂ*itej flattened, rounded in front;

S 4 .« Carinoma t:umabboros

3yl nﬂr1cai end 111 form, nct 1 let tencd- oo ut

7ery sumll. 25mm X O.5mm; head large and ais+lnvc;y

fL,-whiti%h; among annelid tubes at low tide mark
ilapus poilug idua

‘ng giender, ch ‘ng kY boin;ed anterior end:

Tamy weorm zoils bo 1y in spilral; fiesh=coiored;

and in sana bu*wern % - . e B s Y 5

& . W T2 O IO 0 2
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First Day

General remarks: The materials available for study today are, Nereis
virens. Aremicole, Glycera dibranchiata and Amphitrite ornata. It is suggested
that the nai,otlzatlon of Arenicola be started first and while the animal is
relaxing study Nerels or some of the other forms avaiiable, Large, clear,

accurate liie drawings are considered the best method for recording morphological

observations.

Fellow divections given in Drew, pp. 91-95 5th edit.,

After studying Y's:ar‘*‘,*or\s “of ¢1v1rg worm, narcotize i% 1@ order to examine its ex—

ternal structures. To this by adding about 10 cc. of 95 percent
After £ or 10

ternal and in

alconol %o enough sea-water in a finger bowl to cover the worm.
minutes acd sn additionsl amount of alsohol if necessary. JTour study and drawings
understanding of the following terms:

of hedr and parcnodlum ghOu¢Q T T e
3 Lesa, naLE- parapodium, notopodium, neuropodium,

el per i sid _ and dorsal and ventral
yriphicns of ﬁhese staJCLures may be obtained from
Dlearer. anc mcunted wreparations <i Nereis narapodia,
chrained from the preparation table, Draw dorsa.

1 of wors %o show parapod”a dfa and dorsal

worm aveiiable for study and
Plan to cevote mos® of the

mey e found in Drew pp. 102-107.

sotion and any additional drawings

2.g. & nepnidium, The spesimen

have previous.ty
Aliow Lhe
el p ‘otrusicii of
Harcobize the
UG the
trashing
shed
movementsr, Locate
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Sezond Day

There will be available numerous annelids in the laboratory for identifica-
tion anc study. Prattis Manual and the Key of the Jommon Woods Hole Chaetopoda
will be helpful in this work.

Record your identification acconrding to the number giver easch spescimen
on the mimeograpn sheets prepared for you. Make zareful drawings of the heads and
first few segucrits of abou’ 6 spesics. The study of parapodia wili be given
special attentics TLomorrow.

Third Day

¥ you wish 6 the study of the warious types of polychactes.

2. Several living specimens of the Archiannelid. Dinopkdflus gardinerd;
Stuedy this specimen in conjuncticn with the papor by Ruebush

des are available;
a sharp sealpel
sare in handling

Lraw oross=

a gilde, using
ctures, Identifys
Anc eye Snets.
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Variations in Polychacte Heads

Prostomium - Typically conical but cxceptions, for cxamnle Glycera-
ciongate ané annulate
Nephtliys bucera - aponroxinately square
L. ¥alps
Large - Nerelds, Aphroditids {ecalec-worms), (Eunice;, Syllis
Much branched to form long, mobile flla nents - Hyéroildee,
Pgeudopotanila, Parasabella.
Feduced or wanting in nmany forns.
2. Tentacles
Apgent - Heolovnlos, Aricia, Arab
majority of formc cutcide of €
i dbﬂoublﬂ g, Ninne
Nere
= 4cv160rﬁtu , Harmothoc, Autolyitus, Syllls
- Nephthys, yaera fhyaloéocc
-~ Diopatra, Marohysn, Eulaiia, Leodice {Dunice)
Trophonia
tnphitrite, Lonracn, Polycirrus and nogt other
11lids.

ellsn, Lunbrinereis, and
he Nercidiformia

pios, nﬁ itrite, Lumdbrinercis, Pista,
\ ioic,aoc
sulalin, xﬂly

Marphysa
3, futolytug, Podarke,

Pzeuvdopotanilla

L“t found in

roplionia, 4uEc w0 forward

Fariations in Farapedin

Yorobellids

il 4 WOrm

, Thnetontarrous.
‘1ynenelln, Tlsteonldes.

Mo’ lare, Fieta K Amphitrite,
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Name

e

Place in the column at the left the dish number of the worms which you identify.
Turn in with youir drawings.

AT CLASS POLYCHAETA

Dish ORDER POLYCHAETA ERRANTIA

{ Number
Family -- APHROD.TIDAE

su s abasnossessanesssapidonotus sguematus (L)

e

.. .Harmpotno8 imbricata (Lj

sn s s BPLOAMELEIA Fh.

. wothenelals s,

Fandly — PHEI

.
g st o e el
: = u

:
e
=
j
i
|
¥

S S ———

s

Fagily —




Neme

I Family -~ EUNICIDAE

suadaososussancuses Diopatra cuprsa (Bose)

passssdnosaasasassanss Marphysa leidyi Juartr.

;
pssosudionssunossastss Lumbrinereis tenuls {Verrill)
L
i;ﬁpﬁa,_.‘fu..., Lombrinereis hebes

B Gnrosdbosaesasesenscs Syakells opaline !Terwill)

| : Family — CLYCERIDAE

Licsnovauosscanancassnn Ghysera dibranshiate Ehlers
; i

hsusenoddbacsssatnssncas GLpasyra americans Leldy

ss

“ { OpLER, POLYCHAETA SEDENTARIA
I

LEPUS DeY ZEdiSiInanels




|

e

[
&

Name

Family - TEREBELLIDAZ

eswenauves: Amphitrite ornata (Leidy)

»seevvssoso Amphitrite brunnea (Stimpson)
wusvusoes: Pigta paimata {Terrill)
Pista nristata
Terebellides sp.
epraea rubra Verrill

sasusuno Thelepss fincinnatas (Febricius)

:
rug paosunoreus Verrill
sue Dngplabupanaivis neus Terrdil

~«- sMPHARET L)
.o Ampharete getnga Verrdll

Fami by —— AMPHICTENIDAR

Famiiy —- CAPTTHLLTDAY

-

Tams T 4 e
Famil
o
. 2 5 -'i!,};:: L6
— MATSANTDAR




Family —- CHLORHAEKIDAE

Trophonia affinis (Leidy)

Parasabelia microphthajma Verriil

Pseudopctamilia oculifera /Leidy)

e & . m———

I
i Family —  SABELLIDAE
i
i
i
1

: L Family - SERPULIDAE

Beincssfuovnaacassnnss Hydroldes hexagorms Bows
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A Key to the Common @h~eimsoda of tho
Woods Hole R=gion.

POLYGHATTA

Dorsal furface more or lsge comnletely covered by overlapning
geales ftelytral) . . . PR R e s e Oy - T G

Leaf-like dorsald and ventral zirri wHich do not cover the
doraal surface, 2 eyes, 2 chort caudal cirrli., Blood
o0ROTISEE . . o 4 i R Ay P s e (W e r ST

Prostomiuy with « paips, 7 tentacles and 2 nalrs of eyesg.
6 reristomial cirri ‘arising from 3 fused segments) .
Lorsal elrri about as long as body is wide., Length

ap to Y am.  folor brown e RN SRR R I e e

i1 and . iong and s.ender, 3 tentacies
dlan ann vag, FProtrusible nharynx. Small
worms e AR e e g S e A R e el

Perilsatd

4rm‘

tentacl
i gthomlal

nmal: tentacles,
» notopodium

. t gill de-
noiwg

= with % prostomial
L1l parapodia a i VL

¥erl g ing forward in the form of & sollar to
20 pyown of Dranching paipd « - . R A o -
CLIGCUHAETE
3
oregan’ N¢ ¢dia or sephallisc appondages: - « = o L&Y
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Polychactec Key

a. L2 palrs of scales o
a2 15 fil n I
cict o o

aaa. 40 to 60 pairs of
esually found in

Black in coloA;
tubes

scales.
Amphitrite

Anoa. over 100 scales. Graylsh color . . 5
8 % 8 & @
I v
& 2 paire of peristomial clrri: 4 short
proglomlal tentacles B
8. + palre of peristomial sired
b, + prost um:aﬁ tentacles 5 g hap N
' E {1 median,; prostomianl tentacles .
ey = ®» % B B
[Li -
% F OB ¥ B %
£y

segmented
é"ﬂcl ted
-~

YeLONC fj

Hoh ge
=T
We e i€

EPIDONOTUS
HARMOTHOE

LEPIDANETRIA
STHENELAIS

ETEONE

PHYLLODOCE
EULALIA

OESCURA

DAL ADYTI
?[«J‘a)&'&-“.&\.a'a
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VIII. p
a. ©Segments of body long with protruding

setligerous setal sacs of contrasting color.
. Anus dorsal to a flattened, smooth,
caudal plate; mud SUNSE o . & 5 5 an ey v xox DERGANE
bb Anue ati nosterior tin enclesal in
a collar of cirri: sand tutes . . s 2 5 v oon o SEELRNELLE.
aa. Hagments not onsnlcuouqlv pllongatea
., Lairge, branczln' gills on median
segments of body " "™ T s s w8 s e SERHIOOES
1) pulps OF 1Ll . . ' o @ % ¥ wls s e ke SPEEEEEE

e 15 palrs of glille I R T SR S L
b LLleg Tlliaform
Gille tdorsal cirrl; longer than dlameter of body
4. " %o 4 pair on mntericr segments:
Pilaments may begin on segment poaterior to
ﬂOUuh anh 12¢ pair mmy be thicker than those
folliowing y
lorm ana;‘y nct over 2% Jcng.
Jommon in Eryzca anodules . . - & 25N DODECACERIA
d4. FPalr of filaments on nearly ewvery
"ngmpui, BB anteriolL ke : ; CIRRATULUS
s ilsm 6 o g s short
’ to diameter of woerm or leseg.
4, a worm, nst short and fat
ey o]
= ln z-2366%ian » .  SGOLOPLOS
# gegment . , . .2 . ROBUSTUS
3 . .3,FRAGILIS
&y
ngneﬂu
oy fan L7z
Wit
ABABRELLA UPALINA
i
it . RN T R AR s o e 7 OO PR 0 S ek ;e o LA
FLYCTRA DIBRAMNCHIATA
L5he

GLYCXRA AMERICAIA.




’ g, Body not divided into digtinct regions.
powsal cirrl as gills arched towaré the mid--line.
b. %Hth segment clongate with row of dceply sct,
gshort, hcavy sct“ e; Gther scgments with

slender sctac on parapodia . o s n s NORE
b, bgh segment not difforent from the Ouhnrs
v (*1.11ie on all scgmecnts . . . 5 ¢ B ow w w MEeY SEILUES
. %11lle absent from pos torior Dortion .« s « «MAONICE VIRIDIS
ad, Body dlvided into 3 reglons., No gilis. Oalor
whitc, throughout most of body. Lumincscent . . CHASTOFTTRUS,

a. No brancshing gllils on ¥ segments bechind

ernbacu_ar filamcnis,

2. @etne on firsi 25 gegmente only.
Parapodin small

Golor BLOGA

b xit o L S . JPOLYGIRRUS
FEE P o et TR LT POLYGIRRUS eximus

o Travspa \rent--white or 1ight orange.
inescent . 5 6 sla 5 % 8 a8 o & POLYULIRBUER BhOSDROI
Cusg
o) o
ENUGPILOBRANCHUS
Lin
s

P‘:‘ G414 xl.(_.;

STama.

*r)n Hcﬁy
 dooks ikc d grdl
norol gotac
ond . . s » TEREBLLLIDZS,
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XIII

a. Peristomlum acctigerous
B. Gollar broadly notched dorsally.
3111, filaments with minute cye snots.
Anterior region of 8 retigerous scg-
menta, Worme smalil. Form enerusting sand-tubcs
PARASABELLA MICROPHTHALNA
b, Collar without dorsal notch
wLﬂliPﬂ operculiim,
#., Worm as usually taken cver
A0 mm., long---up to 75
Zinuous wnlcareous tube . , , . .HYDROIDES
&4, Worm small, about ¥ mm.
long. 9 glill filamecnts.
extrally solled tube.
g, No opersyiumns A nnrrow gilt
present on dorsal slde of Gollar,
Membranecous tube. Frequently found
in Bryzon modele . s 4 . . .PSEUDCPOTAMILLA
ot s Tomi vim )LLTFC G Posterior

o a iy g BPIDYEBLE

tion of worw ;cgbncrqte; wsually
i bask againgi antorior pars,
¥ stomium forme £ disgk-liks ars

R e I Y ' . v
;Ning beyond the prostomd

er s = bl - x bl bl
& LtencacLaos on vernhnE {'L,

< it ‘J\. - e = 3
;oL 8tonmiun

SABRLLARLEA
Sing.Lls
Fugcd



Laboratory directions for study of Bryozoa

study the forms submitted, for the foliowing features;-(Not all
to be found)

1) Heblv of the Zooarium or zolony case,

2) A typicai zooecium, as to orifice shape, spines,

pores, character of cover. etc.
) Presence, position and type of Avicularia and Vibracula,
Cvicelils or Gpecia,

4) Poiyvide aigans;-- tentacless, lophophore. diaphragm. oeso-
phagus, stomeacn, intestine, funiculus. rétractor muscles,
wiilAa, brown body, intertentacular wrgan.

5) Ragenerailiug 2ocias,

6 Look for developing embryes in ovicelis.

DS =

Cﬁ.

Mevalng study: -

T @agiined in Drew, Buguls flabellata
Lhe method of refracticn of tenteclies
I’* varisus .ndividuais. Nets evidences
i LLU 1 satini. Nohe differences in
. ané pcsivion of avieu-
mode of esotivisy cf
Larrag-~Cyphciauses-=of Bugu.la
orf B, warriva, 11T awailatis,.
1 Sy Ne%e the diffsrent habie

i Membanipora sy. fupwalia
gie 8p, Note o¥vilocelis WLsers
Sl for Lezosoma

votlagts af




Characteristics of Phylum, Entoprocta, Calyssozoa or
Comp G208,

Compare with those of Ectoprocta on next sheet.

7. Individual consists of & calyx or head with 7iscera esnclosed
a ¢ontractile stalk., Tentacles not retractiie intc the
coeion .,

IT. Lephophore circular with one row of tentacies., Both mouth and
gims 1aside the westibule,

inward end ve sovered uyv an epistome or
e bese

zera fiil whoie head. or jeiiy
pulied iato iu,

io savity, as @
Tentasles nct

. L=

=18 B8 LL¥E Huwe = oesnphagus v stomachn » siliated
inge

sXual oF hermapiro-
88 greries

Chs Teghum or
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I11.

IV.

Wi

VIIT.

b
Ly

Characteristics of Bryoczoa (Ectoprocte)

Compare with those of “ntoproota on
preceding sheet.

Zooecium stalked or sessile. Tentacles retractile. Stalk
not retractile.

Lophuphore circular or C-shaped. Anus outside the vestibule,

No epistome, but 'some have an operculum or comb-like
membranous ¢over .

Coelom present. Viscera and tentaclies may be drawn in»by
retractor muscle, Coeloms may intercormunicate in colionial
forms

U-shaped digestive tube with caecum off the stomach.
Faniculus holds gut to bottom of zocecium.

Herﬂa}ﬁrodite, Testes usually on the funiculus. Ovaries
sither there or on side wall peritoneum. May fertilize in
QHQZUF or in ovary of fresh water species. Develop to
iarvee 1in Ocecla, ln Soeium, or externally.

No kidneys yet demoastrated. Some noié intertentacular
ulgﬂn is nne. Some say sperm and cve get out through 1t

is probably excretery, "Brown bodies™ may be a means
af excretion,

Nervous system &3 Lu enﬁoprcsﬁs_ wiere demonstrated. Some
thave none yet found. Lateiy a "Colonial herve neh” in

' 21 walls of nemb'auJJb;a and " the Phylactoiaemata
weser forms) hes been found.

No blcod vesszsla; but Blood fluid filis soeiom,

bodies which are either extruded
of the body wall a bud develops
New =&asctum is re.ated ¢
s&s 1t ouT the BRUS. May ve
ting powsra are grea%; Svaito-
, ~ freshwater Torms settle and pass
Tegonerav® ln SPring.

8110

~M.L neesd

ree crgans yeu Tcund.

S 8 water Tums £ erders;i— c¢r 3, according
ama*o Narine foirms with O-shaped lophophore.

Fregh-water forms. T=ghaped

C\ulO¢me<to C;isia and suc¢k forms.
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XEY TO THE BRYOZQ.. OF THE " CODS HOLE RIGION MOST LIKELY TC BE MET.
(.fter Osborn;j -

GLCSSLRY

LDNLTE - attached to substratum at the back and pertly free.

LVICULLRIL - Zooecls mudified tu look like birds® heads, with movable

jaws.  Function urknown :

CALCIFIED- Infiitrated with lime salts, giving frosted white appear=
ance.

ENCRUSTING= Forming a crust of zooecia with the backs of ail attached
e & more or iess brouad surface.

LCHHOYHORE - Ring around the mouth %o whish tentacles are attached.

Q0EGTUM- Zooeécium modified as a hdnod poush,

OOECLOSTONME- Tube leading from the oocenium %o the aperiure.

OFERCULUM= Lip overnanging the moubth or seifice.

PEDUNCLL~ Stalk of a Zooecium.

STOINN- Lonnevtion between the zovoecia of & colony or zooarium,
éyawn out Inte a strend like & root stalk or trailing
wing .

JIBRLOULL - Long more or 1sss flexibis zooesie medified to resemble

or heirs. Funobion unitnown.

IDULL CLSE ENCIOSING THE LIVING INDIVIDU.L OR

.
S0 LS

700EC IUM - THE IV

ke 5GiTE OF ZOOECIA ENCLOSING 4 WHOLE COLONY OF ZOOIDS.
Key: (This does not sover forms not freguenitly found)

1 sphophore not retrastils. Entoprocta.!

E(,‘:-Cpfo: Bta O

Shad qQuB ¢

{ y Larnsomidas. B

o Y

& tudbular and
TOMLTA : ==8,

% . 3ified; end with coecla

uthed O“md CHILCRTOMLTA ¢ =F ¢

1118&, no avicuiaria,

8 L83 zooarlia

fleshy Lobes;

‘ l; Tound mou
m prescnt; zocetls
Ugbh Lru*arLa g

2
cf Z2atas




Bt A
Key to BFryozoa (cont'd)

Joints horny; oesecium pesr-shaped; long tubular radical processes
Crisia eburnea, or others,
Zooarium lobate or branched; adnate or from an incrusting base;
tubuiar, in single series or contiguous. Tubuiipora, or
rarely, Stomatopora.

el
st

[Ea

P P P —
eal
%]

(Fy- Stolongte, witin expansion on stoion where tubuiar zooecia ‘with

( rateral membranous area and terminai orifize) come off.

( Lelea anguina.

(Fo- Not incrusting nor caicified; zooecia fggzgff united; appendages
kv pvedunculate and JOlnteQ =BUgULE ===,

(Fz= Incmsting: calelfied; fronu wali of zooecis depressed, mem-

{ drasous snd partly briaged by 2alceareous shelf; zooesial
F( Dorders Talsed-=w--s-..-w-Membranipcridae or Electrinidael’
(F4~ Nop medf"n pore., dbut orften a amel.l rounded avicularium sco placed;
( ower margli of primary oirlfice with a definite notcin; or

( ﬁsL'H crented, witn sperture guarded vy a projecktion with

( AWiG. on the glde====: -a-b.hLZ(grﬂc inas Hippotholdae. I.
(Fg- Lower mergls i ] < 48 stralght (occasionelly roundedj
( W1 ‘ , ‘shiovgh rgrowsn of secondary margian may

{ simulate & novch; jatem i margins of orifice may bear

( toetti; iviocularlie may he pireseont related © the orifice;

i zovesia ins €] not eresw, '

{ Hippepourinee & Microporellilnae.d.

Jf zoocc;um, ro spine below
W aoaku; zoaccia

ang 5 with
begk of

néd hemlsphericals
numbc* ROTREE

niporidase Llectrinidas in piace of
below.
iy & Fren in, sil memdFancus: nd 008TLA,
{ YL o spines; o 11y slendey erest splnuies:
E Memiranpoe iaoroixll
o= Avsa of Fr - sis 3réin; pcgfora:ed with large
;
I Wfake‘ spires; median

apsent |,
Lpoira monoe techys

K
MBS ren




.
Key to Bryozoa (cont'!d)

(H4~ “pines few (2); ooecium present with small suberect avicularium
{ at forward end. weemesssos-Membranipora unicornis,

(Hs- Spines (13 or more) bent downward over the aperture and flat

( in cross-section; directed strongly forward.
a( ; Callupora craticula.

(Hg~ Spines present only as stout tubercies; calcified lamina well-
( developed haif closing ths ares; strong %eeth projecting
( toward centew --=w=ccceomcn—<<Membranipora tenuis

(iy~ #dnate zooecia more o7 less distinct; wall somewhat cylindrical,
B tiiln and hyaline; no avisularis; zooecia not prolonged et
( Jasu; ueuaity Fowmiug a srust; but often erected in older
i vaies , e s diggyt & hyeslina.

flacaoaef *onu;ﬁ~oas nrust;avicularia
h gpescial pore; primary uriflce

1} ==e==rewsw-==Sshizoporelie sinuosa.

pu% avicularium pclnted, on onse or both

border of aperture; mandible pointing for-

outward; Ovicelil wiitnout spsszlial pors.

uporelia unicornis .
cr’%ga,u ate. not

=nd on one or Huth sldes

res with radiating

_;;g_blqggrta

rium ssnitrally Just®

wioell with pores,

sub=cra.
?aised;

g2 large,
wouBZla an d.
L85lana. or

orali margin
and douu*m; £vicu=~
: itm broader Than
above ﬁk* il lde
it BOrTAa5E-

« p?ﬂﬁq'ﬂna 1 and
of%en broadsr tThan 1o
%o The poaueridar Tound
Y B or nof

goecial pores Lew and Lav"e*'zooaciai
angulas and usu widest postericriy:
alia americana.
enging pointed bump, o
W%A,ux riay ovicells smail
‘?$5n Ly _convax; fL&t with

Gy

ng
ec

'_11".)

gl uh(*c S 8o
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Key to Bryozoa (cont'd) !

Avicularia absent or iarge and not on a rostrum; posterior
bor'der of primary orifice with prominent tooth-like or
shelf--iike projection; orifice rounded posteriorly,
with small usually poinﬁed tooth or none; avicularium
just beiiind orifice; e ubmlttina Lgrlferai

Like the above, but oriflca stIaighter in posterior merging
tooth broader; without avicularium just behind orifice;
with o wit' out iarge pointed aviculerium in addition
CO Smallier OnGHEe—=-—wrme asane: Dmiffina trispinosa.

oy
™

Cq
I N e S —" P — i
qz
~l

¢
In brown gelatinous c¢rust srmed with horny spines; not stoio-
nate; orifice 2=11lpped, é‘th one 1lip movab;e and acting
as cperculum; on Pusus and . ocpnyllam
gstre;la ni spida.
s gelabinous crust w;,nOuf pines;: n ips;: orifice
by inv ‘agination of tentacle sheath) zocarium nos
egnaued with earthy matter; without napt11ae; On
; and big scallops.--al gyon Ldivm mytilii.
or Polyoum
spines and earihy mattar, busl are not

=
=

55
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S
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nows; zooeuia with fialtened ares mere
She regt of Ul® well, covering mos® of

] 5 i in palrs at nodss
wcp of zuosolum.
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LABCRATORY STUDY OF THE MOLLUSCA

tha*“a’ characteristics, habits, etc. of the Amphineura, illus-

ratc by Chaetopleura.

g, snetomy of a Gastropod, Eusyecon

Study hemisected shelis and dissect freshly injected specimens.
Do not draw the shell, Foiiow Drew, jp. 143-152, Fostpone para=-
graph 5; P. 150, until later (see p. 2).

5. Anatomy of a Nudibrench.
Examine sany Nudibrenchs tlat are availabie. Adventage should be

taken of the oprortunity to study these forms as living Nudibranchs
gre not always availeble. Note the following:

Head., MNumber of tentacles. Are they “ratractile? Do they
yossess sheaths? Eyes? Mouth?

Ia there a distinct mantle present? Is the jnthqment
re here hard spicules present? What is the posit tion end
the respiratory organs? Speszial organs may be entirely
respiration 0(01Pjng through the 1ntegrumcnt (1.0, Elysial.
i organ3a may be present in the form of either adaptive
:r uniing a median dorsal anus (i.s. Doris) or rows of
e

cerate which often contaln sxtensions of the 1iver and also nema=
tocysts derived from ingested hydroids. ﬂk“t color 1is the animal%®
Locate the anus and genital srertures if possible.

dth in propertion to lengtl'. "“hen crawling
c‘ﬁuntlv attach themselves to the under sur-
lmh In such cages tThe aetlvitiss of the foos

gs The extent to which the internai organs

0 raries with different individuals and D,LC1OS;

Usual_y the dorssl neart, the liver, dircaiive traszt, the large
a1 et

d

y8t, and possibiy other d'LzLis msy op ob°vrzoﬁ,
ezimens are used this detalled 3
the

S v

S
rlcd on wlth the spetlmeén on a slide and sllb.d¢y iurxbub(d witn
a COovCr "xc" unt one of the cerata on a slide and observe
under i & nematocysts be seen?

Eges in warious stages of develorment may often be found in
the dishes with the animals. If Cumingle are not avallable a de-

o] |

tailed study of these stages 1s advi
for study.

06 demonatrations of types other than the one wused for study.

'lessify the animel used

£, and the formatlon of trochophore
-,i a M WL 1
The ghould be washed clean before piacing in finger
bowlis. VWhen f'*t*l¢u_nL use ocbout 1 drop of sperm suspension for
40 g, of HpO. Drew, p. 141. After fertilizing the eggs may be




\_-z —
mounted in a hanging drop and observed under high rower.

In the sbsence of Cumingia a study of the eggs and larvae of
pudibranch or Crepidula mey be made. The eggs of these forms are
s tu

& . . 3
dy, but the larvae will be satisfac=

aot s sultable for such - =

TV -
QL J «

2 and specisl dissection of the cdontophoral

Follow Drew, p. 150, paragraph 5.

The mamber and arrangement of teeth on the radule is used in the
_ . e

classification of meny of the gastropods. The animal is first killed
by immersing in hot water for a minute or so end is tlen removed from
the 1. The redula sac is removed and boiled gently In 10% KOH
for & skrort time, until the rsduls sac 1s dissolved. <he radula va
*“cn 0 cunted in

dro; of ;iv;crine under the binocular microscop
.

(6]

The following syecimens, if aveilable, make a good series for

~entroat 2

LD b

Ptenoglioss -« Epitonlum.

-
|

38 =9 LIGTHoPINns .
~ Urosaipinx.

&
Gymnoglassa - Melanella.
Taeniogliose

lossa

riossa, has no representatives here.

lace in an aquarium of sea water and obserwve the graduval

g of the foot. How much of the sheli does it finalliy cover?
ggest how the sand collars are formed in which the eggs
the snell and explaln how such an snormous footn
the shell. Does water exude from the foo%
ation? {an you determine how much water is taken

Frequently vellger larvee may be obtalned from the sand collars.
Tf possible sesure one and ~":‘,1C1Y- Later & comparison of The weliger
of Lumingla or a Nudlbranch may be made,

N tim&ilcrmits the following exporiments on the gastropod may
ha pPOPTOrmeHs

hed to the sidcs i
Note the sharacter
Xoamine thin sesctiona
regor from animals veed
gland present in both sexes?

glass piate. Obscrve




4ith & lens the creeping surface of the foot held ugpermost, rour
;c& tcr into the dish until the swr¢uccﬂﬁklm is ;ﬁvc} with the
yentral surface of the foot. Cbscrve tho Iuot with e btnfcular
micr not ing ary ccti cetio of

I s (D
¢) Pseudnlarellibrenchia - recten, Ostrea. (Drew, p. 136)
d) Tulegmelilibranchia - Venus, Mya (Drew, p. 127)
) Septibranchis - No representative here.

In each case particular reference should he made to (1) gross
= T ch slde of the body, fom of gill
te; , shape, reflected or non-reflected,
ist: ¢gence or ebsence of inter-filamentar
S end r junctions. Study the gill filaments
nts living gill end also from stained

1tudles mey be made as time permits.

£
=
4]
i3
o
-
—
el
[®]
=
e
=
-+
0
-
Q
1=
B
n

suspended in sea water determin
f water thru the slphons of Yold
132) Cumingla, or some other av

O

hanism of

Plecss powdered carmin 3108 on the glills of Mytllus, Nym or
gome otrer form. Do the move "nif“iorly or rosteriorly?

10d of

‘ L»\J

- Tq ?
ng procoss’

feedin

whst conclusi
%
-4

lahisl palps

C y end functlon of the foot of Felecypods
1. Byssoge: Mytilus or Modiocius.
a, Follow ations 2 end 4.
be Cut ng expension snd mount in sea water
or. a 8llide. No » Muscular movements; end unicellu-

r rmcous glan spheral

2. Burrowing Foot

e &

c‘__/‘_t,[ ¢ = Yoldla (Drew p. 133j. Note especlaily
1] thoe foo+ of Chootopleurs and the
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Venus, Ensis, Cumingia, etc.
and 3. hlso obssrve the bur-
Venus, and others by placin

Examine the
\:nwu, Ensi
s

is a bys
:

(=4

, Cﬁrofwlly remove one ve_ve of the shell
1 c'vitrﬁ Piace the anima: in e finger bowl
sce ger (NaCl 0.4, Callg 0.005M, MNgClg

e L“d *'We it. TImmedletely after exposure
: emporarily at rest. Open several animals until
isfactory heart 1s obtained. Remove the animal from the Ringer's
ion and place in finger bowl (empty) and observe the
ect of dropping M/2 KC1 on the heart. The rate of the beats
189 Does the heart tend to stop beating in systole or diastole?
dow e2dd M/2 CaClo and nouc the effect. Return the animal to Ringer's
yvution to note recovery.

If kymographs and heart levers are avfiizhle a record of this
grxpreriment may be made,

How does the effesct of these salts on the Pelscypod he
pare with their effeants on the vertebrate heert? For a di

)

s "
55 this experiment see Clarks: “uo“pu &tlJu physiology of the heart";
W Phyaiol. Zool., vols 10, 1937, Dp. RE-140} Motle ibi ]

Can you note any effest of mechanilcal or electHrical stimulation
f the visceral gangilon on the heert rate? =es Oka Ssl. Rep
choku Unlvy fols 44 1988 PPy 1335=143.
11, Anatomy of a Cephalcpod

Ay Stuldy of
Demons treatlon

LAl

f the "ventral” visw of thie opened female
pe removed. In both sexes the dlgsestlve
worked out concurrentiy. After ob-
va shou.d be tled off, sut and re=
16 liver and oesophagus: similarly after

8 thege arpaﬁs muat be carefully removed to ex=

o ~ *

~ected to gain ac
study of the kidne
e

1 . "
nge the.stomegh
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ECHINODERMATA
Directions for Laboratorv Work

Directions in Drew's Menual will be very useful in supplementing the
following directions. N. B. Work here outlined is for 3 days. Use
material to best advantage.

1st day. A. M. Asterias forbesi.

1. External structures. Identify the following: oral and aboral
surfaces, mouth, anus, madreporic plete, ambulaoral grooves,
tube feet, teminal eye-spot, dermal branchiae, spines,
pediceliariae.

fI. Behavior of the animal.

A, DMethod of losomotion.
1) D0 the tube feet act as levers for swing or as rope
ITor pulling the body forward? Study the starfish as
i, proceeds over sand. Watch the movement of the tube
Tee¥, as a starfish traveis in a large crystallizing
dish filled with sea water. Especially note the
muvements in olimbing a vertical piane (side of dish),

2 Dces eaci tuve foot act independently or is there &
uniiied impuise? 18 there an intermediate methcd of
BGELION %

3} Does_any particular rey seem tc go forward and de=
i ™ termine this? ilake three trials
in the following manner. Plek up
Y the starfish by ths disc with the
piass L thumt and first finger or with ell
: Su i e wsn. . B Tour fingers so that the taetils
i % ¢ s goimuii will be equaliy distributed
b k P along the five radii. Using the
ol scheme of noetation shovn in the
5 merginal sketsh, record the arm or
, arms which are anterior during
e progress fgrward., Each table may
e 4 W 8 give a repore of the results which
. ! may be incorporated into the class
' % repurt wihlsh may be pilaced on the

plaskheard 47 time permits,

41 MNMeke weaverer comparative ¢bservavions upon the moves
ment of Artacia and Cphicderme {ecaliled Cphiura in Drew |
you see f£1%, when these forms besome availabie in the
: o - arnl 2nd days op later.

E. Rlghting rssaations.
Do starfish use a particular arm in turning over after
being placed on tae aboral surface? By this is meant
the arm or aims which first become attashed to the
guc=stratum. Make twe trlals and record resuits as 1in
&, Make scompariscons with other types of Echinodermata
by wetening the wignting of Ophicderma and Eclilnarach-

| 3. Place the latter in sand and make observatlons

k during tbe days used in study of Echincderms,
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Feninodermata . L,aooretory Directioryg,Cont.

C. Metholt of respiretion.
1). Tis a Sbijng around oSue arm of a stariish and suspend
it Tor & few moments. Put a hlwde under the tip of
an aim and gat.her an & slide e “rop of coelomis fluid
whiioh w‘&i qu from i%. Examin: it with a high power
for devail gf gellular structures.

#fish which were injecte ¢
7 aAcuUrs previousiy. uarnine
;ﬂjPCbe“ dlrecf$y into the coelomic

£ veu W’ha+ 1s the funotion of
iz tne Tupntion of the dermal

Ly ¢7er the surface

1 bhils surface®

°ﬁomL: fluld to=
seem fi% and wWoi i
in the repory

iscbed starfisn!
: body wall
oTder Lo See
guaral
inbternal
the form

3

tie

By

. fnicderma
s“ﬂr'as atove.
stine and
inveresy.
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Echinodermata. Laboratory Directions, Cont

i). Arbacia and Stiongylocentrctus. 'Meke whatever studies
oF behavic: and external Structures of the living -
Arpacia seem importen®t ©to you. Study the dry test.
The dissectiocn of 1living Artacia or preserved
SCLOugJJJCGHCIOLUS mav ve made on material furnished.
A dried Aristotlie’s Lentern of each svecies will &aido
he avaliavie. Res ord may inciude a general analysis
5T the internal anafomy of Arbagia with brief notes
on Physiology of parts with spead al reference to
Aristogule's Lantern. In the study of this complicated
struc ture, both the dried and the fresh or forma.in-
preserved “anvern in position in the body should he
uasd, Noi ¢litersnces bebween ientern of Arbasis

i S5 FLDO EATITO TUS .

peglolay. L. B & PN
Recora .
W :‘ t 1’

I.&_,

Ly
smal L

a1d o, after evis
r. HNote size and
and which are most
s regeneratlion?

I ( are inier=
5 other tThan

—
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KEY TO 2 HE HHINODERMS COF WOODS HOLE

7. Radii more or less @longated to form a 5-rayed star. Body and
arms not distinctly marked of f from each other, . . STARFISH

(L)  “mall red star with feet in two rows; pedicellariae
waniing; body bright red,; purplie lavender, or yellow,
above, ysllowish beluw; disc smalli, arms long and
cyiinGricai, ., . . . HENRICIA SANGUINOLENTE.

(2) 4Arms 5, biunt, sbout and cylindrical; 4 rows of feet
ner regv¥; spires few and coers2; madreporite bright
OrANge; CoLGT very variabie . greenish black, most
commonly; 3G .shoms ©to shore, , . ASTERIAS FORBESI.

{3} Amme 5 poinued, tuigea neer midd.e, 4 rows tube feet.
1guu EmOon FELICW, SOl usualiy purpls: .
it 4, VULGARIS.

slendsir cylindrical arms, sharply

2 rows of ambulesrel aLfendeges

reporite cn oral surfaos iIn an

2 of ssch arm into gﬁn‘“al bur-

irfane; no pediszeiiariae; spines
BRITTLE OR SERFENT STARS.

ith distinot and regu;ar
L spines on arms emell and
granulated; arm plates

1 plaies bear spines which
Ligs dn eash lntele=<
gmocotli; disc pentag=
short. no s5eles;

Otlaf-off‘m BRETISPTINA.

SDLNS &
rowrnlal;

S5CEL188 ;
oprner 2f the
: ptaclie;

234 URCHINZ

,ines 5 Lid

" 61
tc
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KEY TO THE ECHINODERI.S OF WOODS HOIE.

(2) Circular outline; test rigid; spines solid; periproct
with many plates; more than 3 pairs of pores in
ambulacral plates (4-11); spines slender end fluted;
tubercies not all of same size; crowded; color green;
found north of here, Green Urchin, . . & ¢ & :
STRONGYLCCENTROTUS DROEBACHIENSIS.

{ V. Teat rigid; fistisned to a diss; anus marginal: spines shert
and fine, Sand Deilars, . . . . . ECHINARACHENIUS PARMA.

V. Test raedcuced to hoovks or wanting. Body soft and muscular,
3EL. CUCUMEBFRS .

I (1) fmbuisscwral feel pressnit; 10 branched oral %teritacles;
‘ raal & r a8 Thickly sver the Dody; color duli

blace purple; lerge and opaquse
TARLUA

NE BR

gaaeral feeh; 10«13 plnnate Tentacies; ons

veslcia; calcarecus bodies in ths form of
5 with serrate arms, and psrforatsd plates;
LPENEpe e, « » o 3 o LAFTOSYNAPTA Sk,

A8, with B==7 pairs of sids
10-=30 am. loag; 5=i0 broad;
wih 5h: scmmon 1n sand, :

iNAPTA INHATRENS.

side branches on

S LOong; ©0.0¢ rosy
o 1p gZravel . .

I

s

o=

g
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ARTHROFCDA, 1941

boratory Schedule

First day:
A branchiopod, Artemia salina, /See special sheet).

4 decopod, Homarus Americanus or Cal iinectes sapidus (Refer

to Drew. - Injected specimens for the detail of the cir- |
ruliatory system will be evaiiabie in the afternoon.) F

Demonstration «f parasitis Crustavsa.
Second day:

A comperabive s‘udy of some sommon Malasostraca. (3ee specilal
sneel (2f for suggestions.)

Ixperimertai probiems . ‘ :
Au my 1n Uca f{&ee special sheel (3.
' shanges in Falasemcnetes and Uza.

| Third days

‘ Larwal stages: Nauplius larwa of arvemls {S9e special shee}

Myzis ztage of Homerus fCompare thls wilth
! adult Hezeromysia). .
| Zebe larwa of Polyonys masrocheles ;

yativities of Belurus _
cmy of Lepa®. IRefler Tc Lrew!

i
Fourtn Devs Dredging and study of btow, The %ow will pro- 3
! v1ds material somparative study of :
scme sommor EnSonoetraia)s L

stion, external
srval steges. Refer
8Lip and note the

ariima’ls will be

labelils? drawlings, tabulations
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| LIFE BISTORIES OF REPRESENTATIVE CRUSTACEA
In the %abular outiine below the stage a% which hatching
occurs is indicated by the use of a capital letter or letters,
In csse the organism hetrhes at some point not coinciding with
a definite llsted stage, the letter H i1s used to indicate
hatching point, Symbois fur the several stages follow:
GeesCYPriE mn - - =me uanauo Jus =~ -nauplius 15
H---hatching point my- my pz =protozoéa i
mg--mega inHpa mz - erazr,Bﬂ %--=2088 ‘
!_______.._ D e T .;:,7._.1_,

[ LNTCN’“ TRACA |
CPOds
1aCt " 101

"
e

&ddlb

foa reditep=:

4 ﬂ-’ 8= :...,V.I,,.n, R

'».BI'F &

=aalag Ul
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STAGES IN DEVELOPMENT OF CRUSTACEA

Nauplius Body: Unsegmented
Eyes: Simple, median, x-shaped
Appendages: Three pairs, firs: pair pre-oral. Later
ecome antennules, antennae and mandibles.
Occurrence: Frese swimming stage in large number of
“Enfomostraca, TIn Malacostraca usually passed

within sgg-

Metangupliue Budy: Beginning segmentation in postmandibular region.
il " Eyes Similer to thai of Nsup.ius fsimple,median,
x=sheaped; .
Appendages: s ir Naupiius (three pairs;
OCCuPTBuv »  Pirst larvael form in Apus, winter eggs of
Teptodora, Lusifer, Hippsolyis.

I =
P

Tpris Bor

Mantie folds presen’; ressmb.es Ostracod. Foids
scome naleifiec in adul® {Barnacles;, or enktire

' an¢ abdnminal regions siough off when
sumes para3iszic mods of 1life /Sacculina) .
D“e and 2 2umpound .

srucelss besome organs of adhesion,
6 pelrs swimming feed presana

paratec into cephe.intaoracis and
Former sovereG Hy carapacs;
—egmﬁn+ed ar.l iecks appendages.

& 2 pairs maxi_.lae ana
appeniages .
a2%a, &% free swimming

gl abhdomen.

Gephalothorex, abliomen. Latter distinetly sag-

aompound, #tallked.
33, Tull number nw“awig appendages : Tiramous.
arperdages develwplng
ln mery decaprda. l8%
; - Palinwrus, Adult siage inm
&nd in Euphausis,

“ar al stege in




CRUSTACEA

aspramowitz, A, A, (1937) The comparative physiology of pilgmeniary
responses in the crustacea. J. Exp, Z0o0l., 763 407-422.

Abramowitz, A, A. (1938) On the specificity and related properties
of the crustacean chromatorhorotropic hormone. Biol. Bull. 74:
278-29€

Andrews , E. i, (1883! On the Anatomy of Libinia emarginata. Trans.
Conn. Acad, 6399=121,

Brown, F. &. (i935! (Gontrol of pigment migration within the chroma-
tophores of Palaemonetes wulgaris. Jour. Exper. ZoBl:71, 1-16.

Brown, F. A. (193¢, Humorel controi of crustacean chromatophores
Am, Naptg 732247255,

- St \ 1

Rrown., . a. (1940; The srustacean sinms gland and chromatophore 3

activation, Physlol, Zo0l.13z 343-3554 E
Browi, ¥. A, H. #. 3cudamore (1940, Differentiation of two
principlses from ths crustacear sinus giand. Jour. Geli and

somps Phyaisly 15 {1} 108=119. .

Carison, 5. P, {1936: %Zolor changes in Breshyura Crustacsans, &

sspeglally 1n TUsa pugi¢a,oi“ Kungwg Fysgiongraf. SH11. 6: 1-i8 {

(1919 Life history cf the Biue Crab., Buil.

36:95=128, 'y

2

Tortugas Laboratory. Carnegle é

28, 0%s: 5

L

1d

n ¢f #issves 1n the regenerating i

Vol, 10, pp. 109-156. 1

e

Vni der ncrmonel bLedingte
ungl. Svenaka Veienskaps. Handling.

01 The functlion of the
IGle Jours ExXp. Blol:

grreveld .
L['u ,,ﬂ.'f LD L
18 1Pyl

Heath ., Herols sl devselopment of certain Phyllopods.

ST

the American Lcbater.,

Glant nerve lbers In drustezeans, with
{ambarus eand Falaemonstes, Jour. Comp.

talk hormone and retinal
=184 .

L

s

Elelnholz, & H. (1936} UCrustacean ey2«8
pigment migration Blols Bulls TO=3ib




H, (1938) Studies in the pigmentary system of
a: 7 The unitary versus the multipie hormone hypothesis
rol, Biol, Bull, 75:510-832,

veluf, N, S. R. (1©38) Physiology of the alimentary tract of
Arthropods. Riv. Biol. 24:1-62,

l Meluf, N. &, R. (19838} Physioclogy of excretion among the
arthroLooag Fhysiol: Rew, 18: -

| Maluf, N, 2, R, (1938) Zecrsehions from eshodermali glands of arthro- _
? pods. Quert. Rew, Bioxg 13 (2 :169=195. 3

Haluf, Ns 85 R, 959; The blocd of arthropods. Quars. Rew. ¥

Maluf, N, 8. R, 1939, Physiui o2f %he srthropodan circuletory ;
mechanrisms Your . New York Enh, S5uc.47 (3% 227-286. |

¥orgap, T, H, {1923 whe de erslopment «f asymmetry in the Fiddler ;
Zreb. Amer. 42659 3 ]

industion of symmetrical claws

Morgsn ., ©. H
58:289-295 .
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Seigwick, &. (i888) "A monograph of the species and distribution
of the genus Peripatus, éuiiding“u Quart, Jour. Mic. Secil.
28:431 494,

Vitzou, Alewxandrs-Nicoias (1882 Recherchnes sur la structure e%
ia “ormation des tégumens echez ies Crustac8s d8capodes, Arch.
72001, expér, et géner., 10:451-576,

Warren, H. ¥, (1938) 1Thes wegmental sxzsrefisy glands of artemla salins
prinsipalis J. Morph. €2:263=297.

Livn . War.

Weish, J. H. (1930} The mecheniss of migration of the distal plg-
mert e#ells im Lhe syses of Pelesomonsetss, J. Exp. Zool-
56 1459494

Welsh, J. Ho (1932, The nabure and movement of the reflecting
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The Brine Shrimp, Artemia.

Observe free-swimming shrimps: (1) the movements of the 11 pairs of
foliaceous appendages fbr‘locomotion f cod-gathering and respiration;
(2) the orimntation of the shrimp (a) when swimming (b) when feeding
on the bottom, and (c) when the source of light is benesath the cui-
ture dish; (3) the ruge 2nd antennae of the male which is developed
into a clasping organ Smith, p. 26); !4) the ovisac, just behind

the last pair of swimming appendages on the mature female.

Study a sﬁrT_p with the dissecting and compound scope for structura.
features . hanging drop preparation will show many features but the
slight pressure or a cover glass will be necessary to bring out the
finer detallsj,
Headw {Paskard, p. 560.] t
‘1) Compound eyes (on flexible, unssgmented stalks).
12) Ocellus {a median or Nauplius sye).
i{3; Antennese (Two palwrs/,
!4, Labtrum (large upper iip;.
(5, Mandibies {(one pair’
{67 Maxillary gland {%ypical excretory gland in adult
Entomcztraca and lerval Malacoatraca).
i7; Uesophagus (werticsl Hube from mtuth to atomach,.
(8} 8Stomach ’6¢d5"1av'expansion & alimontary canel in head;
(91 Digestive glands {fwo 41 vertiicula of the stomach in the
Torm of branched tubes, pesked intc the head around
the braini
TL Trvar
4 appenizges :
s 11de of & f~*r«a=eu.*Jﬂ of the trunk to see
ks : iltes ‘medlally directed
DI L on2 is an important fond-
Zat u guathobase, The exites are an
Theye 3 Jower glllesack. TMH-HA; p. 27; rackard
o {The sndnpodits hﬁd axopodite homclogles
(2 hrunk segmenk ’gen*tal segument ;.
form the userus oF oTleas.
2: {Parkard, p, BBE8, fig. ¥
penes or styri. {Packerd, p. 588,
30s *
3§ tronk (13% 18 fused with genltal
(4} Tekatms
{5 «unads Pio b T8 gor:ital segmenh) . ovaries
210 2) ¢ Yastess {Packard ; P« 008,

{Smith,. p-

Trenk; paby of ostla in eech seg-
] Jpe” widelg at posterlor end.
3238 soria anterlorly ‘Paskard,
Rcma&ndev orf bicod system

(67

(7 Tn+‘~'frv istralight tube ventrel %o heart) .
Rex - {very shor%t, at level of telsoni.
(terminalls
{wlth an anal pla%e on each gida of the amis’ .

4 Pottey Inverisebrala .1636! pp, &56-360. Chirce
simller to Artemia.

; 11809} : ILankester‘s Treatiss on Zoclogy: Jrustacea
3, £18831: Phyliopod f7ustacea.
L B0 Cambridge Natural Hlst

:ﬁqergh
Lnan W

Urustacea.
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A COMFARATIVE STUDY OF SOME COMNON MALACOSTRACA
(DIVISICN EUMALACOSTRACA)
Severai common forms are provided. Mske a comparative study
«f the external features and recoré their characteristics in tubular

form, Some of the features which are frequentiy of dlagnostic
value are suggested for special attention.

Toibe order Suborder Cenus
__fiapreliidea  CAPRELL&
_Amphipoda w3
Pargcsnrid :‘ | b T~ Gammaride a  TALORCEESTIA
= Dbt Th s _Jdothenidsa  IDOTHEA

~Nafharnsia PALAEMONETES

T oo fE TN
'-59;.;.;».5,8 _YLJ.L_‘J.N.L:'E“&

s syilndriosls

cenhaloth

ablomern }

Nell-devs

= =MD e T o
or Wil

g3 zhelare; subs=
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AUTCTOMY IN UCA,
71 the claw without pnli:inz on the leg and note the result.

~here any relation between the region of the leg injured and
the speed or frequency of mutotomy?

a cheliped aufwtomized more quickly than a walking 1leg?
a number of appendages of any given specimen are autotomized,

%ill the last ones be cas%u as quickiy as the first in the
series?

there any reiaticn between the type of sthimuilus used and

frequensy cf autoutomy?
eny animals sxhibiit auto the sutting or srushilng
of thes sppendage?

H:
|_J
g
s
i
w
L |

Examine %his snd of the stump whlsh remains after autotomy. A

Stimulate The went: gangila in freshly kllied specimens <o 886
1f ai tomy can B8 induced.
iDissegt or hemigsct for £ he nervous ayatem;
Stimilate ths nerves oI ths eppendage by inserting & fine pln a%
the ininss.
Ferf'o olther pressrved for freshly-
animgl and remove this entire
Td,afe & Large miscle in-
' This is the
5] ﬁendvﬂ and ob-
itotomy .
How 4o yvou eriuel by your pulling opn thls tendon
aompsie 87 by tThe living orustecean
M8 G LE
Pall tp the 8se 1f the bresking-jolint 1s the
WEA LU
+f all toe puarty dlstel to The 1§ are removed by a cut,. caen
aubotomy still be induced? ;
bt Wood and Woods 1932, of Auvtctomy in Decapad :
Crustaceans. Jour, Exp 1

Rosdiay, s 1837 datatomy inm the Brachyuran, Uce rugnax.
Blola Eullqﬁ 75, 1b8=163;
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THE NAUPLIUS LARVA CF THE BRINE SHRIMP, ARTEMIA.

Place s Nauplius larve in a drop of water on a cover-slip ana
study its chsracter:stic swimming (ana feeding) movements.

TI. Add & few lens paper fibers to the drop and cover with a second

cover-=iip., Bobth the ventral and the dorsal surfaces of %the
larva zan now be studied under high magnification.

Your etteatlion is called tu the following features:?
1o .Phe ovel, unsegmentsd body

2, A gingle, median eye.

3 large, rectanguler upper 1in {labrum).
P .
are uniramous. Each is a
unjoeinted aprendage bearing S
: axtremity. Thay serve the iarva
swimming strustures ana wili form
" antennae 1n the aduli.
Lramiag is zomposad of
8 subsonlcal 6XoOpo=
. 6f a regurved,
Lhe prohopodlce.
ing end food
form the secont
Mauaplii. +In
bearing a
Thess are
i1erva bulb
of Ghe sdult.
& yaanphegus . stomach,

orlginate in a




NVERTESRATE ZOOLOGY

Laboratory Study of the Protochordates.

The nature of the records and the number and kind of drawings
ert ‘Lo the djacrefion of the student. Certain drawings are
8% 10 Drew's, iavertebrete Zoology, which may be followed,

amp l.fled or ctiers substituted Tor them. TIf vou have never studied
Amphicxus, some material is available althoush this animal is not
round on uhiis coast.

¥ severa! uRemmEHGh brotochordates will be on
Boinenlia, Appendicularians, ete.

r‘fecards are diue 8t 4 s"sicck on the second daw, These
ag soun a5 possiblie that evening.

A M.

tergphora vividls (Urochsrda), foliowing the direction
age 23 Tn urws scolonial ascidien the greenish,
g 19 i resemuls small Molguliae! ars sonnected by

the kind and amcunt of
tne heart stop teatiag
Is Bhere a difference in
Lowerd the branchial

Pv,* the ticod
€ the heart heaw

Nete tne si
<?g§7 ‘5 .m457

wnat

.n'h.ﬂC

IlC’U.l 3
"turned

o R T s M R
SRe Ul ¥ v 5

nour

the slpihons.

X £ gma.l ameount
ievelopment as far
twe days.
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L.aboratory Study of the Prutochordates.
FIRST DAY - P,M.

a) Examime young and mature cclonies of Botryllus schiosseri.
Directions arz givem in Drew, page 23%. In the mature co.onies note
the arrangement of the zooids of a soiony, their colors and the
movamer; The golonies of trils seml-transparent, compcsite, incrust-
‘ ‘nordats may be fouwnd on wharf piles, stones, algae, etc. Glass
L ¢z have laep immsirsed in Lhe Eel Ponéd for one tc two weeks
Ly will have o “nem gingis individuals and eariy colony
G Tﬁ?gt ar S1-E hy studiea for straciure and aofivitv

ceriial organs HELES the absencéd cr smalil cant of the
Tmnerse wihes 21ide2 in a petri dlanﬁy'34£/L( %4

Inls whigs, 14urust1ug composite tunicate

und - svones, sue., "hat is the surface
gES51lng & small PleceJ determine the

Zeen regarding the structure and

riduals of Amarzusium {Urochzrde)
vrew, pags z4U. These may be seoursd
o8 tunls vertisal %o thes surfage of

R ne mess iave & aish of ses
Ra“w- t¢ a syrasuse dish
. This =zan then te
examinacicn_ 844 ssa weser
ference bsitween TIhis

&lso Lioper-
avaliatie
vransferred

A e ey X 59
sy wiil

o

o R e g g & # A3 o
Wk sEe of Molguls of

zrages oI metamcr-
wi be preparaaé/

icn 1n ths

311 . of the
neart gimilaxy

SECOND DAY - P.M.

gtrbure of &8 living Tellisid gﬁosuas
‘ Jllebbluus in Drew, page 233. TLeavcie
this., 1In some anime.s th? pesterior
jeve beeri broken off. Stained serial
avallable, 1f deslred.
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Laboratory Study of the Protochordates.

b) The remainder of the afternoon should be spent in an
examination of the simpie ascidian. Molgula manhattensis (Urochorda;,
following the directions given in Drew, page 234. Compare the zooid
of Perophore vividis with that of Moigula lor with Ciona, another
sinpje ascidian). Even thoush vou may have studied this animal be-
fore ror %feserved maberlal fresh material possesseg gertgin ad-
vantag

*/Zw(‘(/. f//'/\/b( L& 1("1,4%. /."."}.’ Ol .

6f 1T hcwevex vou feei famiiiar with Molgula (lerndeavor to se-
cure some of the plood oa a siide in sea water and study the types
o cells t¢ be found There are both ameboid and pigmented cells
of several different types whicuh are Quite unlike the blood cells
of VeﬂteTLates _The cells %wrézﬂp and ars active in jsea water. 74 /(4/

:L/ {,{ {7/ & {(14_ _1/;/{ Aée c‘/,{',[,»g,(/;,('*" L g C A ((('-1,, ."(./1 Ce?
»_ d

L,.‘-vut..}/ cv(@/ </4,

A [NeA )u- ?/ Tl ikt & "«!.4./1:/ CLRt Ll (¥

Z



FROTGCHORDATA

Notea.

Leave Botpyllus colonies in fluger bowls for a few hours or over
night . Piealy of vsdpoies wi'l ve found on the bottom of the con-
tainex. Developing cclonies of Botryiius mey be found on glass
slides that have teen migpendad in The Eel Pond for several weeks.

sium sooonles in fresh sea water,
#» the bu Lum of vhe container and ais%

Pick sus Uhe swimming ones snd transfer

; thz bostom of a syracuse dish. Some

isrgn menamurphnosiz. Change the water
nedessairy a% fires or stherwlse the lar-
and hewse will 4Le invisible. After
addsd. The disnes wmay then be piaced

ol #unning sea water, This ob-

Sgueeze lhe firesgl
Tadpoiss will be found

swinmicng

sar e socured in the
* & 4issesting mioroscope,
y the eggs wlthin. The

3 , neodle and the eoggs
Femcre the animeal
anime. romosve Lo
7; and out 1% finely
19 1% e TOPy smal.l
e waner and wask
tadipuiog are formed

GaTE 06
slasting
drod poarvs
owehinel: B )
06 for-

i the ale
ng metamorphosis.




Young individuals, stages in metamorphosis, or young stages
of colony formation of Eero;horar Cione , Amaroucium and Botrylilus
may be easily securec by placing syracuse dishes bottom up in glass
container, i.e. crystalizing dish, in running sea water. Place
pumerous adult individuals or pieces of the zolony of one species
only in each container about one (s three weeks before desired.
When used for study., remove the dishes, wipe the bottom clean, turn
over and fili with abous one-eighth 1nch of sea weter. The indim
vidual® may be found in the bottom of the zyracuse dish,

Thiz simpie uaCLCiah may te easily studied by removing

L nﬂdﬁgfaren, vunic ana placsing the animal in & finger bowl of
134 The vemoval «f the tunic does not injure the animal and

ip Teet, i¥ giver. & auffivient iength of time, it will regenerate a

new uncv Morphological dew ailu, suca as oegepnagus, gonad ducts .
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A Key to the Protochordetes of the Woods Hole Reglon

Entercpneusta (Hemichordata)
Worm-1liks; slender elongated body divided into light yellow
corilcal prohoscis. orange red collar with white ring poster-
io¥ly, orange red Lrunk shading To greenish yellow posteriorly.
B¢Lrows marked by castings on felirly clean sand flats. OCharac-
istls odor resemoliing iodine. Liver sacs absent.
Doilchogiossus Kowalevskyil,

Tunicata (Urochordetal _ _
Simpls snd n,mpound sas=like oylindriza. nbody ?ia most) ine
slogead lg 831 seiluiose. Slinons, large branchia. chamber,

QILLANS | el tached. ‘Tedpole ia*ve: Sea squirts.
I iud iong tall, transperen’,animai can move
1 the volumincus Sunle, teil twisted 90 degrees,
anchial savily. Ytelagic¢, &% some distance Irom
Teil about Hwlege as long as trunk
A:@}QQ&E@?&& songicanda,
_J e
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Tunic hard rough and wrinkleé, brownish or yellowish,
Irvregularly ovate, adhering by one end or by ventral sur-
fasge., small granualr turbecules on and about papillae of
the openings. Often in groups. OSimple. On piles, stones,
etc, Very common.

Styeia partita
Simpla. Similar ko Srysla but only one gonad on right side.
Piank &% birlghi red, smooth aepressed dome-shaped with
expanded margis, On stones;, shells.

Dendrodoa carnea
**myic, Giovose »oay, tough tunis with rcugh surface
(ibious or 1lncrustsd, alppons arise near together and are
;Jhg, livergen’ and retractile., 6 bDranchial folds, stigmata
curesd,. On piiss, shones, seaweed. Very common.

Mslgule manhat vensise
aperftures flush with surface and no%
. eveniy cuated wlih coerse sand ad-
»hures inconsplcuous when slosed. In

L ij,{'u.Lu aremna vé
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