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THE HAwAJk NATURE STUDY PROGRAM

The Havaii Nature Study Program i9 Ba euviromental science educatiaa
program for elementary students comprised, of out-of-door, scCian-orieatad,
problem-salving observations snd iayeeCigatians ebouC the natural aml. man-
made eaviranment of Hawaii.

The Tlsvaii Nature Study Pragtem uses the eethodology aced language of
science. It f ice as a local Ravaiian portion within the larger scope af
any staelatd science curric.ulna. Classroom teachers also use Hawaii Nature
Study activities in conjunctieh with art, musie' social studies, crafts,
and the language arts ta give expression to the hman ~ artistic, sad, cammm-
nicotive aspects of environmental topics.

The goals of the Hawaii Nature Stud,y ptog,ram are to promote la, elepea-
tary childrer awareness, appreciation, knowledge, understending, and va].uitg
of the environment. Great flexibility is provided in that each tapic ls
presented at thtee SANDS ar levels of difficUlty. Teachers are erLcouraged
ta selecC topics and BAND levels appropriate ca their grade or situation,

The printed Toaterkala oE the Hanoi Nature htwiy Pra]eaC consist of:

a PROGRAM NAKJAL, separate?y bound, which eontsias a coaplete descrip-
tion af the program aud its gaals, together viCh sn expleaatfan af the
BAND levels, suggeaCed teachiag strategiee, teaching aids far caanaging
campus and neighborhood investigations, deta analyses, and student
reqortsi

2 ~ TEACHER'$ GUIDES divided by sub!cot ia.to six booka eatfCled PARTS OP
PLANTS; INSECTS; SNaZZ AE'Zmi.S aF mE SCSODZ. ZeImBORHaaD; SOI1. VAIR,
AIR; N!RE PLANTS; AND REEF AND SHDRB,

REEF AND sMQRE

This Teacher'e Guide on REEF AKD SHORE is prepared to give teachers
ideas  er activities and investigations vhich Kindergarten, ta Grade 6 studeats
can pursue in the field aad in the c3.asstpqan-laboratory to learn something. of
the ecp]o8y af Havaiisn shallow wsCer and shoreline areas,

Section l af Chis baak fs devoted to general prece4ures Bad advice
abaft arrangiag field tripe ~ setting up aquaria, ard. other' paints uSeful in
managing etudiee aboliC the reef and the share,

Section 2 is s series af spec.ffic marine topics. Each topic. begias wt4h
those vhich are simple Co dO and require little baC+rauud, Sod progreSSes ta
those vhicb are mare d.ifficult ar require previao.s student expel'lent.e.



Hsvaii Nato.re Study Prospect
Reef and Share

ements arrd quest.Lans which can be given to
are, az modified, selected fram, augmented,
anrL interest 18vel.

7ofarrnatian vhich each tCacher can. uee, raodify, expand span ~ omit, ar uee ta
eoite lnrLivldu81 needs. See the PROGRAM HARUAL for further adv ce on. the
lnlti8tian and managereetrt af laboratory pc'oblems and 68ta, se ieatlfic re.port-
ing, end etodente' tlotebooka,

Before ge.tting. into the investigations an REEF AND SHORE, pilat teachers
4gye found it adviseable ta establieh twa irrrportunt preliminary at I,tudee
with the e r.uderlts. �! Recarise af the fragility of the meritre ecosystem,
stUdents treed speciaL reminders abao t corraerv*tion prantioerr. �! Because af
t.he eetrsitfVity nf students toward life and. death occurrences in n8ture, Stu.�
dents treed a pre?lminary diacueeion about. px'edatoT � prey relatiane.hip and
abn«t high mortality rates amang highly prolific eraritre atrimals.

MAHALD

Numerous persons h~ve R,eneraosly contributed ta the eompikatiatr of this
book, Soya Nakagswa, s ffne arts graduate 8nd Technical Aseistant ta the pro-
ject, has bC+Tl L'he Mr;BF AND SHORE layout artist, f inal-copy ty'piec ~ 8&3 of fice
roanagex', Earbera Culliney, VhO hae 8 MaStere desree fram Scripps Znstitutian
0F Oceanography, hae. develaped field tested, and. written the eectione orr Se8
Anereones, Carals, ani Crabs and Shrimp. Dorothy Buddemeier is an elementary
t.cachet anrL reading specialist wha took on a fifth grade clase in science in
vMch she developed, class teeted, and did the inftiaL weiting of the Oeep
Ocearr tapice, l!orothy also served aa field c.one.ultane to the pilot teachers,
seeistkng them vith the teeting af the draf te.

The pilot teachers have labored through the rough write-ups of REED' hXP
SHORE, tryitrg the ac.tivitiee aa their claeees end give Ag valuab?e feedback to
the project o» tlreir f i»lings, r ontributing ta sn all-day critique seseion ac
the end af the test year vere Yvonne Tome, Sister Joyce Marie, SS-6:., Dorothy
Wr.'ndt, arrd Kathy Chock, along with the 8taff persons rrrentianed above. Further
valuable can.tribuc.iaas have beerr mad,e by YJ8gdalene Carrrbrs ~ Dennis Kewarrraea,
and ares groups of pilot teachers at Xipaps, Wilson, anrL Kamfioikl Schools.

Staff time and eEficfetrcy have been greatly aogrrreted, by the expertise
pen.tie patience af arir fiscal af Eicer, Myrtle Yameda.

In addition ta financial aeeirrrtsnce and services rendered by the Hawaiian
Acaderey af Science, nureeraoe inrLivirLual Academy ecientiets have been gracious
arrd helpful in reading and critiqrlin8; the manuecript.
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Ideas for a Secarl4 Year of REEF AND SHORE Studies,

Idee ill, Have another "f tx'st year." 1f the previous year was epexxt doing
tran.-tank capias, this year set up and leam ta xoeintain a tan'k, Dr,
if the Efrst year vas event daiag rrothing but learniug how Ca maintatxr,
a taak, chexr d.o xroo-tank experioexxts Chic year, ar rip extexxsive fieId
t reps this year.

Idea PZ. 8uil6 arrr the interest axxd liarited expetiear es of Chg first yeat',
If the first year vae sperry simply leurnixrg ta maintain a c.aak, thea
this year se] eat some of the problem~ or experiment ce. invertebrates
rising the r Iase tank.

idea t3. Try rx potpaurrf: Go axr axle field trip; do e ere of the class tank
experixrrerxts; take same naxr-tarxk activitiee, aeler t the easiest parts
 BAND 1! par tiaxre af many dif ferexxt topics.

t Years PF REEF ANP SHORE Stv4ies.Ideas F

7ry axry af the problexrrs and tapirs ixr thea book for which the class
shave. the r. epabilitiea ard. fntezeet. In upper elexoerrtary grades exrcorirage
studexrrs to fatti tete problerrxs of their xxvn, and, d.eaigxr experiments Ca 4r.xraxxer
their ovxr queetians. Work for greater proficiexrcy in txoteboak reporting.

Idea@ for Vetex'aa, REEF AND SHORE Teeelrers and, Classes.

Ixr prixrrary grades, veteran teachez's can contjxrue ta Lot.radur e thefr
yauthf Ul new c.lasses ta eirspler activities exxon care of a taxrk, doixig the
easier observat fone, Frimazy childrezr may xxat get fnta axxy OF the iaveeti-
gat tame. beyond.d, the observ*tian level, They becoae very vxrh.sppy wherr thefr
animals undergo even natural death.

Upper level elementary teachers who have doxre REZP ANO SHORE activities
fax' trna ar mare years axed vhose ixrcoxrrixxg clashes have ha4 ixxtradv.ctory voc'k
vf th tacks axxd simp le erperirrrexxts, will find appropriate eh*1 lenges in the
MCIr 3 problems.. BANO 3 experixoeets aeax J.y alvaye require some bar kgrorjxxd
either ia tank techniques ar experixrrental deeigrr ar bath.

Upper level teachers rrray get tata those experiments rhich require
rrratheraatfcal work such aa deterred nation of perr exxtages af salle.ity ia eever
vatn', eall ulat iprr af hav rrmarry grarss Of Eood inteV,e praducee bav much
weight garn in ~A 1 cia, ?he last eeetioa on Deep ocean offer8 pofate of
departure far getting inta encyst lapedia and library research an topics
beyand those outlfned. in this baak.

Strrdeax:e vha have gattexx thrarjgh meet af the experiments $xr the RZEP AND
SHORE beak r axr xrrpve on ta xLping some Eield voik axi their oLm, findizrg, further
marine orgaoisxrrs to becaae aoquain,ted with, They r.arr ber axrre adept. at tank
maintehaxrr e ae well as at sclera tif fr. experimental ter hxriqrjei axxd reportixrg..
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2. CONSERVATION

Cangervation is defined hy taaet of those profeeeianally engaged in ate
practice as the "vise use" of aur natural resautcea. Tl>e "use" part of the
phrase allows uti]3ratian. af our resources, while the "wisdom" part regu-
la <s. and cantrals their depietien vith an eye  award survival and ueage
f ar the future.

Thig ethic. is carl.a.ostent with modet'o Rcstern mentality vhich see8 caan
ae. Ch» master «nd the etevard of nsture, the power responsible for the
vorEd's pz'aductivity, protec t ion, and ver.l � being.

There are other vicwe. Same Eastern ]!hiloeaphies see nun aa the peer
af a her living things, as a co-behng who should neither harm nor exploit
universe'l ll.fe af which he is a part. We read in &erican Indian literature
that the: "land" fg aur mathez' and we are shaped by her, not vice verse.

Vha ever the phllasaphh cal approach, the practice af caneervat fan
caees down to a few die .a, which cannat be brushed ag1de,

Every livtrrs Chirpy, ae veil as narl-living thing, has a place and func-
tion. in the balance af existence an the surface of thie. planet, vhether
oz' Aat we happen to know what it.8 precise Aiche is ~ Zverytlling ie
cannected with everything else." "Evet'ything affects everything else,"
Dest tuction nf an> spec:dies, uaeleeg and unimportant thangh that. cspecies
may seem to aur igniatance, cail have vive � reachins rcpercugg fans.

Natural reBaurcee are exhaustible, Fapulationa vhich drap belov a
critical threshold ceaee to reproduce and the apeciee p?ummete  nta
ext frrctiorl, Energy teeaurces 0n earth are not renewable. Extinction
af l fving epecl,ee and exhaustion of ann-living resov.tees are natural
processes, Trilobites went extinct befare man appeared on the ec;ene.
Va?Canaee spev nazioue gases intO the air. NevertheleSs the Bpeed vith
vhich man, eepecia?ly 20th century Oran, is destroying ar @Bing up
extant lif e and z'csource8 ie estrerlamical compared ta >!atural pi'aceBse6,

3, Since man is an ho elligent being, he can, if he vill, desis  fram
extinguishing life and exhausting the reea~rtes of the earth. Mao carr
practice conservatian without denying himself 8 full and enJoyable lifE.
His reason for usins resaurces wisely may be: an idealistic. appreciation
af e?'l that netv.re hes and is, ar it cay be a realization that our
taeorrovs vtll be poorer unlesg wiedae regulates ueage of our goade.

Foi' «lementa,ty chfldren engaged  n visiting reef and tide pool areas,
nan~ervation comes dove ta a fev simple pt'acticelit les,

-Da visit the reef ar ahare far study and enJoyment, bet when yov
depart, leave the area the same, ar better, than you f anne it.

� Zf you hum over a tack ta gee what is hidirrg, ~der it, turn the rack
bank agefn when yau are Efnished looking. Mlitt lives under the rack
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+ay de[it'.ci8 Fnl' snr'vive.l nn the kind af micra-habitat aa the Ltn4ezgige,

'Ii you piet up pla»ts a~d en<rr~le far claser viewing, d.i~tvrb aery
I,he few ynLt need t.a laak at. If yau knav a speciale Ie rare, ar if it
eeews ta bc, dc eat diet.orb St a  all, JosC leak,

-IE abservatiaa and it!v '.8  igd ion  'eqvi re deCei> ed ar pral~ge3 ~ very,
a,[$3 i   y air r r: 1 e e e t aok is adeq tlat e, ca 1 1 erat and b ring back ta c. lac e
vhat is needed far etnd.y. When c.he c.lass scLdy 4e Ei~igbed�return.
r he l l;ing epecimene ta the reef whence they cetae.

~l.<.' 1 c-.i 'e t.reed, p«b'filched by the Havaiiari Nalacalagical Saciety,
wee enapased f ar ts ehell callcct Ing tttc.mba rs, Tlute sent.<theo .S er.px esse6
in eh>. c r«d iii~il y eq«ally tn al 1 nLtr reef and share activitiee..

hellers
reed
wild liEe and natural resources

hese island.s have been erttrusted
me for pL oCectioLI, Lad preservation.
ther i wish it Or eat, I must
unt ta the future far my handling
s wealth taday.
lect shells, I wiB dp it coaeerva-
cognizing that de5.tructian ot the
at, by whatever meatI.s, is the true
a and ita creatures
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3. FIELD TRiPs

Defiaitfon end es.

mcacgims Ca the ehoreliae for the purpose of observation and Ntedy
ms@ he brleE errands ta a beach area ta accomplish a specific. tack fallcmed
by immediate return Ca scbool  SHQ'RT FIELD TRIPS!, ax' they may Q half-day
or ail � Ay class events  ca3.3.ed here EXTEÃBED PIl?LD TRIPS!.

Values .

Extea~lve and repeated first-hand field exposures are a peerleae
vehia]e fax build.ing knowledge abooC aad, seosing the beauty af the real
world in trhieh we live. Daring well-plaaaed field trips stud, enCe engage

group action, farm eavirmlzaentdl atCitudes, ap! lect scieatiEic. data on
aseigaed prob J.erne, and ca!ay the artistry af natare.

Last.ing impressiaas anal. life-lang loves ere engendered duYiag field
trips  iacluding field. trips which go by the zLaee of family outings and
cazpiag ou !. As adults, me can recall that mary af oui mast Vivid aid
fruitful lessons stemmed fram early "tealiCy experieaces" as appased to
those whUSe Sole OYig,in vas desc.riptive reading or passive liSt.ending�,

By meme oE field trips, students relate a classroom ectivity to e
1OCal reality; they associate the dl.acueSian COpiC with the aataality of
ocean, shoreline ~ and reef. It craa14 seem mare efficieat sad eacamplicated
foY a teacher ta be provided with specimeas by n field. c.onaaltaat assigned
Ca the special taSV, af pYOVidio8, live speclmeas to classroom teacherS, or
CO have the teacher alone or with a few helperS eOlleOC the necked materials
far class work. But Che goaI here ia the education af the studaats and
tbat goal Ls beat accmaplished when e.tudeata see, fee], and expel ieac.e
j.ivtng apecimetLe in the shareliae habitats af those animals.

A field, trip e.sa be a valuable sociological iearziog experience,
giVing practice ia group planning, group coppeiat ton. ~ trevel ~ eating act,
and public "behsv'ioY + A6I murb aa possible, the students should aheze fa,
preliminary planning and management Of the C Y p as well as ia responsibi-
lities during che exev.reion.. A g.aalu. rale of thumb here, as elsewhere fn
Ceochiag,. Is "Never do aaythinm far the studenCs which they cao da for
themselves." Even small stwieots can asaame small reepacu9ibilitiee ia the
preparatiaa ami conduct of e ta'fp.

Timee and. NumbeYe 0E Field Tr~i s.

Aay tfae of year ia gaod. far a field trip. Academically, the maet
useful time is vben a set aE problems is andes' etudy vhich needs field
data.
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Field trips orgeniaed early in the school year vsually yield greater
!earning benefits Chron thase rfndertakeo far the first time in April ar Nay.

Regarding nvrrrberS af trips per year, it Wavld be ideal Co be able ta
hald all pEFF AND SHORE r lasses one an the reef and aj.on@. the chat'el Ve are
] irrrited by available for ilities, time, casce, Crangportaciaa, anal the sche-
duling and needs af other school evb!er.ts, bu.t we can aspire tv t,aVe students
act as often as pa8sihle, an trips pre-plantled ta be as rich as passible
scientific ~ scroialogfcal, aalu ap8thet.ie experiences. l,

S'hare Field ~Tri s.

ghcrrt Field Trips  aVe a shart time, pet'hape only a double c?ass perlvd,
ar a class fez'Iod. added to a lvnoh period. Short FLeld !'ripe must be care-
f oily p 1;oned ta accompli] sl> eaximvm work in mlcE rrr vrrr ciroe. L'svally they are
devoted ta aisle speeffie obsvrvat lao or collection falloved by iamediate
reCvro to the claesrarJm fOT fallacy up discussian ar handling of the valleGted
Trraterials. A t.emptacian ta be avoided le having a few stvdencg bring in
specimens fot the entire class, a procedure whfch short � eireuits a valuable:
field learning erperienoe far the class. as a whole.

Pre-EteJd. trip.
-Prvpax'P. For tidal paal vbeervatiane. See Tide paal lesson.

Field, < vip.
-Leave for beach area in private cars. Travel time per/ia.ps 15 ta

25 minutes.
-Students gather around previously indicated tide paal8, take nates

an wtiat they see. gulet Observation for perhaps halF an hour.
-Return. ta school iamediately.

Post-field trip.
� [!tgCi~ss in class wl>at was observed. COrrrpare notes. Rrite reports ~

P rP.� f t e E d trip,
-Prepare for sea weed work, Pave materials foe pressing ready in

rlassraom before leaving far field,

Vield Trip,
-l.eave far beach area in c'hartered, bus, Travel time perhaps half aa.
hanr az leeS, poring bve trip play observation game8 suCb as how
many SV.C:h and evch t.ype af Crees are seen an Che very; ar temperatvre
variatians iA gChaol yard, buS, aC. destination y cloud, type8 Seen
dvt1ng trip; etc., etc,

-Collect sea weed in 3imu bags, Each gravp collects its ~ aocard-
ing, tv ics needs and na mare.



Hawaii Hachure Stv.dy Pro!eel
Reef and Share

-Nape places fram vhieh each type wae taken, hov many there were.
See Ses ff'eed lesson for abservaciona ta be made while collecting,.

Past-field trip.
� Lmediate!y upao return, make the first "sea weed eandvich" of

mounted specimens,
-Change ta dry papers and cloths as needad on succeeding days.
-Label and ldeatiiy preeeed epecime~s ~

Example 03, Short Field Ttip t0 the Waikiki Aquarium.

Pre-f ield trip,
-Prepare far visit by considering vhieh dilplay8 OE' cOAducted Cour
vill b» given, attest fan. duriog. time ta be spent ia. the 'Waikiki
Aqoerium.  See Tapic 5 of this sectioh,!

-Call tlie Aq«srium f ar mo88estiaos and arraogements. Nate ref erences
to Aq<iaziLsa in several topics ia thie boak-

Field c,rip.
-Carry aut the plaoe as arranged with the Aquas''Sum,

Past-f ield trip.
-getpzn immediately ta ac.haol. Dieeuae what vas seen and learned.
-Have students make not<book reports arith diagraae,

Example 84. Shart Field Trip on Any Topic  See lessons eh Beeait Grabe, Sea
Aoemanes, anrJ. athez tapicg in Section 2.!

Pre-f 3 e! <1 t.rip.
-Prepare for trip by going pver vith students vhat is ta be daoe ~

abserved, ar collected.

Field t r ip.
-I<avel ta gite. Play "~es" an the vey usia passing roadside

abeervations.

-Nake pf.av.ne4 ahservatiar.a az call.ectians at the site.
-Return ta school quickly.

Poa t- f ie l d t r i p,
-Discuss abservations, callectiane, sndjor carry out experiments on

zaterlalS brought baCk  roe the field.. ~e ~otebaak reports ~

Extended Field T~ri s.

Eaten.ded Field Trips have the advantage of lasting long enough to
allav far both ia,� depth study O  One topic and eXpaaVre ta multiple topics.

ln the science components c f sn Extenders. Field Trip, students can
mme observatians, camplete measurements of f ield situatioae, and conduct
an-site testa. There is time tU sit down together iu the sand or an the
gzasg Sod discuss data. Of ters a seeaad set of data caa be collected in the
efternoan tv give comparison ar contrast to what vas abserved in the morning.

An iarpartant compmeaC O  any 6Xtended F]el' Trip ta the reef and
shore 3 g the par ting giveo ta an aesthetic. ezper f voce af the sea. A def inite
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time for ]ay and appreciation shonj.d, be planned inta every trip, e.m,. 1fs-
teni»g to aced~ soar.d,s, ace.ffing in the sand ~ writing, a poem, aketching a
eceae, making, a d,ri Et woad. boat, etc. This is not free plav Cise. The
artistic. dimeosian needs ta be ski 1!.fully pleoned. Specific ideas arid.
procedures far aesthetic activities are aamgested in Topic 6 ~ entitled,
"Art, Yu.sic, Poetry, zn,d Stories of the Sea "

Fla~nain anted?rc aration.

Pri paration an4 fallow up work far Extended. Field. Tripe, ie the same
as for shorter trips except that sfnce multiple topi ee mnet be prepared
Ear, the preparation time fs j,nng,er, extending, perbepe. to several days or
ev'n weeke on both eider af the tx'ip.

I'he campvaente aE Science, social actionp aesthetics, and other dimeo�
sionB 'Which are part af en &teoded Field Trip may be ax'zsoged fa many
different ~rayS sod wfth diiEferrOC accentS, Canditians vary greatly frai
site ta site, school ta echool, time ta time, The folloviog exarbplee. may
atMolate ideas abant gore posekbtlities.

Seeple A~enda inr Extended Field Eriya.

Ex~pie 41. Extended Field Trip t0 a tide pao3. ax'ea at low t i4e.
>'i eld Wa z'k,

-Obaervat.ion of des i goat ed e toadeat groups around 4esignated. tMe
pavj8 with note taking.  See Tide Foal 1eaean.!

-Graup anrJ. nlese discussion ~ vMle sit ting on beach, of Spryest was
observed.

phyefc,tl measnrements af tidal pool area  temperatures ~ aizee ~
etc,!,

� Wake population cachets on, nerites, periwinkj.cga sod other animals
of the intert f&.l zone, sating hefghte. abave lav tide level.  See
?essao on Aerites aad Perivfnklea. !

- J.unc.h,

� JLuild sand caei. leR ~ sort. an't dif ferent kinds aE sand graioe, make
gand piet,urep.

-'Hit on beach, each per@oh alone vr in smali dfscusgian groups, and
make abc ervat fons on oncoming waves, di rection of ocean currents
near 8hore. Batch manner in which incoming t.ide destroys 6and,
castles.

� Cpbserve 6iifercncee in cloves ove< ocean ahd over land, near
a<ear. horizo>, and over manntafaa ~

-Nate heisht  a< depth! of reef flat and consider geological eras ~
subgictence F CanealidaC.ion d CrOSf an, benches.

Exec le F2. Eatendcd Field Trip on land and Sea Flantr..

Field, work.
-Vbse:rve sharelfrie lend pleats Vhfle going fram parking lat Ca
beach area,  See lesson on Sharelino Landi Plailts.!
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-Ca?lect lfmu, wOrking in Small grarlpe aS deCided. preVious tO trip,
 Bee Sea Weed lessorr.!

-Spread oLlt eqrlipmerrt aa beach arly maunt speCimeae, Prepare f trot
sea weed, sanrlvieh" vith rievspspers and olathsg ta be veighted

vhea retLlrrling to class.

-LLrllch.

lipye ta a less diStu.rbe4 area of beach and laak far crab hales irl

the sarld. Carcoat density af hales, sizes, chase crab6, ~  See
lesson an Cr abs, !

-Gather together far a sea story, ar have etad.erlta make up a story
as they reSt. On the sand, each One addirlg, a r. ev eVerlt iqtO the
f i Ot iarl.

P~~ile h3. Extended F feld Trfp - Any Set oi Topf cs.

-Plaa a varfety of ezperierlceS according W chat the eeaaOrl anrI the
nearegt. 8'hareline has ta offer. IncXude arl aesthetic experiellce fn
the ageada.

The Eailavirlg, check liSts may e66iat Zn the taekS aE getting ready f Or
RMtended. Field Trips.

Check List of FermieSipnS arid Permits,

-Fermiesfan af school principa? or department leader.

-Permiseian Slope CO ga haec far parerltSI sigrlatore  ane stLldent misht
collect and, alphabetize these!.

-Svimmfng permiesiems,

-Fermi.t ft'oe the Dept.rtmerlt Of ParkS and ReCreatiorl Ear LSe af arearl
site.

If the gramp cOrltaina fewer than � pereans ~ nO perm t is aeeded,
If 50 ar mare persarle are ill the groLlp, a permit ie reqaired.
If you sre on Oehu ~ apply ta',

Department of Parks arid Recreation
RanalLlla. ?Rmicfpal Building
650 S. King 8teeet
Rona lu la., H I 96 B13

Yau may a?ea apply et arly Uf the satellite C i ty halls,
I f yaa. are fn Kanai, Havaii, ar Maa.i Caunty, apply ta the Parka
~a Recreatian Deyartmerlte Of tm Se reSpeative Islands,

Seed the fal?Ov<rlg, <rlfarmat<an:

Name of park ta be visited
Dat.e anrI hoare of visit

Namber af pere<ms irl graup
Name of person tn charge

Thiere ig na charge. A permit vi?1 be sent ta you vhich irlclLldeS
regalatiorls about lit ter, camp f f res, arid other items.
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Ltat of Arr~aa eaeata.Check

-Tranepartatian: private tax'. chartered. bus? publf c. transportation?
ccIstB7

-Arrangement S fcfr students vha came late, oi88 tranap fX'tat<on, fat'get
1 un.c.h.

-NotiffcatloO ta neighborly. teachers vhoee cla88 Or ClaSees Cfverlap
with the t.eachcr or vf th the class an the Efeld trfp.

-Coverage aE atnheht duties  JPO, cafeteria, monitor' dot.ie8! of stu-
den 8 vho vill be avay during duty times ~

Liat of Atedeate Preparation.Check

-Clarify the Stifdy prablem s! to bc pursued, during, the Extended. Field
Trip

� gp preliminary dJ.a.cuss! fa ~ read.in@, planning an problem,

-Group students fcfr divfeioa of labor iu  he field,

-Show Nap off area, mark eitee fn which PJifferent groups vill work,

� Prepare blank data sheets  et«dent job!-

� Plan far at 3.east ave aesthetic. experience during  he Joy, e.p.
sketehiag, poems, listening. ta natural 8Ounde, story telling, etc.

Check

� Determine field eq«ipment needed for the tasks  nets, leak bcAXee ~
buckets ~ art supplies, etc. !

� Gather equipment. Divide it into sets far group uee.

-Ave,fgn students ta "ieventary" the equipment for each group vhen
leaving schcfcfl and again when leaving the field. to return to achoa?,

I.ie.t af Other F lynn.ing Items.Che c.k

-Additional chapercvnes ar teacher aides to go along.

-Require appropriate clothing. Na bare feet ar.  ..arel reef. Zorie
strapped to feet vfth strips oE c.loth are acceptable foe p 'iaary
children, @ho clafo they have no eolld footwear,

-iay Oat rules for getting ih O Mat.et', vhen, to what depth. Wading
ta ankle depth aaly ts an appropriate rulc for classee af mall
children ~ even vhen chaperoned�, This ia alea eansisteut vith current
Oepartoeut of Education. regulat ictus.

-~ches: brmrn bag? Cold drircks7 refreshment stand S , cite? caete?
 S udeats might be able to wot''k Out this part af the plqpning. ! Znform
school oaf P tcrieI OE absence aE claes f rom school om giVen day,
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-As a paint pE fnfarIIa[ion, in case af need or accident, find aut which
chaperonee can. ewta ar have life. caving cerciE nstee..

the first aid kit in goad cahditian? Eave one perean re8ponsible
fox' hringing it alang and bringing it back ta echvol afterwards.

� Acre ie the nearrsc phone baath to the site to be vieited?

-Arrange pith arne parent who cae hurry ta I.tie efte fn a private car
in the event that a etude' t beeamee i11 or ie fn an ace.ident.

~Hack � u F lans.

-Have a "P! an 8" ta use in the field. fn esse x'a.in ar LLnforeseen dif fi-
cult fee vipe avt a part af t' he planned program.

-Eave a "Plan C" ta use in c.ase the entire f feld tr p mue.t be cg.ncelled
at che last minute.

TIDE cHARTs

Infoc|Iatfon aa the heighte. af tides is essential far t.he planning af
field trips. AC low tide, inter tidal az'ebs became accessible. The longest
of the law tfdee. at full and dark pl>aeee af the m~on particularly in Spring
are the maet praduetfve aad easiest times for abservfng, and collect fng,
Ãven beech and uppea' ehareline el.udice are dane more easily ac times af law
tide:,

with an appended set of correction ffguree for eetfmsting maximum and oiai-
agm t idee e!.adhere around S.he Islands,

Tide calendare are printed and diect'ihuted free: af charge by tt!e
Dillia ham Ga arac fan, Sax 346B, Honaluln, Kavrai f 96801. The Dil lfnghem
tile calendars ate eaey ca re~d and make: beantifnl wall hangings, 5ecauee
af papular deaand they are disc rib<ted ave t.a z hausehald upon special
cequest, preferably ta chose aha make vie af them,

Tide chw'ts ia black and white replicating che Billinghsm calendar are
printe.d in the caaaChly Sea Grant Newslettex. distributed f ree of charge tv
chase aha aek to be an. the mailing liat. Apply ta the Bee Grant Public.atian
Office, 2540 bile l4ay, Spslding 253, llniversfcy of Havafi, Eana]ulu, Hawaii
96B22.
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5. THE HA1KIKI AQUAR]LIM

The Waikiki Aquarium is a public educational facility af the State af
Hawse[ aperated ader the eegi8 aE the University of Hawaii,

The Waikiki Aquarium began aperatiaa ia 1904. The preamp' building
wae completed and opened ta the public in 1955.

Scale aad sea turtles are kept ant � af � doors in s seal paal vith aader-
ses windmre far aubsurEace vieviag.

Currently 4eeorsting Che interior walls aE the Aqvarium and in ee8,es
in the. Kgriae Sc.ieace Hueeum are exhibite of morals, shells, md other sea
meiosis from Hawaii aad the ?ada Pacific, Other displays an oceanographic
e ub] cc t 8 are being coca t ructed.

The Waikiki Aquarim is located at 2777 Kelakaua Avenue ~ an bus lyrae
02 ar 14. Hpvx'e af public. operation are:

1Q:DO sm to 5;DQ pm, Tuesday thrash Saturday
l;00 pin ta 5..00 ~, Someday

Claeed. aa Roads

School Tours'.

The Waikiki Aquariva offer's gaided tour praprams ta public sod private
schools, Kindergarten through college. Tn assist the teacher in selec;ting
anal preparing Ear a tovr, uariua Tour Booklets have been placed in school
libraries throughout Oahu, Tf your libc'ary does not have these booklets ~
please contact the Aquarium Education Depsrtaenr, and they vill. be mailed to
your library.

Peter island ecboals vtehing ta tour Che Aquaria ehpuld. write r.o make
sn appa$ntaent for any tiae during operating hvvrs ~

Far taux. t face far Oahn schools, appointsenCH may be made at 9:OQ,
10: 00, sad 1 1: OQ sm, Tae sday thraaNh E'riday, throughout Che regula r scb oa 1
year, Book your taur vel? in advance.

Ter Appaintmeat numbers. 923 � 4725 ar 923-9741

Cpntac.t the Educ:ation Staff I,t the Aquarium Ear assistance with any
spec.ial preparatory problems ~

A variety oE live and sCatic exhibiCI, are desigaed to teach and delight
aquariM vieitors, Approzimatcly I,izty tank exhibits coatsio live marine
and freshwater animale. 8any af the tatLke are arranged to depict a ry~~tcsl
ma rihe c.a~uaity.
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When. you reach the: Aqviarum, ia.farm the csetite.r of your arrival. A
Baceot vill greet yav, guiding your group fram tbat paint oo.

The fntradoc ot'y lecCere end tour pri11 take approximaC»3y ane hoor,

Zf yaur cla89 wishes to bring luLlieh, ample grass area surrvuhdS tlute
AquariuSl Compo~ad.

SLrndaed Tour ToTica.

7aurs are availabLe aci the f alluvia@. CLemeriCary tapics and levele -,

l. Kiridergarten to Crude 3 Tapic: Animal Praeeetion ar Aoimial Glv hing.
Progx'am; A "Tavch Basket" talk fallowed by e I.vvr,

2. Grades 4-6 Topics: Animal Platectian  Gr. 4!; Dangeravs Marine Ariilsale
  :r. 5!; Tide Pools  Gr. 6!. Program; A slide tape l»cl.vs  allave4
by a c. av r emphas i sin.g  vp i < c.ari c.ep t e..

Ot.hez' Copies, used mainLy far o14er grad»e, ia.elude; gaudy, Rocky and
C~ral CamourliCiee; Camouflage; Eerioe Aoims1 Casssunicatioo, These
topics can, in some cases' be adjusted far younger groups.

~Secial Tours.

Teachers engaged fn the Havafi NaCvre gtudy Pro]ect who ax'e carrying
out EEZP AHO SHORE prableme an6 aceivieiee will find. special displays at the
Waikiki Aqvarivm which correlate with theit' special needs.. Far example, the
activities with hermit crabs as des@:ribed in. REEP AND StN8F' are complelseriCed
at the Aqisarium by a sod,l.l tank fn which vax'3 vvs species of live hermit
crabs are disap! syed. Check witti the Vaikiki Aquarium  a ccinfirm vbether Ch»
mat'ine tapfc you are currently consldertng has a special display.

If yau are s vdying a special marine tapir wiCh your claes ivy' vMch
tbe llaikiki AqxtariLso da»e no  t>ave a standing»xhibit, tile Pgucatian Depart-

the Aquarivra vill raaperate as far as passible ta give yovx' claes s
special. lrctvre ar demaaetrativrl svited ta your aceds, This requires aL.
lcas t. Eaiir veeks no ic.e,
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6�, ART, %SIC, PaETRY, STDRIES aF THE SDI

Introdactiaa,

An. Extended Field Tr!p ia aae oc.cssian vhlch might ached'.le a e.lice of
time for building. unfargettable memories about the beauty aad mystery af the
ocean. P&aaed., but. free � Eloviag, sallies alaeg the chaw'e give oppaz'tunity
to exult, vith wet feet and «in' � blovn hair, in the sight, sound, smell,
taste, aad "feelings" af the sea.

heather mesne ia. to intraduce an experienCe ia beauty in the claSsraam.
Fram there gtudeata clay be encouraged ta Cake a moment ar an hour ~ aF their
pr ovate time, perhaps dux'ing a Eamily beach picnic ~ ta eit and dream,
wander and vender, to breathe the salt air, Ca listen  a the poundiag vavee.

Some teachers, particalarly elemeatary teachers, are very creative and
sUllful ia thinking, up vays aad meatus af oxpaeiag their etvdeate ta activi-
ties vhich promote appreciation, Folloving are descriptions of 8 fev Meas
wh3,ch teachers have used, Co provide a climate far the contemplative enrich-
ment of their studeats.

The U.S.D.A. Foregt Service |'icture sad Paem Attivit

Mrs. Betty Reawake, laf armatian Of f leer for the U. S,D. A, pareat Service,
haa an ererc.iae ehe includea ie Eield teacher traiaing sessions, She hae
teacliers ga through the exerciee c,hemaeEvee ae. they leam hav it is dane.
Her iastroetiaae. to the teachers ga something, like tMs.

1. Toverd the end of a varking seseion iA the f ield, gather the gtadeate
Cagether col distribute ta each I Rbeet af sturdy paper ~ e.g.. heavy
typing paper or pale-colored caastrnctiaa paper.

ABL 8 tuden.te t 0 "pain.t" 0 pic.t ure, any picture a f their chal ce ~ using
pnEy natvral materiaj.g as media, For example, f lovers may be crvshed
to get colors, grass ar leaves may be rubbed omta paper t.o obtain
greens, saiL ar pieces of ratting lag may yieLd browne ~ Have same
piecee af chercoal ta g.ive Ca students vho "ceo,'t find anything" ta
paint ar dry with.

3. Each student is to vark alone, preferably beyand the eight and sovnd
af any ather student, but vithin the designated camp area, 7he a?ane-
n.esg apens care to sav.ass vhich are atheayige miased,.

The poetry, art, musi .. ~ and literature of the sea merit a fair ahare Of
nature stedy time during vhfch the seeds Of appreciation., lov~ end Joy fn
the aceaa varlrJ. can be embedded in y'Dung atudeats' feelings and imagfaatiana.
Hrigt youoggtere. are quickly respaaeive to aesthetic velvety vhen they are
presented through aa apprapziste stimulus. Ia children, education tavard
<he ~avoriag af beauty vsually profits fram a light strucCVre, within and
through vhich preEerences cuba grow at their ava pace.
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4 Use a whist le t a b ring, C he etc',en t e b ack C p the cairp ce>te> $n eb out
20 minutee or half an hour.

5. Rave the etvdeate aft in a circle on the ground. Plastic garbage
be~, spread out, make gaol "mate" an which Ca ait.

6. Invite the ax'tiete to ahoy their pfccvrea to ane another aud explain
thea if they vieh,

7. Dirae.t the aaeppeitiou af a poem  vithaut explaiainN. that thin ie what
is! as follows:  Pause after each direction far e*rryiug ave. the

iustructiafHi!

-SomeMhere an yav.r picture write THREE hCTIQf MORD5 about your picture

-la, the next line vrite a SH Kl' FHRASE which tells the V~e OR IJSEPIJl
NESS of whet you. have pictured, i.e. faur or five worde aboLIt ite
place iu the ezviraIaaent Dr eziy thaught yau might have about. it

� Nav vrite C5E IPORD which dune up everything yam. have thun far vrittea.

-CaagratLIlatian& I Yau have july cpppose4 8 poem.

8. Students who Miab Cp dp ee may read their poems ta the Eraup.

Haiku.

Children in Hawaii can eneily be intereeted. in writing hairdo.. The
elemeatary children JC Punahgu 8chool vrate haiku verses abaut ecology and
the environment vhicb were used ae apus. public eervice Snnpuncemea .a one
year ou a TV station, The tva Honolulu daily papers saaaetimee publieh
eh i 1 dieu 's hai'ku.

The rulee for haiku

-The firet line hae 5 ayllablee

-The second line baal 7 eyllabiel

-The third live haa 5 syllablee

-Total ~ 17 syllables.

Ferhaye lame af your etudents voLIld. care to try a haiku about n fri-
gate bird waIiug abave the acean, az about vhfte cape breaking. at the edge
af the reef, or abav.t A.re csin clouds ou the horixon.

The number of vorcla may vary, but u8ver the amber of eyllablee. The
words aced not Eel a complete sentence naz. need they rhyme. Haiku does uat
giye explanatiana nor meauiugs. Haiku empt'eeeeI a feeling.. a eaa4, or con.-
veys au impreieion�The hailcu poet preeenta au ab]ect ~ usually af natura ~
arpvp4 vhich he has had an intuitive experience, aml expaaee hie experience
subtly ta hie audience.
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The schoa? lfbrBYy ehelves may yield sama simple poeine abov.t the sea
vhich the Students eLLght en/ay list,ening ta, memorizing, puttinm, a tune ta
8n4 e inging.. "The & l and the Pussy Cat" might b e B at art e Y f o Y the 1 i t t le
childreTl. John Masef feld'a "Sea Pever" eight appeal to the older ones; ai
use vhatever the libr*ry Shelves yield.

Ses Styx'ies.

Catlavlt your echoal librarian for whatever etories about the sea are
available far yauz' gt'ade level. These could be read, to the studenta ia
claee.. OWer etVdente might care ta real them privately and then act out
one or two acenes ae a book Tepart to the class,

Students might make up their am. etorfBB Braun4 a eea theme ae part of
thai.x' English campaeftiaa claae. BtB,Yt them aEf with one entente, Sample
assignjeente might be:

-Vrite e etary BbOut the sea. The last Sentence'.e in the story vill be
upum brake, and there, riding pteudiy at anchar gust beyond the 'Yeef,
was the white ship."

-Bere is a first aeatence to whish to attach a story' ."Six strong
pirate ships x'aced for the island, each maaned, by B lusty crev thirsty
fo< Ag.ten gold."

-4'Yite a etory in which theae Ieatencee are smaewhere included.: "Thie
vas Cetera's firat lang, ewlm away fram her parente. Sever befare had
gee been ant af sight of c.he yod of adult whales."

Ine frationai l4x'itin at Claremmt.

Whea Dr. Zdvin Fhlllips af Pomona Callege in Cl*remant takes hie gradu-
ate botBny students on day-lang fie3.d tripe he includee the aaeignment that
during one-half hour af the day each student walk alone and in silence ajeang
the trees, ec.rase the grassland, Bloop, the beach, ar vherever the Eield trip
ie targeted, steeply ta eaak up the "feel?rig" of whatever is there. They
later exprese their experfea,eeS in pOetry, art, eeeaya, ar f,r Bny way they
chaaee, which they may ar may not share with the rect af the claaa, Thie
ide.a foY graduate studentS C.auld, be bailed davn to element Bey SChaal level
by an imaginative teacher.

SeB Char ties ami 0'ther Sea S.a e..

Song,a abao.t the sea epv14. be learned. by heart in the classroom, then
sung tagethe Y at the beach vith everyman,e eitting on the saad vBtch<np, the
waves break. Smae etudeota might be inspired. ta eatage in free-farm dancing
ta accampany the wind or the wave aetian-

Records a f eea chant iea bligh t be barrawed f ram the 3.library�. Socle
Hawaiian e.ongS hBVe B sea theme.
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Sand.

Beach sand is nfc.e to walk erl,, get bur'led in, pile up into mounds,
build into sand caatEee, dig inta ~ and lie an t.a make a "butterfly." It can
be eifted., sorted, examined, and enjayed,

Mater

Surie:rs try ta catch a vave. Beach walkers eon see LE a vave can catch
them. Waves that break ah a sandy chare run up anta the beacli ln Enemy rip-
plce, becoming the oppaneot in a game of tag

Sea Crafts and Sea 6~afet

The City and County Department vf Parks, Division af Ocean Reczeac.ion,
ho?de elaSSee end wormcehape in vhfch varioVs CraftB are taught both ta
teachers and etudente. Instruc.tione are gavel far such things as knot tying.,
net making, etc eat Kewaiian navigational star chart making, crafting of
paper boats which sail on water ~ making Uf driftwood autrigger canoes, and.
many other ekille.

C18884B ih svimmiag and vater safety far bath be8inners and prpf jei-
ente are sc.heduled, ine?uding adult cJ.asses far thaee vha ~ish ta vork fox'
life saving, rerttficacivne.

Canfer vith yovx' nearest District Park persannel.

Hurale.

A very long eectian of batcher paper etr<'tehcd. aut an the graes on 4
field trip vr an the e?aeezaam flaaT can he made b>to e. mural depict fng tide
pool or beach life. The drzvinge can be done ~1th felt pen, finger paint,
glue far attaching shells, sand, eea veed, and other ab$ecte ~ oz any o her
feasible medium.

* * 1' 1 1

A bibliography aE sang.s, starfeB ~ arid poems abaut the sea has not
been listed in thiS  apic. It can became diEfieult and time Can8vmirlg far
a teacher ta track davn speciFically recvomendi'd pircee, vhereaa those which
are already on the library shelf cw servo gust as veil. If the sehaal
library hae a paucity af eea literature, perh@pe thhB trav?d be rectified at
the next book ordering, BeaBarl with the help af recommended children'a book
liste rhfch all librarians have at their d.ispo8al,
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7 LIDQK BoxEs

A laak box ~ For a youngster trying, to peer into a tide poaj., ie a
device vthieh gives a clear Minnow ta the varl4 beneath the svrfeoe vithaut
interference of railing waves cud surface ripples,

open tap

Science Labarst Iaak Box,

Standard "prafee8 foe.al" laak
boxes usually have a large square
bot tom af plate glass. Sealed to
the glase are Eaur woaden aidei in
the shape af a crunc.ated pyramid.
A small. eq«are at the top ie open
far peering in,

waaden s'il

Tin Cap Laak Box

A goad- f ar-one-time-vsage-m.ly
laak box le a fN can  ar any similar
durable can.tainer!, open st Cop and
bantam. Over the open batten fs
struzc.tied a fil~ of traasparenC
plastic +rap such aa that used fax'
covering. faad dishes, The film ie
held firmly la pl@re by rubber bande
or string. On s Eleld trip. bring.
along a rail af plastic. wrap ta
renew win.daws brakes dvrfeg vark iu
the water,

open tap

eau ar

dut'ab]e ba

string holding

p last j.<

Ci'inaparent plaet f c wrap
covering apeu battam

Refry eratar Dish Leak Box.

A laak box reuseable several
times  untij en+cone cracks it! ie
a transparent plastic refrigeratax'
faad etarasa eantaiuet' ar a plastic.
shoe bax. Buy the king. withaut
ridges vr decoration an the beltcxa.

C.

A iaak box is any apeu mhtaineI' with a transparent bottom, The sides
ak the e.ontainer prevent voter from aloshiag over the top pf the viewtug
w Cn daw.
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Callow J' Look Lm.

Caeatnu'.tion. of e Gallon Jug back Re:

Materi ala,

-%F ~ pLaefia gay, 2 pn' etauhmt or paar cf' a~tv
-Sit~ earkaet, J' tahe gm ctbuut a krasm Lack ~
-Pketia diapaeabLa pe~ rKehre, a4ae lM' I z Zb m Samaj cAh par

krak bae  ace &chat /br rmum ag J.'mAzeoP
cut

Proeeduraa,

llaiai e Iciaaore, back am, and or
eharp blade, cut vary half the tap
af e plaeCic IILLon jug, laaviII
tbe handle aa aboem fa the d,isa~.

8et tba j~ ae try of an open balf
af a p trl diah. Make a ~A Iramd
t.he jug at tba toy rim of the patri
diab. Cur t.he bottoa oat of tbe jug
about 4 tucb belnv or halide the
aaron, oo Chat the hole & th» bottoa
of the jug vill bo ~ Lightly aaallar
tba tjia dich.

clerk

petr
d.iab

Place the balE patri dI.ah iaeWa the
!ng at tbe bottoa. Ra?d it ia place
vitb aye.h4ag or Scotch tape.

Apply rwll baba of aealant nt tbree
ar fmr apote around the edge Co
~ enure the paeit~ of the half p cri
d.LA M Che jui. Let sax for about
an hair aw natty it. becaaaa fire..
Tben reeve Che aaekin3; tapa,

petri 45ah
ia jug

Batik gabe dfah beld, firaly ~ place
at. the three or faux gaia.Ca prevmta
tba diab f~ eavtmi or clipping.
~ aealent ia applied Later. If
the dish ie not held ft~, it alipi
and. aaaara oaalaat ac.mea the face
of tbn 4feh, obemring the clearneaa
of tbe wiadai. braid touching tbe

aaa king tape

ab of sealant

A?cok boa that ia relatively du,rable, ~mpenaive, and away to ccma-
etmet aanataCI of e plaatie Iallcm jog with tba battaI. c.ut out end r balf
patri d,iah eeale5 inta the bole. Ralf tbe Cop fa cut away far ~eiini,
leaving tbe hend;le iat.act for holding.
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vindow with sticky f fngex'8 for the
Seee reason.

gfCh the dim.h beld. firmly by the
dabs o f sealant, lay a z'ibb~ a f
sea } an t all arvund the crack
between the half petri dish
the Jug, bath fneide and Dutaide,
smoothing it inta the crevicesi
Carefully avoid smearing the
vind av.

sealant

sea]ant
6, Allov to cure far 24 to 48 houra-

Plastic disposable petri dishes ~ 150 mm x l5 ma, *re said in ?ots of
1DQ dishes by Van Waters and. Rogers  VWR!, ia laCe of 10 by X-Ray and
Nedf,eal Equi~nt ~ lac, 3160 Ualene St rect, Haaalulu, Hawaii 96819. The
1976 retail price was $20,00 per bax af I.M covered dishes, which cotaee to
lOC per half dich, Tl>e top half af  he dish is cleat and cakes a clear
vindaw in  he bnttam of the look box. The batCol half oE thc dtsh fs acored
in ale-cm squares and pravidee built.-i' quadrate f ar aakfng rough population
cnlJnts ~

Since C]>e petri dishes are enid fa lots Of EQQ per box, ecOnOmy dfC-
tates finding fellow teachers with vhaa ta chare the purchase nf the 2%
halE petri diet~ca. Thfs might be done at teachere' meetings aad workshops ~
or by advertie fag thx'nigh the eleou.ntary Ceachers sect ton of the Havafi
Rcieace Teachers' Association, Not all the petri dia'hes need to be made
into look boxes. Plastic petri diehee make gand insect. cages, email animal
fond dishes, saiiners for potted. p! ante, eartiag boxes for pins and paper
clips, pena far small l>erlait crabs - the uses are almost ea41eae.

1'he idea far canstru 'Conn nf the gallm !ug, look box evolved during
development af Che Hawaii Marine Studies Science Project and the Hawaii
Nature Study Project a$ the Curriculum Research and Development Group,
Un ivere it y o f Hawaii .

s   i 1 l ed wa ter in neo t er
SubetfCutee far Look 5aXeS.

Ap. inflated ianertube, a bicycle
tire, ar any large flaatlag ring nn the
water interrupts suz'faCe waves and
creates a quieecent surface iodide the
cit'ele. Although shia dace not elimi-
nate the effects of refracCinn and.
re ?eCtinn ai light, Che smooth surface
vater cd, be seen through vfth relative
ease

Inflated Inner Tube
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8. SALT 'HATER AQUARIA

Int rodu c t ion.,

Aquarja of dif fezent kinds aerve different purpoaee, ranging from big,
beautif ul, display trike and large, less-beaut awful "working" trike, down ta
temporary gallon-!are ance simple f fat pans.

sld fn making, close-up observe-
provide opportunities for care-

YJany marine related claesrocro
s a lt +ate r aqu ar ium f or eo 1 1 ect-

For more eerioue study, marine aquaria
tiane af reef and, c.ide pool organisms, they
ful atndy of Eeedins, and behavior patterns.
activitiee depend upon the maintenance of a
ing ling terln data-

In the presentation of this topic below, f iltrativn/aeration praceeecs
are diecUBBed first., since the functioning of these systems is basic to the
aeeexbly and operation of a tank. secondly, dif ferent sizes and types of
tanks are described. Final3y, came hints are. listed pn. stocking and main-
t.aining sqvar1a for d.ifferent purposes and different kinde af organfems,

Filtration/Aeration S stems.

Life on land, like life ln the sea, reqvi zen free oxygen and a non-
pollnted, environment in which to live. A good filtratiar,'aeration syetera
in an aquarium takes care of bath oxygen supply and waste disposal. A
nvmbex' of d,ifferen0 filtration/aeration systems can be osed,

� GRVERGRAVEL FZLTERS. Filtration through sand or gravel is the mac t
effeclenC anel the meet fail-cafe gystem to use. An undergravel or
aubaand filter cmsiets of a perforated platfvrm placed, about. a hal 
iach abave the: bvt tora of tl>e tank, gvpporting about a two-inch layer
of coarse end. A water pipe ie located. at one e»d or at each end af
the tank. An aiz'etane fs placed in the bottom of the water pipe. Air
enterins the bottom of the pipe escapes upvax'd, dragging water wf Ch it,
This sets up rat.er circu].ation in. the tank, i.e. water in the tank
filters thraugh the eand into the space bel ow the fit ter plate, flows
aver Co the water pipe, ie lifted up through the pipe by the air flaw
and spills back into th» tank agairl,

 hays,en ia added to the water by bobbling ection at the tvy surface
produced by the rising stream af air hiibbles. The vigor with which
afr enters the airlines and the tank is regulated by <»sezting, ad] vet-
sble valvee, Gang valveg connected into air hoses are usually hung an
the aute Me af a tan'k.

A clasgrooa marine aquarium is e powertul stimulator vf student inter-
est in marine life, Eve if na experimental work is dnne, the mere presence
of a tank works as an edvcg.tive factor. Zn classroams where e marine tank
ie maintained students eood. pragreee f rom look] rig loco the cank to tgkin8.
over its coax'e ~ especiaily after watching their teacher do this. for a while.
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ne

p>p'

i~aye r of caar'» ."�,>ail
t. anc

fiiti r I! late

space bi 1 v filter
]>1»te

1! s'a er drawn dmn through filter.

2! Water E laws over to Ii < pe.

3! h'ater iiEr.ed by air.

~! Water spi l.led back iota tank,

«ste prAv~.ts arr ri.mrIved as  he vet.er ~ fi 1 tered rJovnverd  lira»e,h
thi sand bed, ';"I>e ef-.lc Ie»;.y af  he sand bed depends mi e build-u»
c>f deCOZpn~ ng nIiCraor'FaniSma .ln the in i r~ticeS Oi I!~e Sand, A miX-
t.ure of coarse. encl lesI'-con.roe sand gravid>. s the 'best var  ety at
interst.icos AvaitI fine grainicl sarId which rex. d, i .1 h h
o t ie filt.er tel,ice ar becvIIie densely nompacLi il Nit.ri~y in' bert.i'.ria
and at he caiet r ca eraargarilemS liVe t'ai the iTIic.rat iCeS tI»i? in. a .'ClTII W'hieh
evelaps arao»il eaah sa»cl grain, 'Vhe oreanis~s extis~. ex ract veate pro nets

arId elec.eying ntat.c.er fram live water a..; it fil t r." thtaogh I I>e send,,

A ni'.wlv nanst.revered aqusrJiic with a "i lean" i;~yer
rIr tva t, v hiiild up s 'in'.teriel prIpolatla» in the I
rear hea mexizum f i 1tering e'. iciency Vlxis is L'el
seesaw.iTIg the tank, I'i t t.ing s ' ew he rmi t » rebs or
maiS in e rtcw,-ank adds I~iionie  cIr 1»e! into t lie
in@ the bni 1 d-up ot rri craargani @ms. The i ribs ar»
wl hat.and 'hc.. »rIt. yet. baal;inned  anh r:nndir io»s

af sn»c! needs d ~eek
»t «rst i.ct > he fare

'1 ed conrlit lani:ig or
.",ir ilar t>;irdy ani-

end, [hereby ha' ten.-
/la Y<~y Cnpllsh ta

A eiphirt is se »p betwc.en tank and toIi of an a»teide =aTIi,i'ner. 3o
p arI is iIeeded it  IIe i ont.ainr  ' is inside'. t.he tat>k Either bv s,iphan

le ad lrI t og the oui',tde car.t.aI<~er ar ay tniles in  I;<. inside coatainer'I

� D	 hFR FZLTLR5 ~ OllTSTDE i'I t;1'F&,,"1»etic -a»I;>iners ai I en triarch,«lerI
rectaTIgvl ar can-in Shay» Fit. inc,a,i» trISide -» rner at a',."nk.

<..gainers nIay he haakr'd: o the cut.' Ii!e o=   >a nnk. at,> operate cici,.ll.e

same prk nc.iple.
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var.eL ocvmes inta thr.'  o~~ of the filter box. The water mavr.s. down
through a layer nf <octan vvoJ, nr polyester fiber, l,4e» through a
Layer oE activateJ chireoal. The wooL I il ters, aut grass pa t  i '].ee
The cbartval adsorbs noxivv gases. The Lilt.cx'erJ w'ater at. the battam

the contain '.c en>ters a wat.er p Lpe onrl is prapelEr ri up@«r'rl anil back
inta  he  .ink by air bobble.;

Bef are p JJc leg nev charoaaL i» the f ilt.er, ri<>se t he c'.bar mal tharoogh-
?y in running t.ap v« .er This rrmvv<'s l inc nhareaal dust vhieh other-
wise spLLls inta the tank va er and blac.kms L 

l! Tank wat.ez' goes inta bax
;i» rl f x l te re through
and. «hati r <l.

!
2! Fil ez'e8 voter moves aver

t. a wat e r pipe,t aber
filter

3! Mater pulled uli by
ac. t xva  e rl.
cha rc.oal >'ateI retnrrIeri t.a t ank.

J,et

-hlk STCrNEg AND SPRA.S, eiihhling air in o w«ter introduces f roe oxygen
which alL «»1Irrsla rIeed. Free'. vxygen also partial Lv cleans vater by
oat Ilizing same vas < z;iteri els.

PL«t bing an air stanr l.»;> small tank or g«Lton. far provides « mpoYAYy
lif e support. syc t em This is u' f <'o   ve un t il waste prvdvnra get aheed
of  he 1irrrited capablli t les of an eir stan .,

5« . ery operateri punrps v ch en
air stone r.a» he hung an.  h» side
oF a:.allecting, buck  L' I o keep
air bubb Lf»g through t.h» wet e t
vhile animals. ar» t t's»apor ted
from oceanside ta classroom

An alt Stme hanging in;I bx't»e
shrimp hatch>.'ry keeps young
shrimp "of  ieientiy at r«r. t d, «»rl
qgitsteri for succor safiil growth.

bar. t erg puop
Another way r.v vifx oxygen vi h
va e ' is to spray va er into

Cover@el, 5u.c.ket.
air. This Ls  he piiriEicat ion tar Tea»aport L:ig Animals
system osed .ss one st.r p in .wienie
sevage t reatmunt p 1 srIts. This is
also  be system used in n«t»re +he» water is oxygen« e8 and. purified
by being turnbleJ waar water falls. oL 1'spuds in a river or by breaking
ocean waves
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-AIR FRO,i hN lhhlZR TU5K, An inexpensive, eilent, and e».tfrely edequetr
way ta cere u;i rank fnva ives use af a tire [»cier tube,

lnf1 ate a large 3 nner tubs. vl lI
bicycle primp. Aeter t«>» aquarium
afr hase tv t.he valve ana edgusI
ta nj 1 »v a slaw rc.lease nf air.
Pl ane the inner tribe behfrId vr

under [he c: 1 assraanI aqua x'f iLm vith
ttie afrlinc direr.-c.ed nta the
aquarlu~ f:lter system.

i»

Pau,r  <i sf x hours par cl,iy af
aeration f ram t he foyer t.ube ls
suf f f ci .nc. Zn. f act. the r~'.pean

mcIst aqoerium pumps are ape.rat<8
an a i vrir.3 Iiciaus 2~i-hour ec.hedule
t e eanvenir nri I» ecIe having  v
tuzTL   I'I,c.ll' on Rnd 0 f ~

tu

va

Aerat ion. by i»ruir tribe is the
fnv nL' I clci of Rev. Lc. anarch I'lvi ker,
5 ..l., f ar use I o schools ir th .
carel>nl 1 L s 1 ands,

-CYCLfhC 0F SEA XAYER, Oc'.eanariums;!»d research s t'gtiarIs lncer. e I.
OCearIsMe usually cycle see wvte! in and au  of their inst, itcitianal
t.anke 3t rec:tly f ranI I cne aoean. "hew", elean vc.-ea,n voter is puvpe<l
Inta the te»ks wlxf le en au  let from anv hex' pare af the [;»>k returns
 IIi. "alii» water l v rhe acean,

Sc.t>vol a vf th campuses, ad] accrI  r o the acea» c,I» set up a d l rect cycl-
ing sys  im s<:;>3 ed daw» '. ram the cazor. rc i al madel, I' n l s f »valves sa �
ti>lg vp a see var.ct' holding tank above an aqua,Ic tun arid en averE!m'
tarik be Jaw I I. ~ a?I thr ie l;iioks Lannuc r.e<l liy siphans,

-hl ALLO'Ii' WA'ibR- Ihe lazy eon's way tv aerate water ls +fop ly ta k 'i'.l!
iL exceedingly statal 1av. Sea ve ee rIa dec.per  hen one inch f» a flat
pan hee s»f f f Lien  su c Epee area campo.red ta depth t ci pr avid@ adei!vote
oxyi en exchange'. between the.. miter and the v.tIIiasphere abave f t. Far
shart erlie <%ments, e pvi! oF hardy t i.cLe paal animals »overed by e» t»c'.h
ii  sea vetr r r ao he aafnta,l»e L wfthant a [x' stone ar til c r There are
sari limt rat fans tv  ILte system, '>u~te praducts r;ia huild up ev that
the water mey»eed ta be r '»awed periadlenl ly Alsa, eviparatiDn fr im
I.l»' 'oread surface e]ters selini y few'els, This rzo be canrI i'.reil 'oy
adding tap water ta zai»t e <» the inch d .li h, ar by an@ .� cir twice-
wee~ly renewal wit�'n C.lean sea val e I'



hawaii f hlacicre study Pres] eat
Reef and Share

Ocean water holding  arik-

I-,'. Np:p;oc. rep,ulaC.ing a I ir«
''p [ av L'lr I;>we dria, of
water inta aquarium.

r! Fubsand f iltcr,

c3! Space helm filter plaLe,

' ! ii plron ga:ng tran. bat.t.oo'
at aquac Lu~ t v ova Y; 1 Aw
tank.

F! Clamp co regu ate on EJvw
'pray  o n;belch inflow at
I!!

I!w'er f lax, t.ank,

1 I'I e. e yv, c e m ape r ate s by having
studec.t.s brin+ in bucket vf »ew
oi ean wate! as n.ceded ea keep
the hold i us I, is»k f l 1 1 ed l.aed
sea water fram the bot om  erik
cal' be il I.'l I.'» rcleil or part felly
re-;use~ by pauring it belli Ir~r v
 he  vp  ar k:he water is
aerated hy usirip a f irie spz'ay i» n ovt»p; water fram cank ta tank � al
b! and f!, 1'h ' wa ec ba»feei Ff Jeered through che sand b rJ I'live
<lie "algal» w;>te! going inta the ever.'lac  ank he!im fa in all likelihood
in gova, cvr;Bf l Ii»> ii»cl i nn lie re-iieet hy dumping it back lci[ o rha c.rp
tank along with a snalicr addi L' ii»> o »ewly lira»pl>t in. see water, Th la
r< deci's  he labor of bringing, in a tub 1 quan il,y vf »ew sea water each
t.ime. Tests can be ron t o ice hiiw nf cen "tvrnover" n f new acean wuL' ~'.r'
is »anile<i for the nuwber arid types at aninlala I ci 't tie ra»k.

The adva» ag» vl I his evstem are: Zt. is an c ~ii cl [ve»nil efficient
syaterc, It operates wit hou  rii i.'d uI e 1 ei crt city, p~p, ar ai clan<.>
 whi;h mi.n»s ! I r or~ac rhea energy!, ]3y repuia  I rib I he ia 1 et!outlet

33ll'3B:iiph and Ivw I, I @leg ran lie simu 1 a ted. The s imp lie l I, y v f thi e
syst <'m;c I'3 inc mvrh f lexibili y tor doing vn c I vis', experiments, e. g. the
Iro] diag t.ank cari bv us 'cI bir;in e;> ~ a which can survivr in vs< d 8e i
+at vc.

5 l n<lec!r.e nnn. c.ake pride in  heir i.;n cgy-.;iiv3 oR syaten' whict emoiatoa
rozaerciai svatems,

� PLAINT&! IN RATER, 3 n f resh water aquaria, water plan l ', p ' »y a a ipn if i-
e;<or role in. keeping water vzyg<»atrd 3'la»ts .also supply faad ter
plan+ -est. i;it; f l ~h and ansi la,

:his iz nor. ihe ~.,see with sea weeds in. a mar Iris'. I;.~»k Sea weeds seldom
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"earn. r he[.r keep" aa axygenatars. They d.o srrve as food mat.er?al  vr
g 'azers ia crhich ease they need to be res«pp]%ed into the tank as they
are eaten. Their pr '.senve. pcvv l des hiding p3.aces and campletes the
ling'43 tpc.. Sea weeds are eisa decorat ive in i  JAk 8s lang as they are.
kept pruned oE b.ad bra»c!ies-

~es arid Sizes af Tanks,

The qiLirkest and easiest. way tv avqu.tee a pan<i salt tank 5 a ta buy cine,
t.agether wl h ah.1 neerje4 pares and pump. See any standard laboratory
vqulpmea . cat:alas,, ar visit yaur local pet shap, Rake evx'e t liat  he  .Onk
is eanetructed far salt water, meznfng it roust have na met.al parts in. con-
r. ac t w3 th the sea water.

 ;] n.gqraam spar.e c.an be eanserved by having only onv, or perhaps t wv,
t inks y and re-n e ing t h r. s C 92 I'Lt'v«lt;tlat «t the y ea r, runn iri.g, expe rimen t s in
seel«en@ca one after weather.

Ta reduce costs, a classroom aquatIvw a,ln he tearher and studerit bvilt
f raca used. glass at. -ibant hal F zhe purchase price of a sicailar-sized commer-

t arik.

Vc.ry t»expensive, hut useful, aquaria can bc made by lk»ing a 8 «edy
hax w 1th heavy-duty plastic tvvh as tbe kinet used for shower curtains ar
c. arps

Por shvrt-tr rm experImeilt.c witl> ate or a few small animals, gallon
glass j ars a»d f 1 at pans can be used. Plast ic dishpans wl ll alsv wvtk

Construer l. ivy and m,>3 n.tensor.e af these smaller and hardie-made aquaria
aye detailed be?~.

rf a.

Call<»i Jar aquaria are simp!.e, easy, azd. adel[vate li;sbitate Far small
fish arid sea animals durl»g, a Ee.w clays or weeks during which the animals
ate under study before being retvrned tv the pea

Fwrh group of stndenr s might. mat»tean f ta cwn gallon. par and give
clase attest. J v» t v tt>e saieal u.n.der study.

'Hxe recommended size f ar a salt. wa 8r Q<Iudg'l ufo fez'
15 ta 20 gall v»s, Sm >11e r than. that does nnt allaw f ar
bn]gnre af reef irivertebrates, For more tai'Ik spave ~ m»l
tanks rather than invz'ease the size crf one t.ank, unless
needed f ar specie? purposes. Zn general, t wv 20 � gal 1 aa
marr an]ma]S,l»r] provide mare eeolagical niches than ot>v
Also with two tanks, f f an< becvmcs con t aniingted the cith
usv d.,

a 1 as a room iiae is

variety and gvvd.
ti pl y c.l>e nLLmber <if
a large tank is
tanks c.an hau.le

40-@a 11 ocL ~ q va t 1 um-
er can still be
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A gallon Jar a~[nsrium will snppart.
Dnly vne ar a few smell antwsls eoch as
v»e ar tv' brittle s  Jl's, cir a sTnial 1
sea cur umber, ar a few small tnverte-
bz'~tee. Gallon ]ere are: ~at adequate
far sLuctyin.g rela  f anships among
eeveral k/nds af animals nar far set-
t.ing vp a belanced system�,

3r

f n.e

Far eerat t an, aast p~t shape sell
raimd, f aux'-inch di arne t.er, subsa»4 f il-
ters wIlii.h fit  he battam af a gallan
glass jar, These can be naverr d. by
inch vr twa af coarse sand «x' pebbles
g»d haaked vp La an ex er»al pump, An
«lzernate ta  he e«bsand f ! 1 ter is ta
hang ae sir stan@ inta the bvctasi pert
af the gallvri I sr.

send

A gallv» size tan.k 1s faulted L» chart a<der by th< death af ane an.i-
aiel, ane everf ceding, l ass at @rater by evaparatian, a»d smell ev'e»ts which
cauld be ebsarberJ. and balarice6 af f in a. Large teak. The. eas est cere «L'!<1
core alj, tn small ey.",tems is simply ta discard all the water abelt ance ar
twi~.e a we k, i>r whenever «iirkiness or f a«ling ts evidein , and replace with
e gallan of cleen sc.a water. Refire c.hangl,og the wal.e'x', lel the new water
scend next, tv the gellan ]sr far half an banr sv that batt> the j ebs reileh
apprar.l iiLs ely the 8;>ae tempez'at»re. Ariimal s shauld, not be pin»ged in.t.D
water which varies mare  hm e vr ry i ew degrees fram their previaus ervi-
ranmeitt .

0n deys S< tween. water ct>,mpes be cazefiil nat. ta averf eed.,

]leep gallan ja.t' aqoaria vvt af direr'l eunlight, Sun may quid:key avcr-
hest a ge lian i>f water. Generally speaking, dl z er:t sutilight ie nat b68e-
ficlal;!nd saniet inc< herrifol, to sea animals.

Cl>ellaw Pace»Tanks".

Very snia11 tide pval animals.  sn, be adequately maLL>t.wined tar e shart
time  » f ew ver ks! in. ehellvw, nan-metal pane such Je e pleat lr shoe bax,
planet te dish p;>n, a . 'lat g3.ass baking dish, a Erat parce J.aim-eaated pin.

Shal.low. pan ta»ke have ma»y precticd'3 .md varied»ees. Hermit crabs,
c'n5 tans, t.iny ~crine warine, and a he r very anal'. tide paa] animals svrvive
nicely ln these slial lnw "tanks " Sevr raJ pans nay be maintained araond. tlute
clvesraam tv ~irovide var / ety and max3muro abee: 'vgtiansl a~~prrtunities At
the arid nf the ex~ieriment af er a week v ' several preeks, retor» the arise]s
 v the t.ide pvo3 ar ac@a» See tap / es later I» this baak far expert inents
«sirig, 8!inl leis pan t anzs.

'Shillav wa er in. a .'J,at pan rr ceives enaugti oxygen trani the expasecl
ggrface tv keep frDm f ailing, Na filter ar a3 r stoic Ls needed. '0>e battani
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of thr. pa» may be covered by a thiii la! er of sand ar tid~e pvvl .;- lt
whl eh tiny marine warms nray tunnel . 'Hone aquerir;ts c i 1t the pm sa thet
the upper end, of the flat battosr ie n .a,rly out of vater while tt>e Love:r
end has about Q inch of sand ar silt cmrered by oboist one inch af sea watt:r,

plaet ic pao

vi sea

black reisinp,
one end. of pan.

thin bvtr.ocr

l.eyer o f si 1 t

goails tend to crawl over the tap edp,e af the pa» To keep them can-
fiaed, smear a be& of petroleum jelly aravodl the tarp edge, or cover I.tie
pro vi th a piece of scrr. ening, or s l ip the eritire pan I ore! s nylon stacking,

Wedin PUv t, Tanks.

Arl apvarium af heroic prvper'cioos can be made by l»f latino' a child' s
plastic veding pvvl vf eever>3 feet diam. I. 'r coal installing it on r.h<'.
cleesraam lgo a It can br fille<1 v th see vatcr to ber @iree a replica of e
tide paal, a port,iarL <>f reef f let, ar a  vrr.le pond.

4ledirig poal coriks are sufficianr.ly ebs'liow not ea require spar ill
aerativ» brit must be watched fan biiildop af excessive sa] lofty. Crabs with
olive big enough r.a pierce the plastic sheering rsay need to be «Llminarad

Pl,istic 1.fried Bax A uaz'lyre.."

This is e money ea.ver for clessroame tidv3 og a l anei, e ehadr d autdvvr
area, ar an lodvor area which is. ez<-.eptionally bright. S lore the sides in

~Adapted fram the high schaoi Mar toe Rcieoce Course devr Lvpecl; at the
Curry rvJiim Research end. &'velnpment Group, Univ  retry of Havaii.

The predozinanl d/E  r.islty with she31aw paL> "tv»ksv is rapid evapara-
t.ion of voter from the surface arid the consequent build-up a  si~lioity. To
offset thie, mark c.hc'. <lepth af sea veter an [lie side vhen first sr t.hing lip
the pae. Add tep meter ~dail le keep the metet ttp te the marked level.
Al though irroe  tide pool anirsals cari taleratr wide Eluetvat'foal 4o sal. ini cy,
weekend desiccation sray exceed. i.tieiz' 11irrl cs Over weekerids ar holidays
place a piece: af gl.~os or a baerd over the tap af the pan io x'er.ard ev~pozn-
c Jar, Trave a small slit opening aK an& oz b<ith ends for oxygen exchange.
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8 i ~~pzpg ~ape:p Sgop <oz gV i'y, r~-sr; gq+~
-A~ a'.fr~.:t-.iVe f; cr .;dhncrzv.' bA ~'s a dMkrt c'N C r." ':.Ve,'>.rre3

l ' ' 'ODd 8C'pcm4.'.J! bn7.c.ci .'.Og.=.+he" ' D . akc' c' hnr. v.' <lcd".'~ '.d ~ ."6
A vf'I.ec'.; .'� A.er�'>y p '.~~: .' ~ n.=>. a.o a s!imper r.uz .~Sr, p ~a:.t. ";,. ~b 'e
rrUe r~ Dr,-.rt:au?. 'n axe "g, -;6»' ere +r;.rate'.Z',<xm'. ' w2'p.

-Ar,' ~t.,car.a~"�'!>= Cc: p.'.684".',r. s!.equi".'r a r." .'~do evz~" <T' urbe&,'.A8s
gF L.RB ' YJP,p'P s~'fd'gp g+ 2 $"�,7fjt ii~2' QCI'L

-D8 '.G~'0& ' 8 8",3 f;8 m.: ' 8 ~G!' . u ~s -, c.';. i,J" 8 1'8=
r'' '+.-rl smD v'.3 f 'i,fez, q ~.,ame1: J'~�.,er ar gr. c'a~P,". 'r. ~:..'i?'

-A" r!.iwez, val<.e, r~~u
-i.nc  se .mJ

ycoreduros us fn~Cardboard Bar.

Obtains 8 sobsta<l  ie! cerdba;<rd
bvx. Use flat, lauaithsir web-
bing, Sr.rapping t ape, ar x' ape
ta reinfarre the sides. Place
ane sr.rap aver I.t~e tap tv te-
e,t.rain th» ]nap, side r t the ban.
fram b i i 1 g ing,

5 t rclp B.~advs"
open

Zf the bax is wel 1 reinfat'red.,
eve.ll winrJvws may be eight in u
the sides.

If   ra»sparr.n  plastic le ta be
vied, paling  the inn''.r snr f ace
whi.te ar line the bax ~J Lh white
or 1igh  calared ~io.per sa as ta
ref lect as munch light ae passib J.c

PJa»e plast lc. sheeting in the bvx.
Carcfokiy fald  he sheetLLip inta
I:tie eaTILcc8 RA thol  t' he bclx Is at
the st>e et ing, >- I 11 sup pa r   the
we/ght af the vent.er, Make suri'.
a3.1 egges af  he palest ic reach
up ta thw t.vp edge af the bax.

Pl+st l r sheet in!, f aided snoop,ly i cLt.r,
caz'»ers wi h all cdge8 ext.vnvCnp, up
aver  vp

this type nf equd, 'CLLm err opaque, t.he entrance nf light. is limit.ad  v the
upper siixEacr, PLast fc 1tned bax reverie a,x'8 more succese foal if kept |av
 z»der 10 J nnbee! iix caanperisrzx ta wf dili end le.ngt:h ~ This. 0.11ovs light ta
1 f if oee thraug,havt the   1»k end ale,e reduces presser<'. em the si,rJ.es n f the
bvx.
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~chvc  .he plastic shee i rg
s.t'ound t.he t.ap edge of the bax
with maz'e st.rapping tape vz'
ao.y secure rrr  t.!lvd,

Deccrat» the outside by pafnt-
j.og, roverirlg wit.t> paper, ar
vith calarr.d plastic.

Install th» EiJter ~ airlines,
arrd pvmp IE a snbsand ff.'}ter
is used, make: g«re its sharp
cvz»e re are s ituat.cd sv tlirt
they will rl a l b v re a h a le
t ti  noah the p3,ast ic,

}'}.ae.e the bax in ir.s f fry,l]
pasitiDn an a sl x'vugg, flat
r'upporting. sorf ace bctar .
puttinp Lrl L'.>e "eo. water.

Firiished and, de orated aquariurrr

Tn placing rv  ks or sharp aaj   c � I he tani r rILrn  lllber chat plaet Lc ia»
be pL< cecil arid vill t.hr.n lc.«k Keep racks anil raral a@ay Erma the
sides.

I f a Zeal vccucs, take everythlrlg «porc, dry vut  he plastic sh»»t,
and. Illerld che hale vit.h p!.an't ir: mender ar»~u!ry resin,

Praceduree «kiri a WaDden Evx

Sandpaper the Lrls i de af the bax, Cv over the entire ioe3rte r arefully
tc make»e 't;<in there arr nv  'v«ph areas ar bumps vhioh cauld work v.
Sale intc the piss r. f. r sheeting vh»n r.lie wr ter press»s agai net the
inside

C;ut. m>e: or c.are small windvw's in t.he sid» oi the bax, if desi red, a.rid
sandpaper th» «dges to smoathn»ss,

Paint the ius Ldr. of the bax vhit  vr' < l ight cvlvr < E transparent
plas  i c sheeting, La ta b ' «hei!

$e ore a vaoden erat,», vr' lllake ane using plywood ar ath»r smvoth
b»r, Keep ill raind that light w3 l '} be able ta eo er only f ra rr the t 0p,
sr. a lav bax is b '.c e ' than a tall vrr ' Me shape at the box may a3.ea
be de  'rmi nepal hy the e izc arid 'llape af an unde cga I vel filter, if t 4;lt
is vhat wilZ be use.d A very lang, wide, shallaw bax  .-a» he corlstrur t-
ed es a Deco' of petting maximvrir e«r face tar a,ir ~and light ae welL
ample f laar expanse l or i'.ra -1irip an Lm-il<-
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6. Anchor the plastic sheeting araonJ  he t'op e~lge nf the hex, anchoring
it firtaly and»eJ ly wit.h strapping tape or by any suitable method,

7. Paint ar dccvrate  tie ovtsicte cf the box as desired.

H. Insta?.1 the El i et, JLrlfves, picmp, and caarse sand.

9. Place the aquarium in i s germane»t position nn a well supported flat
&ex'l ac:e Add sea water.

An alt@ma ive Co lan np, the wcoden bax with plastic sheeting
fin[ah  he szacith fn~ide surface wiLh tva coats af fiberglass,  vllavlng
the fnetruet.i<ms on the f Lbergiass  Oo Since fiberglass is Lraneparent,
t.he inside af the hay. might be painted vhft.r ar a lig/i  cvlve ar decorated
vi th picueres before caating v I  li f ibez'g,less

Hev t< ~lee ye»iarfLLm fram Used Glass,

The knvE'ce n f the f al loving inst.rect Lans ls Mz Rnawl J Fief@? vhaae
generaaity in working wl h  eschel"s has braupht marine life inc.o man>
class rc Tms,

Mater ized R

-"se ~: ' "6 .!.ma;%., +n aper,'i.r .. sizes  see 58'~, 9d 80u~p8 CÃcl
mgpg~c'r ~s'J

-CTem' 8d.QPt  PgC hakes ~.rr +@pe md md';, r
-r'd'a8~inq ~r~ r Ko d g~~r, ~'~ pub~'.~~',.»«nC"' ~ ~n;.'re +

~  Q lg g ppJ".gpP. gzor. s � a e rz l m,~ Km  ,' .'aa 8
-i'A.drrpnzde~ 4r 0'be'.8 ~ <8' 7' CT 8yR~P~
-Cem~e ' azr,J aZ' ' mme'.
- P~, a-'r ~ vie, O~  ve'. ~

I:qed plate @lese, vhich ls j. 'ss expevgive than. new glass, are panes
that have berm salvaged free building dest.rect.ion, Tv vb ate isqed
�nsiil t the yellav pages vf I. tie > c.'I ephnne directnry, e. g. Poller-O'Bric'n
and othe.re. 1'Ur a N � pal lan tank, use plat.c glass which is v  least

 ~eh thwack.

5. Place plas�,c.- sheeting, in the bax, carefully Eo3.ding l  snugly ih  v
al] c:nrnera sa the box and. no  Lhe: sheeting vi11 eopporc the weight ai
the wat 'r,
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Clear sealant is a plastic silicone product 8Oid under variOus trade
natles such aS Si?aetic ~ or Silicone Seal. A large  l2-O~! tube is needed
Eor a 20-gallon tank. F last.ic aealant8 form exceedingly strong J oints st
e.dges and corn.era af glass. A ribbom ar bead of unifatta aid.th can be mate
easily extruded LE the tube is inserted into a caulking gun. A p! uoger ie
ad.vanced by hand, puehing out sealant ia a 8teady viscous flow c.

on p L.unge rone-way

Bun crisp oz t ube

scale Laper

Dl SPENSER GUN FOR SEALANT

Prvcedures.

Design the tank.

Ao important consirJerat fan fn construction. design ie the si ze of the
uadergravel filter plates ~ Since several types are available, it ie
wiee tU purchaae 8 filter System whiCh gives Cbe deeired bottom area ~
and thea desi go the tank around ite. measuremente.

Also to be kept ir miv6 fa that a column of water 18 inches hagi~
exerts a tremendous amount af pressure on glase walls. A tank taller
tl~en 1B inches Toay be eubgec.t to suffic.ieot farce ta Meaken or break
the sea.l of QiaCh plate glass.

Calculate measurements aE tank parte and atv3er glase.2.

The fallawing meaeuremente and diagrams shaw the cs?culatioae iavolVed
ia Planning a 20-gallOV tank, lee type, 8S aa. example af ha+ any simi-
lar tank eight be ccrnstructe4.



liawaii Nature 5t;v8y Pro!erat
Reef md. ~hare

34

5 Lpppse that tva f fleer plates fitted together have the overall dimch-
sicms of 29" x 13..5". Thr. 8imeeeiane af the gl888 heeded Ecl canR.true-
tiva vol.l be:

5ot.tag Piece: 30, 5" le<8;  ta accaraoodate 2.9" length af filter plates
plus 4" thickaeee pf twa end pieceg. plus oaving ~pace!.

12.5" wide  to ace~ate 11.5" vidth af filter ply
t'hickness af twa sf de piecee plus mavin@ apace!

Tva End Pieces; 12.5" vie aalu lk" l>igh.

Wa Side Pieces.' 30" '! aug.  ta Eit between the tva code! and l4" h3 gl>,

Tv<i Tag Braces  ape l.ace.1! . 2" wide aha 12 ~ 5" lang.

'TOP BRACE

wid  '
IOF BRACE

?" 'g I de

j s

GLASS COMPQNENTs 0F 20-GALLON TANK

finished inside m .aalu 'emeute af the abave teak are 30" x 12" k 14"
high. By filli  g the ta~k to a depth aE 13", the wdte ' capacity
b ecaraeS:

3P" x 12" x i3" 20 3 ~]]
Z3l
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Constr''vent the taok, Bottam piece

Grvex' e sti~rdy work beach with
butcher ar nevspaper.

T&pe

P]ace battam p eee oF p.3.&as near
th» edges nf the cav»red c.able

Table

Bottom. piece: o~ g. c:overed tabEePut seve t'al lang strips af masking,
cape oo the bo t~ af the glaae. ea
that th»y hans over an ao.e cad, and
one g ide.

End pi»Pot dvtm o ribbao af scale.r on the
end edpe of  lie bottom plate.

5o   olh

pie»»Join  he edge oE the end piece Co
t1le battam pi»ce awe] have a helper
hald th» in' piec.e in place.

Jaining end and bvtl.em pieces

Put seaket' on the lateral edge aa the battam piece and vp the side af
tile end piece aa 81lovn belov.

ape

eal»t

a tom

'[ape

Side L'iew - Seal fDr Latoz'al piecesTap Vfev � Sealer far laterals

Jofn lateral pieces t.c  lie bottom and end pieces, Have anather helpers
ha le this second pie c.e in place  see b claw!,

I.;i ter al

Bat t.an

Ba  [oem

Side vfcw af thz'ee Jofned piecesTap view oF three jained ptee.es
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Hav» helps.za hald pletes steady end ia a 90 vertical pasitian far
five mfnutee ar v>lt il Beni er "ekins."

Now tape can be 6rought up ta hah.d three pieces af glass. in poe.icioo,

Let the glass ee  Caz' 24 hoorR.

After setting, excess sealer car be cleaned aff with a taxer blade,

Pvr masking'. tape an the bat toel piece along the un]Dixxed «dg«e, and
repeat th» ELz'8C day's pracesa vxxtil the: ocher em' aid.ee are in
pl ace. Let set f cr 24 hours, thea reclearx.

The braces should b«as long as
the width of yovr aquarfum. The
braces are sealed ta the edgeB
af the top of the aquarium ta
pr»vide additional strength,

SealerPRF,ChllTTON. Hake sure the
braces are noc so wMe as ta

i n ter fere with p 1 acf xxg Lhe:
undergrave3. f ilter pl ates ar
svch f terna as caral heads,
etc. fxx thc aquarium+

Tap View - Sealer far brace

In th« case of very l.ong
iqvsrl.a., additional braces
mey be put across t.he mid lie
mJk3 rig s iir e ap enings are
left ta accaazaodate Cqulp-
m«nt a»cl Specimens.

race

pen lng nee r end
tank far haec

l.e  tlute ft»ished aquariura set
far sevexx days fvr apt trim
binding af sealer and glass.
The ffnal cl«an-np can be
daxxe, th« aqnarLum casters. far
leaks, and if all fs w«il,
th» filter plates, gravel,
airline, and eater can be:
added,

4d II E   lnli

Tap View � Placement  oE brace

~Obiainin Ses Rater.

The mast abvfous aavrce of sea crater ie the acean which le within, eaey
trav~lfng dJ.sLanee of every school fxx the State of Kavaii. Rhea collecting
sea Mat.er ~ abtaio it fram as fax' away fram the share ae passible because of
sharelfne dilutiail fram fresh water rua-aff fram  he leod as veil as paseible
BilC CO»tent ar other pailutantS.
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Nuch of the bacterial end other mirrasc.op<a 1Efe. found in surface sea
voter cart be eliminated by keepiag the collected water in the dark ar cov
ered wfeh a dark cloth for a few days before putting the water iota the
il Qua r le,

Schools on Oahu can abeein. steri?e see voter [rom the Vaikiki Aqverium
dur En' workfrig hours. Ask at the entrance desk fram which yov vill be
directed to r.he back where the veter ia diRper @ed free: vf cha~. Bring
your ovn containers. Waikfki hqvBrium wet.er is pumpecf fram a c'hsmber deep
is> the reef below the level ot life, light, arid oxyge» ge»e rat Eon,

Az'l. if fcfal sea water can be made hy buying. bBge of or can water eelte
and following the directives on the package far mfxing with tap water.

Seackin and Haintainfn a Marine AIQ+arfilfh

Classroom aquaria in Hawaii are usvB] ly 8tvcked by cat.chfng, animals by
lian d ih J. OCB J. t E d.al p oa j. e or re ef areas . The ouse r ea d t y pes of animals
in the tank chen@.es aa strident.8 E list new animals or as. t.he class bee.oraea
i~eereSted ie ccats BatmB3.s oz' experimeate. to try out.

guestiooe often aeEre: concernfng which kinds and haw many animals can
occupy the same tank at the awe t me. Some aquariste estimate that the
c.erryf»g capacity o  a marine tank fe approximately three inc'hes Df fish
per square foot of filter bed. Invet'tebrBtes are usvally mare flexfble in
their needs t!t', hrthur Reed has developed his nwn r»3e vhfclL teachers in
Hawaii have came to call Reed'8 haz, Zt is;

IF IT LIVER, KEEP 17 EF ET OLEIC,, THROW IT OUT.

This ie complemented by e aec~rJ le@ which states:

IF ZT ADTUSTH TO 97KER ANEMALS ZN THE TANK, LET IT BE.

ZF ZT DESTROYS OTHER ANTNAl S OR ChUSE5 DISRUPTZON, TAKE IT BACK TO
TllK OCEAN,

Guided by these two varkiog t'vias, teachers and students can ga ehe~d
and try es inhab tB»tS Of the cfassroam tank whatever they fl»rJ ln. tide
pools ar rer f flats. There are same basic h fat.s, however, which cari pre-
c l»de the worst errOrS ia thEe tz'ial and error learnfrig, meehM 'They Bra.
listed, br law, the more important ones ia c.ep3 tel letters,

-use sea water collected fram ae. far out oo the reef as possible. Near
share water is more I<ke?y tv be polluted or dilvte4 with rafa water,

-Start a new teak with a Eev crabs useful th» bottom cavd has built esp
a govt, microorganism population and the tank has become canditicmed,
possibly io oue c r two weeks.
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-PI3T IN ONLY GÃE HER ANIMAL AT A TINE. 4I'ith the addition of each new
aniaal,  or a few new very email animala!, alla@ a veek ar tvo far the
habitat to ndJaat ta a nev balance,

-A3.though f ish take the eye of beginriing. aquarfsts, invertebrates are
the lang-term wfnnex's [ar both interest and learnfag potential,

� $ea cncnraberw can be treacheraus. Save yoursel f the mark ef cleaning
out the entfre big tank by keeping sea cucumbers in their awn smaller
t.ank.

� bp N Yl' EXCEED THE udtRYEPG CAPACITY QF THE TANK, Overstocking with
taa many an ea1g ie the cingle greatest cause af failUre.

-Pravfde some natural hiding places far the mobile anfcaals.

-Include game scavengers f ar keeping the tank bottom clean,

-Not ice vhat. the sofmals eat. Zf they are plmt-eaters, keep a sea
veed grazing grovel fnr thea. If they are meaC � eaters, they vill eat
bits af f tah, brine ehrlmp, other pratein faod, and one another,

-Be prepared far cannibalism and var. The "Lmr af the Sea" i.s the same
4Le the "Law af the Jung.le "

-TOO MANY ANI~ added into the tank TOO f'AS'I gpe} le d.iaaster.

-Keep a hydromet.er handy and test at least Once per week far ealinity.
Add tap vater if needed.

-If filter-feeding invertebrates at'e in the tank, add f reeh sea vater
fry tfme ta time from which they can filter ant. mfcraorganiams,

-Sea veeds and eche nnimalg sech ae anomalies vhf eh contain chloraphyll
badges ~ require goad daylight, not direct sunlight,

-The more light the tank receives ~ the Easter the sf des af the tank
eel np with algae, Either add alga eating a.n. mal,» inta the tank and/
ar reach izl, per'ipdieally vith a raz.or blade ar raagh spange and scrape
4pvn the insfde of the glaee-

Keep tanks au.t of the evn ~ M the other hand�c.laseroama eqvfpped
vf th wooden loLrvzes put a tank fn taCal darknese except during echaal
haura vhfch fs ineuf f icfent ta maintain chlorophyll beereg, Iri theie
cases, s fluorescent light needs ta be ueed ea give several hours of
additional lfght each day.

-As lang, as the water is clear and the animale chx'iving, the. tanlc. can
ceatinue en. al,l year vithaut renewal ar changing af vater.

-It is a goad idea ta take tha tank 4nvn at the end af the echool year,
arid clean everything Chatavghly vith clear water �0 SCAI'!. Tt can be
reassembled as a new tank at the beginning af the new echool year,
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-If the water elands and Che tank fauls  usually because of OV6RL EEDIM,
OVbR STOCKING, aa6 leaving in dead animal bodies!, the whale tank haa
ta be taken Jovn and. everytl>ing, vashed. Zn starting over, begin again.
with one animal at a time and DO NV1' OVERFEED.

OCher References,

Your "friendly neighborhood peC sCare" has a shelf af baaks about
aquaria, f lsh, and aquarium edifice. SeIect one or tva f ar your class ream
bavkshel f. Many teachera cansider aquarium books by St.ephen Spotte ta be
the mast helpful as well as the mast authorl.tat ive.

The University of Hawaii Sea Grant Prvgram has published a paperback
 $1,75! entitled RABINE AXD FRESHWATER AQUARIUPL' SYSTbRS FAR TROPICAL AN1-
MALs, by E, Il, chave and P, S, label, April 1974 Thee booklet eantefne.
lastructione. for tonstrectiom. af a 100-gallon wooden tank and two smaller
glass tanks as well ae a pleChnra af iafarmatfon. about tank main.penance and
care Of Haveiian species af fish and aCher tank iahebitante..

Fish and Game Re ulatiaae

In Hawaii ~ n.a specie? permit. ie aeeded for hand gathering ox' trapping
reef animals. A permit is required far capturing animals hy means of a net
vith mesh siz.e smaller than LQ inches. Zf it. is anticipated. that fine-mesh
net flshinp. vill be engaged ia, call for a permit appl e,itian at the off ice
af:

'Director

Divisinn af 'Pish an8 Game
Department of Land end. Natural Resources
l l 79 Pun ..hb av 1 S t re et

Honolulu, Hawaii 968]3

Af ter obta<ninR, the permit, a Fish and Game vyrden vill visit ynur
classroom tank f ar approval and cheek f ar the legality of your catches vie
a monthly report, Fine-mesh nots Often. pick up  lory silver fingerlinss
vhich ere the young af ocean f and fish and therefore illegal tp capture.
Clams and lobsters at certain seaSOns and af certain sizes are alSO illegal
ta catch,

All ?Cess, fish, invertebrates, plants, anal even rocke, are nat periilt-
ted to be taken from natural reserve areas, identifiable by posted slane at
these 8 i tee.
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9, SCIENTIFIC NOMENCLATURE

Nat sa tas»1nar3ng. to elementary childre», but at korea . imprrtance to
scientists, are the rolee. of grammar a»d. punctuatiao vhf ch control scieati-
fie acumen.clature. Same oE these rules are reviewed hex'e ia  he hope timist
y vLgng s tu.deo t s c.an b e pe rsuaded, Z f t hey us e s eient i f ic names at a l I, that
they use them correctly-

Livf»g things ~ like people, ere designated, by two names Wis is
cg.11ed 8ZNI3NIAL NOMENCLATURE.

The f iree ward 3.s  he gramp or GE3KS ta which the plant ar animal
belaags, The sec.ood void is the name of the pa,rtic.v?ar type ar SPECTERS,
Putting both varde tagether gives the 6 yvhle scientific name, e.g.. i~lvsia
~u1iaaa which is a toswou sea slug iu Hawaii..

The CLHUS  s the Senezal group ta vhich the plan  or animal belenge.

The g.i»gvt.ar is VVrOS.
The plural is GENERA,
Th» adj ec $ ve 3 g CFNFRTC',.

1'ar example: one g,caus, eeverel e»et'a, the. ger ertc name

Generic. names are al~ays spelled vl h a capital let er,
A generic name is always «n.der lined vhen the ward ie written ar
typed, e.g. ~A1 sia.
A generic name is pu  ih ita3ies vhen it is printed, e.g. Ap~psia.

SPECIES refers I.U the gpecisl type af plant ar animal.

The s ingalar is SEE :ZES  not. "apecien which means caine ar mcmey!,
The pluraI is SPECIES.
The ed j ective Ls 5 VRCI P IC

Par exam' 3,e; on,e spec.ies, several species., the specific came,

gypeaff3z names always begin with a lawyer ce6e Jet ter, eve@ she»
the ward ie taken fram a pt'oper no<ye.
Spec.i f 1<. names are always used rllned Or p ht. 1 n.t.a 4 tal iCg
Speeif ic asm»s are always prec.eded by the name, ar at least the
iuitlel, of the gaaos, e.g. AH lysis juliane, ur dpfgat'a o'wftsas,
ar A. juliana  J.f it fe»lear Erae a prec.ceding seotence that the
A, et'»d.s Far ~A~lsia.!

Scientific nam»e which are often a bugbear ta adulte hald a peculiar
fascinatlan fat' chil }re~ ~ They like ta rail them oEf tive! r tongu.es aa.d shaw
oEE their ability ta use big words, Once they leam the vard. "eviecerate",
eea cucurabars never ad*in "spew oa.t their insides." A monkey pad txve dis-
appear's se saon as. the poetic svutlding Seaaaea saiao comes cm the scene.
Childreu would rather talk shout ~Gra sides thau rook orahe.
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The wo pvxz.lee bere, md those latar in the. book, are far the enter-
teioaaat of cbook.dren who en]oy verd Iaaea.
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X

e i Directive liae. Write

Vainer E put
uader 26.

the

A.

P lac teh- ~@
fish e say7 Pq

!9 5 l2 12 9 19 5 1 19 I 5 l2 12 19

e the ma

ed vers

19 S 5

OX

0
XK

sA%3 PUZZLE BUT HARDER

gX
6aeh nvmber belav repraseate a letter of the alphabet, The ':g
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Writa the rsumbexa l to 26 ia a Single lang
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l. kERMJT cRABs

I n t 1'0dve t i.an.

Hermit c.rebs are lively and
interesting I allabitants af the
< j, rJ.e paa 1 e a f Hava i i. Chi W,t'en
of ell three 5AblP levels can

en/ay end do same worthvhil.r. an't
simple experiments vith them-

Hermit ct'ab8 are members of

Phylum Arthrapoda, Class
Craetacea ~ along with crayfish,
cra'hs, lahsters, and shrimp.
Crabs and. shrimp in general are
it'eaied in a later tapic, Her-
mit crabs, because o  t tie ir
ub Eg uit y, the ir spec ial fe atu x.es,
and their interest to child.Yen,
is imaged as an introductoz'y to'piC

The several activities given here concerning hermit crabr. may be
pursued oo f3.end trips ta the reef, ar ae cJ.assroo~,ietivities, prefer-
»bl y I'path. Besides the abservat fans, there ere a counting problem and a
classification key Intended to be challenging te older et.iAents.

hermit. et'abs are by na means an endangered epecies. The papnlatioae
c I IX mas t. eha rel ines can support having. a f ew spec imens x'emoted Eo r c.l. as I
vorL, Np cate hermit crabs should ba removed fram the tide pools than
are. »ceded f ar planned obeervat fans and experiments, and these should be
returned to t/>e t.idal area when the class wark he eampI etc. This is goad
canservatian and. la con8fatent with inculcating a respect far 3 ife

Field Znf arma Lian,

any hermit crabs live in the zone betve.eTl high and law tide alang
the shoz'elise ~ ac.eu.pying pockets oE ahallov water amanp, the lava z'ocka,
Different species of hetpit erahs are found ia d.iffetent hah tats as
indicated in the di8gtam belav. Only shallow Mater spec.ies ere shown
here.

Capture by hand or with a small dip net. Identify'.aetio» keye are
an the last page pf this tapic.
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CROSS-SECTtDN OF ROCKY SHORE[ INE

 .slciniis 1 a tens

tenance.

Several hermit crabs can, be kept in the. c3.assrnnm salt water tank,
Allow enough space ea permit the est.ablishmene af terz'ir.trial, rf.ghts among
thm., hl so bear in. mixxl that crabs are cannibalistic as veil as likely tn
prey on other prise specimens in your tsak. Zf classroom space permits,
it would be instructive t0 hove s diEferent species in es.c.h tank.

Far c.lose-up student,t. observation dorian the week or so of hermit crab
a ark, maintain several "hermit crab pans" in vorkiog areas around the class-
rovca, Students can glance at the crabs fx'0m time to ticac in between doing
other icssvne ~ aR well as duz'lng hermit.-crab-vat.ching study or class
Leer t 0dS.

A hermit crab pa>l. is arly flat, rust-praa  pan  g,lass, porcelain.,
plastic! hold,ing clean sea water not. ta exceed one to three inches in
depth At that shallow depth the water Ls kept serif ficiently vrygenated
vfthoot a pvocp ar airstana by t/le large surface area exposed to Lhc air,
Mark the original w0 er level an. the side of Che pan with grease pencil,
tape or, svmethin8, else that vill scil.k. Aa water cvapol sees ~ refill the
pan t.o its original depth by adding, fresh w.p vat.er. It ie diff Eevlc ta
keep control of sal&ity in flat pane prhere evaporation la tapirJ.. For
this reasons, it is well t0 empt.y au.e sll the oic] sea crater at least aa,e.e
each veek and refj,ll with clean sea valet',

For food, avpply fish food aadjor bite of scavenge esterisI., especi-
ally reCently-dead bits af mollusk. or small pie'cee nf Erozen shrimp. Do
not leave uneaten bite of food in the vaCer lonmer than hal[ an hoer to
prevent. fooling oE the water,

It may be necessary Co Eence the pan tv keep the active hermits con-
fined.. Young llermit crabs require a evpply of earpty she].J8 in increasing
since. inta crhich the:y CrsnR fer aa they grow.
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IIermiC Crab Znvestl atiptoe,

Problem 1 APPEARANCE AND SEIIA'RIOR  Field Work! BAÃ0S 1, 2, !

This f fret problem ae l>ermit crabs suggests obse.rvatioae Co be dane at
the beach during a field trip. Por aids in arrs»gfnp, a field trip, aee
5entfon 1 af thfs book end.er that heading ~

The quest fans be:10v tweet recess.srily be adapted, cut back, or added
zv, depe»g fag on c lass level and field cix'cumatances,

P rob l»ms

What do hermit crabs ?oak lfke'

ln what kfzda vf placee do hermit crabs lfveN

Who arC their »efglxbors'7

Does a h»rmit cl'ab react ra movement nearby or to shadows~  Check
visual distance and cffrection..!

Do yo« rhfnk "hermit crab" fs a. goad name for these animals'l Why
d c you think 80, o r no t think BQ

~Su ected Procedurea.

Prede:r.erma»e a good tide pool area f or f lnJ3 08 hermit crabs. Prepare
the class far a Short Field Trip or Mke hermit-crab-watching part of the
ep,enda on an Zxtende:d, Field Trip  see Sectfan l on Field Tr fps! .
P

Mast stud,vnts c.a» recogniz.e a hermit crab, If  hey seem not to lmocr
what 0. liermit. crab is, describe. vr show them one but Tet the details of
description and behavior' came fram the stud»ate' own abservatians.

It is desirab]e ro do as much observing as pass ble in the field ao as
to inc lade observations af hermf C crab habitat and envirazuoeat. +estrone
used by the tear.I>er can help to g.ive focus to the ohservaeions anal. die.cu.e-
sion Some questions which yvu any find usefu? cauld be similar t.o these'

Do hermit crabs live ia grcvps ~ or singly here and. thereP

Da they seem To live under rocks, on top vf roe.ks,  n crevfces, in
miA, on sand, fn aCa vee6, or ~here..

The aspects to b» cmphaefzed. at the beach are the g»neral habitat oE
hermit crabs, their behavior fn natural circumstaacee, and a general
acquaint tance with the locale and other types a f animals and plants which
live in the same place, Both q«es iorce. and answers can bc quf te general.
Spe:elf fc deCaC] ef anatomy and behavior can 'better be handled after crabs
are brought back ta thr. claesropm uhere they can be obs»rvcd. more earef ulled.
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c6

1That either anfma18 1ive among thee Or near thera?

Dv t.hey live ln dark places, Ln the seri, in. shade. ~ vhere it is coal,
ar vaem, ar onder vater, ar dry?

Oa the hermit crabs seem ta be all the same size and. 1< fAJ oY dpi they
vary greatly?

What are some waif their getleral Characteristics 7

Are they vet'y active, sameMhat ac.tive, 0'r Qadi they mostly 8 i.t quiet ly'

How frightened ar shy are they af hvraan en'.raac.hment or dv they pay
na attentian ta yaer presence?

BAND l childrea make their "repartee" by remarking.. ewe.laimfnp, and
shawinm delight vith their herratt crabs. Older students cari be capet ted ta
produce sketches and nates in natebaok reports on hermit crab appearance
and activh ties. See the PRK'RAM MANUAL 0a g threat natebvvk8,

Presumably ~ the students have already gained a g,eneral knavledge qf
hermit Crabs and their habitats fram doing Problem l at. t.he beach. Problem
2 praceeds vith c.lagsraom close � uy pbgervatieas, Le the event that a field
trip cauld not be done, c:Iassroara obeervat.ians can atoll be pursued, per-
haps adding inta the clase d,feevwian same af tile questions and info''matian.
fram Prob?~ j, abave vhich wae migaed in the field ~

Materials.

-"8e~k,".mb pane"  eve iabara+mvy Pkiefemnce ~08'
5gg /~f8 F

-Rags,~or mapp~ng ~ epfY'ea' mter
-i aea' Tansss ~zptiamFJ
-~ty eh@ 'e ~f veri.em Dizen

How do hermit crabs move abaLLt? Raw da they a.ee their legs aud.
c' lava in wal'kihg?

Oa they axrve fast ar slav? Do they walk bet ter ar dif Eerently on
different sm feces such se t' he emaath bottom af the pan, sand,
pebbles, a ClOth in the bottptn, pf the pan, a sponge?

Da they move abaft in graupg ar ind.epend,ea,tly ciE one anather'?

 cant 'd pn next pape!

Prcihlem 2. CLASSMCN OSSERVATIOHS ON HEFPJIT CRAB BEHAVIOR BAhDS l, 2, 3



Hawaii Naturr Study Project
Puef and Share

If they et'owl to the edge o  yovr desk, vill the'y gp va over ar
back off?

Can t>ermir c.rebs crawl vp vertical surfaces 8,»oh ee a plass wail
or s tcr p x'vc.k?

Raw daes a t>ermie crab react Lf ite shell is toocherJ. ar ranved?
L

I!yes a hermit crab gradually become aCCnStomed ta movement  pr
tauching ao that it seems Less»o.fraid" ef ter it be.comes used to
vv v?

l!dies the type of et>ei 1 a hermit occupies. 3 n.fluence its type vr
speed vf movement?

Can yov »race" hermit cx'abc on a trac.k or free» the center ta thE.'
edge af a circular pgn?

tIvUs ~ilg '.

gee shel? in whir ti a hermit creb J.ive6 i8 sometimes calle'd. it:s
hvUs i'

Llv ':ii.'riii<t crabs grow  h uit' ~n hou.see or Jv t,hey ger them from
same pie c e?

Natch a hercni t crab examine an empty shel.l.

Watch a hermit crab cli ob i4,to a different slle11. Ha+ doer lie
cv

Rill a h 'Ymt t crab po int.o a»hooee" which ts nat e sea sh»J.l .

,0 ther Beha v La z' ',
I

'~'hat dv yavr hermit crabs 3. eke hest to cat?

How strong «re they in hvldtxlIt, onto a sheLL or iPther ob feet?

Vhet else dv ya«nat ice abvu  hermir crab bchav3.or'

Ihink vf same teste or exp'.rfmente. you can 8v v3 th hermit crabs,

~du esLed Procedures.

5e t np severaL he.rrni t crab pans ar Puild the claeervvm sa [liat each
granp c E s vderdrs can abserve. hermit crab behavi Pr eat only during h '.t'mi t.-

ra6-cri ching, t.ime bu  visa ird between PJ'S] ng their other Leaga»e Provide
each pan w I  h several hr rmits and several addL f<Pnal. empty sheLLs. vt
.~i ! ght ly larper a lee than those in wliicl> the hermite are.
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Hermit cx'nba' da tror seenr t.a be n t. the top of the 1Lst. Ear enimal
iri.telligeixce but. t trey carr be L r'einecI, more or 3.ess,  o expect Eocld in. rer-

pleces vc at certaiTi hours or 8oy8.

In add,it iorI ta th< s~igpestio»s made by  he probiun qisestiatrs ~ many
st idrw s are quite resaurcefuL La making up idear. o! what tv watch or
test. St idents in pll<it classes haVe hell liermit crab races arIR Irreesured
direc t.ians, sIrei'.ds, end vt.t>i'r maverorrIts The fo] 1 ovirig two itkrrs give. I.he
t.eacher el<la atr bausiTIg and stimu}ation oE atber abse:t'vatiatrs.

l.  'et t in@ a h  z'm3 t. crab oui. of its house., and in v another hovse

Remavirig hermit. crabs frnm their slIel la can bc <lorie by the neacher
aha% of tier a»rl the de-housel' hermi s ~vrn<ight tv c.lass. Sam .
teachers prefer ta do  his, because o. the occasional loss of a hermi 
crab in the process, an event vhich disr.lessee some children,  'rn che
otNer haarJ ~ s t.LIderIes are o f terI arJ.apt. at doirIg t.he deho is J n.g I ab them-
selves,

1't>e "hat ~voto I echnique 3escribed rIc.<e vorks boirer with  hlil-veiled
shells, place the hermit crab v» a vet. spo4p;e arid hoJ.<l it. firnrly
po'l I inn. itr whicli it. cari rca< b che sponge: when it <ames aut. I'Iie vec-
ness vt  be sponge serves as an >dc'itiatraL ]iire ta drav the crab vill.

Toucli a very hot. rL<i I ar solrJc.rial iran r~r' horn.ing match ta the   lp af
the spire vf the shelJ., 'I'he heat drives the crnb out at i c shell
prompt l y Hald t.t>e sheI.1 viz'v s t iILl durlrIg che proco's since a hc-.reit.
i.'rab is a Ernie nf rxrverner>  as nruch as, nr mare r 4'Lll it. is 8 I'cnmfited.
by hv'.a  Navecr rir ~!F the sheL] inay cause I   to retrr a  L~wck into  Iie
sheil etrd buna its lit.tJ.<. hehind,

0»a teacher su ress fully expelled hez'mi t crabs by bi owing a jet of air
inta the she-.l'.

Mith One ir' naZe derIurlc'.cl Creba «[Ill a number r>f empty Shel.'."., nrariy
k J.mes of expurineor e can b  rlime. Por e:irarAple;

I f tea truer' tiermiee err. given arIly one sheL3. betveetr thrm, do
they f i pht Ear  'Iic possess ion of the on<' ~label l"
If one nudr herlllit is pri'sented vir.b,a variety vf empty shi.'] l e,
bav dveS he go abvv.  chaas in@ One t.o erIt.i'.r?
Llv tiermics char ge s'hells  ~edily whr.ri presented with sheL's
~n.y sh;rpes an.d s l wi.s?

Mow I hermit c.-rahu, everi  Iiose airea~ly in. a st!el 1, vilL or f er c ta ac.d
expJ.vx'e new shel}s, seeking nice of a more cIesirable size. H< ip rhe
sr«detrts nv e the c 'ob' s explo 'iris', teppirIg, and "measure'inR" oi sllglls
utrdex' invesLiga ion.

Tvo lIernits in competitios> for the save eheLL L»l erect  "ELgl> t."! .
I'erritar fa.l or cIamirr;~»re fight.iris' in enira le c. f all sp .ries is sr. loom
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never to  lte death Dr «ve» to the drat-irfg vi bl ood. Fight fng,
cease.es O.e soarb as octfvf  tdfe laser! shmS;! S»bmissfve st.danae I.o the
Wi ftrfer. Can  he. etbidents der vc  A»stIbfsissive pvS xbce» irf losing
hermit. at'shs,?

Obsc. rva  i f>cb Aids f oc Yoxif>ger Childr»n,

Hermit Crafbo;are li»r ly ' I 92 Cle anfnfale bbt>a b'..Wrf Capture S,t+eat atten,�
tio» vosided, esp bcE >1 ly when a h»z'mtr. crab "fight" [8 te progress ot'
@herb a hr rmi; tc c fangfng i ' .<lfell. Evt. h rmt t crabs da nv  always
 voperate by l» e rsctfrfg, ar chanvf f>g shel?s in !teirfffo»y with th ' s»bool
schedoL». hach duri»g thus» observing pf.'ctff<ls in which th< Ibermits
persist in dcl»g. oo..lxfrbp mare �-b» btrawl arotfnfJ;>tffflessly, yves miphc
take uli tIbe SlaCk in thf. wai tiftg and t=a <-ht»P PrOCeSS by f!ae Or nfare
chf the activir. >f's lfelo~-.

R»,IrJ;! hermit crab s  v Cy aloud,

PACQQ, by I[f>1'! inE  Clancv I[f>l l frfg~ 1957, Houghton Mi f f 1 if> bwmpany,
5aStorf, is a b avf tfnl piece ot f:ltfldren' lf ez'tC'«re abattt
hcrmfl. c t'.sh cold irf pet:;;ffxal ized story E arm, incor poc t t t»g,
err. rata informal for about ~Pa urvc T.f the thflrfran ran be
set tLed. cl«tetly around.  hb'.tr bermft c.cab Ii;>os, to watch, yvv. migbc
read. PAGOQ tv  hb'.off alo<fcI. or m brfy young chiLdre», che story Ls
tvo Lvfig f or one sit t L»v. A»i] cfeeds to ba-;1 t v":cIed intv !harrs, or
selec:t only somff sect fans f or rbbs~li og. Anathr. r vr;xy is ta read  lfe
story lit t Vs..ely yours»LL t»d clterf teLL 1  I o the chf 'dre» ss a
corfversatian of yoixr own. Poc primary child.ten., simply shawl cfog
the pLat.ut es IIIay be ee»vugh,

Another s vz'y is hy Jane Gus el lunar, l963 ~ A %HELL PQR SAM,
VasTI» Barr:ic Gald»n Cate tuniar Books, Cs.o Carlos, Co.l 5 f amia,
'fz.rs,

Yattr libraz'y nay have othf r sI aries.

b - Develop a Co»t t cb»cfus Croup Sl. fire

Start. a " b.rfs.l" story abfhbir hermft cr'Ib.". Each chLL<l ttids ane
seAtecfne ta the story describLtty,  l>e eppeara»cb'. or behavior vL
the cf»rm! t' r:rsb he ar rslfe ts abservirfg»c the mafcon , 'M>e "rules"
«f tl>e gaffe aig';lt be stats.d ta tIbe studerfes s<fTffechiag lfkr.  lt t<'

 t! Belect a risque far the hfbcnf t. c:rab you;f,te watching anrJ re fer
l v it by f ts»'<me,

�! Tell s.ahab'.chinp about. [ t
�! Raise yacc t<n»4 for osc some chther method! wIberf van havf.

se»t ence ta aad al ffbsd to the s tax'y

Here is;I .<hor C safopl» EI"<fe a ca»ticltfvv' p,ronp story;
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"Herman is elecpliig 'He has his big white c:law
folded avez' tits daarway so na an> can eee him,"
"Cra.bby is poking g.r au.nd the e.rJ.ge a f thr pan Ke
picks a.t every pebble as l>e paes."
"l!vmpy has an idveritLLring spit it. He 3 8 making h i �.
third t. ey at petting an't of the pari. Now tie. 3 s yell-

ta his pills, 'Hey y0v gu.ysl I Lti<ok there
I II C.

opening over here,
5 «dent i~0;

7<'ioh a Hr rvi t Crab Act.ioo Saon  to very yaung cti1ldren!

! fod a mr 1<ac]y ta fit t,]ie fo'11avicig words, ar va.ke «p a simple.
t untie

hccrmpe~nvin J4 IiansWards fvz' Hen.g

I am a little hetciii t crab
T.oakinp fvz' a heraiit shell.
I sec poe

Here I evmei

']'ht.s aoe suits ~e very ve:ll

RAKDS 1, 2, !f z'pblem 3. I]ODV PART5 OF lfERNZT C'tl'LBS

Phe amain,r. of detail gone inta lii tliis tapir C.in renge f cocii the mvsL
casual aiid obviaLLs vbgervetians wf th the yvvi>g childraTi t'a as tiuch rJ+cai1
vf th the olde.r students is they have'. the interest and capacity ta learn.

.'Prable~s:

Wliat are the body p iz'Le af a hez'mtt crab,

i;hat pax'f.s are visible when the crab is i;a]liing around fn s shelli

What paz' to are always covered by the shell ~hen thc c cab is waikITig,
gJLvl,ill47

Mise sketches from real lf fe aE a hi'rmit crab <vmp'etely in  ts
shell, 0f a hermit crab exte»<lfrip aut vf its shell, a~rJ  f pasaib!i'.
of a hermit i:rab denurJeil af its she'1 l .

L,earn the Liymes aE svme of the bv3v par t.s.

~Su eated Procedures.

To all@+ e«fficien1 viewing, th s prablim,-.a11s far v»c hermite rob
per twa vt three sl.vdents. Lnl ollrage the sr«dents tv nake their dr'awinps

htudent.

Studunt 42:

Stucleot 03;

-Fingers vi ooe hand creep ac.ram.s
desk ar table,

-Cup the alipasite hand g. short
dis tanc.e io front af the creep-

ing fingers
-The'. ireeping. Elnpers 1unip inc i1e

the cuppr.d liard.
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at "eyeball l.o eyeball" fever.] with the crab, "l>ow does a h .<~inst crab look
tv a»ot.her hermi  r.ra.b?"

degree of precisian, and the amour>  r f vocabulary lasbned, vill
depvn l nn the abili y 1evel and lnt.ct'es.t af the atadea .e

']he diagram a<.llaw i am be reptvrJv ed for the s use»ts ar piacec3 ve the
overhead projector screen af  er  he stu.dents t>;cue aane as ouch as they can
w ithov  <ssistencc.,

DORSAL  

A»te»na Z Leg-.
he11!

Te l son or Tn t '.
An   v.»

l.arg e 6 Ld

nearly all Howdah ion. hermit c 'ebs it. is the L .f  r.law which is
larger thaw tt>e l ight., 3iagLams and keys af t:ermit c.rebs prepar'e3 for use
an the: Mainland or <'.j,sevhere show itic rtght. claw as 1 ironer. Hawaiian
hermit crabs a.E'e imiqnely "saiithpavs."

IAVDE2, 3Vt'able+ ~i. TYPES OF SHELLS l&ETr RV HERMIT CÃh5S

This active y, which is be l er su3.ted ta 0 ladler students, ls beet dane
ae the b .oc.h along t J,rid. pool areas so aa »at to rr qnkz' '. r,r 1 lac.ting  and,
perhaps destroy Jng! 1ar pe numbcz's n f hermit crabs

While waiLivlp f ar this lessvo ~ the hermits -iiisld be maintain '.rJ. 3 n the
claee ta»k ar in hailing,;~a»a For skr tabloid they can br. taken out and. helrJ.

~lamp cloths for brief interval..;, then return<<i  a the vatvr,
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Matey ill e

-iVr «&v~�:ri.i ...-'-.rr wA'ir >z T,".";,ae-'~;, r~.'~~i..-',~.;-.;r.

I
IP rvb l 'ms,

'jhn [ k 1 r> is v F 'liel 1. ; ilv ]iamb 5 c.-yn.bc 1 I vc'. l» t

iiaki'. « .1 l~l,  i  I ype~ »F el>el 1 ~ vc 'vpierl by liermf.t crabs,

J«kc. « i.au»5 aF will 'i> tvpee «We ma" 6 u8ec3-

Sv ~ vst d Prvce.dur .s.

Olvid» the wvrk nL 'h» bvar:h hy teams and by tide paal areas. It ie
»ot »ece«sary ta know' the er.ienni fir: naraeg nf rlie: ".lie].la, ox' even.  h»ir
common namr s. Sinply not.r. thr general shape, structure, ar "style" a
she] I e irked by hermi t e, ar e,ei. irp vivum nw'n des J.g»'lt icjri9 such as "Shell
Typr i<I", "Shell Yype C2", etc.

Counts might br Lake» by pic king up she. li.s eonteininp, hermit cr«bq n»<.
lly one 4v'labile. «Yt.r.<i7llph' »:lre3 di'>weal th '. she]1  yp  vn a prr viausly prepared
data sheet fastened ta a c.lip board. Another method ie ro rewove»1].,

r F ~ I!re he>'mi [ i r«bs i'rvm» g i veri i. I dr pavl and, sert. then iutn waif Eer-
ent. pans ac-ordinal. La shell type. Then coun.t. ham romany ie e«r]> p«» 'ie'h »
 ]i+ L vv»  J s < Lni st> '�, rviilaL e: th»  -rabs I» th» san> t.ide. paal.

Fxam6>e rhe d;<t«;<» « '.Iu.."., un'. sec vhai. r:vnclusivns eight be. drawn.

Dn the rr«Iis eliaw' a e I rn»p pre e reer» e f iZ 'any On '. k Lad vt sh»ll,

Is their choice a f shel la seemia g 1 y r and »m?

Bo tt>i' s a  Is ics vr< sh 'll  y]iv vary fran pool tc pool ar are ail the
pools about the sanre?

Dlc anv h 'rzlr.s rtiv rsvp' r»>ii-sl'.  ll hvvsvs? What kinds.

l!v yvv  ]i J»k hermite seek c]ie] I.. nl ~hei il J   ypes vr r]o they takr.
whateve. r happens ta be around'l Key da yau think ao?

A written notebook r part ot the. formal type ie in order here for tl>e
r 1 der ervrlent v, See the I'Rl.'J  R.iM <iN!JA!. ail. « v.ale»t r pvrt lng,

Sam lc vt a Coo»i. Truk » b ru J.abvra vrv S hvol Class.

Br Lov is a data ta.bl» end  ty a clruss vt 6th graders aha vere divided
E»tq q 1 z  ]i' 1 ere»t grrvpe «r a field s re: 'I'iiPJ Y «ss Egnm »L was Lv Lake an
inve»tory of the. dii f erent kinds at houses occupied by hercrit crabs The
~[ ILLlP'ii!'."  '1 J d»at know I !'re nerrree n F i'»s   iiC  be sh .1 I.s ~ so Lhi.'y glued
sample shell Lo Lhe top of e.ach colvnn an the c.lass data sheet.



Hews'3 1 Vature SCudy Pro j i'c  
Res.' f a, id Sli i rc.

Thi c:L;iss ilnr > sheet as i= was d~ vr. l vLic ci In '. I-e s t.iden.ts is rep=o-
rlqc.-eel helov. The diagrams v L: lie:.i.se of tl!e columos s tand ~vr   hv act ua.'
sacrple shcL ls wli 1 i h vere p,l.ied to t'hi pa»c, iNv i' r. Ilv t L he. ctiiL-ent-sel ecited
r vl vms headings art. Liar'. I a I. ',y ! eil.in;!;crit arid lac'c hc rr" incmCnt& Ol lug > c
vhi c h z.i gt>   bi.". 'n hi e ver. I'.y a l c~ r s t. udcnt. s Lv!.';., i .;., 3 ir 8 s be t L er kn.aw? e dye o
shet l t.ypes.

T AJ3] P I . 8 H J'I J. 2 RF FE R 'hC L' OF HM'L 1 7 C PuNJ35 A'I' Khl ID L* hlNC IL

J II r y]lr ci' .;Ili-. 1 1 s occupied by harm t crabs

3,' l<

ll l
12.S

44
lh

:3 9
I 1:i

20

2S939

L'ri I;~rt vnacely, no record was kv;i  i' I.   be;e .~r nrleirts ' roricl~zianz drear f rom
tt e data. As sri   xi rc. 3.",c. 'in <is t,= lanai ysis, y=u zighit rcprodur e   ti» rlbvve
:1.<r s:or your class and ask them r. v m ike.;>n. s~seesment of shell ype dis-
:r L.bv   L iri [»rl 1 ~-;! I e~i by the data ..hey may w sh t v .-.;lieve' t;r I e oo reasons fax'
,.I e d iscr ibut ion.

li r'All 3I'.,ib] vm 5 -:II'i: : I I.< 92 0:-,3 7FT L.AT1 !K h."O CPrJ'3 5

L'ri>hl eiii 4 w.'s s sor ting problem based on thr. typ 's vt she'Lls  re wh Lc'h
hermf t crabs li;c., This proh 'L i in li;is i o ~h. w'3 I L'i '3 iLent i f 3 bing the rrsl!s clrem-
s e 1 ver.c

'I':i5 s ci'3 r f't ciil c o"..-.h leo i s c'ov io'zslv t or up'i< r c. Li. mi nl. ~i ry s  vd  iil. s,
dentil icatio'a may br clvrLc c t   hi he;i~-H rtn r' I iP,;Ls! i Rr enrLe'ii Ff earl 'I'rf p or ] e,

:.Ixe c 1 assr one osing hermit crabs which the s tudcrir s havr cvLLvc  vd t rem
Lvca  Lvi'is  hl'!' llvvc' 'r rllcell:l l I e o I

~~terials
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~ p 7 oh 92 erne:

Vhat different. sties:les af hermit crabs»n.o yo~i find ia Hawaiian
tid.» pv018'.

Haw mccoy of each kind can yvv f'i».d?

Wl> eh kind ar kinds are fau»4 mayst. often~ Least. otic>l-

Da all  he hermits in one t.id@. pvol or slang ane shareline Le»~l
be all of the same species, ar da they sheol t.a mix together l

Ilermi t. crabs arr s»ns It] ve l.o pal lutian. Vha  ! s the oonditian af
the aron I» vlliCh yatir hermits vere EaurLd.?

~5v ested Procedures.

prablem 3 t.h .y are a quei~ted with the
knav  he oames nf the priticipal bvdy
to distinguish the cllf fe.re»t species by
and cia<8,

1 f the students have c.-.completed
ger>eral etLa vmy of hermit crabs and
tie.r s They cauld naw be show~ liow
the eiz»;«>3 c.aloratiari aE the ir gs

1'4< Wa kik  Aquarium hae a. d ispl;iy of sme11 tanks, each cont.a / n. I »g
different spec icr «f conmo» hermit crab. Check wi h  hler dispEay far
f:ut' her oonfirmatian af types, leg i.>lars, and scient itic naiNt.s

Rxperienced BAND 3 stude<> 8 shauld be able ta assam ,l ] arpe share in
setting up nee Ie<l data tables and vrgan'tz. t»p field trips for collect Lng,
I <iformat.io». Besidee a da a  ab le for each student ta carry ~ s»d an which
to recard abserva t. [v»8, ~ s 1arRe date table cvulcl be pasted on the bulls t in
baarJ oil whi oh ta tabulate inClv itive l etvdent data as they cvrie

If the stvdents have difficulty de8i8»ing a good data table,  ILe nrte
belav can be osed as iS ~ vt' modified ta eoit the slave

Otic ar eev»z'-il Short Field Trips «ovid be p l armed caverinp a dif f»re»t
t lrJe pon1 area each time, vr i» excended Field Trip cauld be .err,x»ged, mav-
in@ frat' aa» s!>oz'el inc area ta anath r thLniigl>n«t the day.

t her the identification Key, nr I.he diagrams below ~ vr bait!i ooiild be
duplicatr d. for stvitent «se ar made inta a wall  li~zrt far st.udent reterence,
A va] vab3.e cant.ribotivv tv t,he c1 ass, use fuE Ear years LO C~e, Mould be
let a fe~ st«Ltents reproduce the diagrams in large size far the belle i».
bo~rd and colar theet, work »g from the live spccime»8. a8 well es Eram the
keva. Hv e that the key given here a~~pl l es only ta the f ivr max   romtiMn
Ilaweiian species. The: 'c n.t'e ma»y epeciee not shvwn tierce which the etudetit.s
mlgh t e» c ov» t er f ram t ime t.a t ID»,
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SPECIES OF tiLK!1J 'I CRA5S t,TUFTED ON HAWAilhN 5J'.Ai,IMAM

I
c llew!i> l

I

TA5l, t'.

hinrh er o t Eac h Sp . r l ~.e

c.3 nva

i:llanu

~a»oi'q', rarzy, Ci earl, liVlln ed, el i..

h'hen aJ.L, s ~c.»ts knaw for sure t>v~ r.o tile»it Fy each spccli.'a, .'ur l"ate>
hermit. i.-cab inventories by apei-! c's c:c.+id be dan  dv r iieet, weekend family
nut inps or bv studs'ill, q wrrking shorelin  az'i'sic i>f their om. choici on c'iaaf r
o VB t 3.1TK ~

 he itsta are in, refer 'o srk t r the problem quest. Io»s a»d see if
 lli'.,hat.s are providing «sy»answers,.

l.et the data sp ak t test. As a follvr-up eel arear.e, note thr' diagram
at thi. bop;t»ni»g n this tvp ic irLB f i ar ice@ spec.ies prot  rcnces For di t ferent.
habi tats.

Answer rs Lv f'tnhlem i can. bc dcvelc.@ed inta a formal st[<'.nL t l ir. report
in 8 vitent notebooks using [lie Format given in  h  1'kt! ;RAM MANUAL.

Kermit. crab vvrk of fera a bmus to s Udrnt': hn importance value,
Dr. Ernest i ease at the University v F ilavaii, Department. of Zn» 1 nay, has
bii'.ii engaged aver many yeal s vf.th hermit icrah st sristirs. Class data t;si'I
be sent ter  he Hawaii Nature S chicly Pro  ect 0.'fice for to~~ardfng to
IJr Reese. The data +t tl be much apprec Lal,e.it, c.nmmented upon, and i;iititee
ti.'I.gz neil to the school. The students can tt na be par fir.ipants irl a bona
f ide LLn ivers it y zc.sear ch s tudy,
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1.eft claw large

ck

I,haft c.lee slightly largr r t.hen 1'lght-L,e:f  i law much L.a,cger than right.

Far iden if jcJtian c E ether camas spec.fea, see the display vt  he Woikfki
Aqu 5. g 'I i i'� .

I'lvE comma msgr.LAN
HERMIT CRABS

Hawaii Natorc St.udy Prvg ec 
gee.f and Share
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2, T j; I3E POOLS

lntraduc  3 aa:.

C.
T! c]e paals are. smal 1, rack-r imbed basins carved by wave action inta

lav i and coralline. tacka a?ang the. sharel inc. Tt~ey are called tide paving
ar tidal pools because  heir replenisbzen,  <f t.h sea matc.r ls rJependerit upon,
 t<e incoming, t.ides, &came pools above the high tide merk receive wa er f rvm
the splash of the highr s t. oaves. Same are sa law that they are expased as
pv0] s only at the. lawest tides, Ca Hawaf i most of vvr t.id@1 paols are:
actually reef flats with rater trapped fn pockets ai the r< cf. nc Lax tide,

Th.de. panels make excellent marine study sites Ear slime»t;>ry children,
bee.aiise af their accessibility,  he'tz' widely varylL>g, measurable physir al
factars ~ «nc3 the veri> ty ar>4 hardihaad of r.hei z' inhabit.anls,

~Ph sires Features.

Tide paals range fram inches t.o feet in diameter, Erne very shally@ ta
knee deep Tide pools niay be as cool as.  he acean water, or as hat as the
racks cnakinp fn the sun after the valves have receded Tide paal sea mac.er
may be dilv ed by the fresh water af ligh  x'Ans, ar in indated hy torrents
oE stars' waters. h tide paal may be a maelst.ram oE evirling surf,  ben six
and a halE haters later become a quiet paol left 3.salated by rhe receding
wa e Ka.

Tide Pool LiFe.

I'teld Pre~aration.

Before considering this  oplc with a c?ass, a ceneher needs to deter-
mine where, within reason>able dfstancr. vf the schaal, the best tide paals
are Inc.ated. It city be useful for the teacher t.o ma.ke a raugh sketch of
the area at law t.idC showing number and location af pav l s ea that etudont.s
can be assigned by groups ta d1 f f ererit abserva I an, sites.

Vis f ts t.o tidal paal areas shauld always. be made at lm  ide.. aesisc-
ance ih plaaning class vis fcs fs gfven 3n che E'ield Trip bi>pic in Section
rf this baak, A chart Field Trip has the object fve af spendirig a ha't f hour
ar hour c.rauched around tide paals objet'vfng and taking, ai>tee vhfch ere
discussed vapo i return ca «J.ass Aa Extended, Field Trip fs planAerJ with
tide povl abservatfons, measurements, dot.a taking, and. dEsi.iissian as parr.

Tide paols are inhabfte<1 hy a wide variety af very tiaz'rJy litt.le animals
a»rJ. plants having a wide taleraiice ca changing tihy~ii.al eandit.iona, ]tawever
even hardy and abundant. t tie paal life can he dest.rayed by aver-callecting,
by aver-disturbanae ~ by drying ~ and by crawd.in@ as>J. fnsuificlen  aer.stion
when cot,lecced and placed iri e? ass l.anka
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of usl entire d.ay in. the fit!,il

Obs~ervfn in Tide Pools.

RemeLtIber the rule:' 7 f yau turn y rock aver, riirn it back. Dv the
sto8a»ts kLtaw why ~

Resides ttte vsual sa'.el.y practices, stvilents might bi. n tvfsed ta do
their observing vl h bac'.ks ta the. mdiv»tains and heads bent tower t the sea.
I'Iifs position permits easier md safer reaction ta en unexpected large wave
rolling to with a re v tnt»p. tide.

Nvt everythfrtg enact lie seem in a»e session, Gnee back agaitI and again
[n the same are:o. Visit the sante arid ricing]tb iring pools. '3'here fs eooLtgh
life end e '.ology in �3e paal work tv keep s class profitably accupte<l far

semester, even a whale > eez'

B and Leve 1 s.

The qvestians sTtil il.sta sheets gtven in this t,npir: are prepareil vt th
ol cled eletoent.az'y students. in m3 ctd. This f otal p! eeeritat. Leis  '.zn, be selected
fram ar><l reduced t. o whatever leve!, t s apprapria  '. For a given clos,c For
primary eh' ldre» nr any class heginning dt y RAND l lev�, minimel par� v<!s
af the svgg,ested aper;it tens may be takeit Far example, a young elias might
da only gross vbservatians, <witting camplec.eely the measuz'bing sad data evl-
lectiag. A half hoor vf Jvst sitting, a»d laakirtg by seali children might
be Followed by areal report irtg af "what ve s~ 3n aLtr paal", capped off wit.IL
the tellt»g c.f a sea s t ory ox of av vi!iieet HavaiieO. tale at the Sea

Tide Paal Zrtveecigatiaus,

BANDS 1 ~ 2,Problem 1, I'RELININARY  !flREHVATZOVi5 OF TIDE POO].g

A geTteral acquaiti ;i»c'e wrath the feat»res and thc life. 5» a tide paol
makes a goad iLt  rci<hic'tian ta  ide. poa3 work, both Far the younger chill 'ea
aha may not get tooch beyond simple abservhns, arid Ear the vJ te.r stu.dents
wtLa vill latr r perform mare soph leticated zeasureme»ts.

Aa iml!ortsnt pvlL>c. tn remember l» tide paal obcervatiart f~ tt>e  tmpgti-
en  speedy laok<'.rs see nay hir>p b»t empty +veer and a fcv sea weeds, The way
ta observe s tide pavt, t e tn "Iive" with it far a wlit le. Sit new  ice it
quiet]y arid watcit, Poke geo ly nod s lowly in Cl>e lieu ao3 t n c'.revices,
Laak f ar >mdk 1 things, llee a hand l<.tL8
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Is this ride pool high abave the vaves,ar 80vn on cl>e reef flat vbc'<e
vater fl avs In and out af f t?

Is thig tide paal big. ar little, deep ar shallower, warm oz' baal?'

VheL different kinds oE things are in t.his tidr peal~

Wha  are the: dif f~reot thir gs in  bis t f8e paal dofnp,Y

S~u ested Procedures,

M.~ke a preliminary survey ak  he crea before baaing out vith the class..
Chart the lacatf0~ af tide pools ta be studfe6 hy s urgent gz'pupa. Plan a
field trfp, either Short ot' Extended, Ear a periad af lov tide, a~ei~
observe ion vark ta the. atudrets by groups, using the problem quest.irma fn
the box, md/ar other quest,ines a@6 paints yau mich to give.

Hav Oruch detail and varfety the students vbserve during the Efrst hand
later repeeted, visite depends maetly ap haw lorg md, earefu] ly they }aak,
Try c.o push chem 3.Aca looking long enough ta get beya~d the Ealse premise
that "lhis tide paal does''t lieve anyt.hirig io it."

BAN'D 1 children may make aral departs. BAND 2 sod 3 students rem
begio the].r datebook recordings vith this first prablez, and later add
t~xzthez' data,

Frob]em 2. PHYSI 'A}. FEATURES OV TTDE P0ÃS BANDS 2 ~ 3

Mavledge of the physi.oal charac:teriat.f cs of a tide peal ie essential
� the u<>derstan4ing of the lLEe vhfch lives within i.5s physical conscraia.ts,
and limf tet fane,.

Hater f alS

� H:ernameC 'rs T oz' ak" ng terpemta ~s
-~i"-'t bo~p4 fey' h:!j.d"'ng darts~ ehseLe
� kptiwc k! 0 8 knives or ~wI ' [cate,~or pekt~ i~to . re-'ir.'.ep
-Trui,mrs ar ~ape mea~epe, pre~ pvabig me~~e

@hdtv are serac af the
be acasv.red include',

-5'leva . ion and/or discsnce Of paal fram veve break l ine  meaa
y paefa.g off, bv eye measurement, ar by a rape ar t.ape! .

 Cantfnued an next page!
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Problem&,'  c.ant inuP.g

-Shape and size of t ide paal  e. g, t'oimd, Dvel, i»ches ar f eet
across ~ deep hol e, s hal law, e   c !

� Type of marg,iu are«nd paal  smoath, f Le  rack? rugged ~ I apped
edgee.'? s aep sidee? !

-Depth of water in pea]  Plan how to measure pools of uuevP»
depth. Vil1 you measure deepest pert? average depth? othe r
i deas 7!

-Type of bat trna f,sand? oud. rock'  a her !
peraturPS Use thermvmetere and  ompare trope 'aC«res ak

AirJ ocka Near PoolWater

j us t. abave water of pools
just. above rocks
at rais t he i gti t'

reei>rding, t.rmperat«res, al&v record time of day, clovdi-
ar su»

inity end ather measurements can be t.akim» by claeees vf. li
i 1 ities to c.eke such data

S~ae s tr d P en r. e du rcr .

Diseuse the problem vith the <lees. Decide which measvremeats will be
ta|ce~ ~ by vham ~ and using which instrume» ts Divide into varking groups'

One syst.om is t.a assign owe group tv ear:h paal. Each group stays ar.
its assigned pool and makee all measurements and abservatio»s Far that
paal. Pavks are compared later sa that everyone receives an overall
v iev

Another syetCm iS ta aesipn cvee graup af S ucleate ta do orle Set af
jobe., P, g, one group d,vPS the thermomP.t.er +ark at e, 11 the paa le,
azlother does all the depth and. sL>e meaeuremenl,& ~ another eke ches
the animals in @11 the pools, etc. Znfor eat ion is sharPd later in
cless so that everyo»e receives a share af knovlerJse about each
aspect,

Theee  vo systeme. can be comhined, A st~tionary group can be assigned
ta each pool to dv al] the abeervat Iona except  hose requiring fhstrv-
meate. Special scudente can be aReigned tv move fram paar tv pool
equipped vith instruments  thermomemters, meter s  3 Cks, etc. !

The class ehould bp clem.r as ta vhCch dutiee each g,raup is responsible
for daring. the tz'ip A prelicaiuat'y duty is tv prepare a blank rJata sheet,

bottom of pool
euriace af paal
vading depth
ace alL

wet

da
fn

shade
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crit.t> ss f ittle help ae. paaeible fromm the t~aci er. Students +ha are»i>t yet
adept ot dcsfaeing Rata tables migs be shown the fallawia8 sample, This
sample ahold bc rnodf fied by the clue ar the  eacber te reflect the c?ass
plan can.cerning which data la expected tD be gathr.r d.

TABLE 1. PHYSICAl. FEATURES Or TIDE POOI,S AT
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The collected 3ata ca+ be dlacmsRed ia eanj unct ivy vtrh data collected
Ear the ne.xt prab lcm.
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AANDs 2, 3Problem 3. LIFE TN IHK I'1DE POOLS

1 erne. '

Vt>at dif forest Rinds af plant8 pre in this pvv! t valor, height,
"LeaE" t ype, dii..Acuity, paz'C ly in ar out af waCer, etc ~

Da the'- plants gz'ow all vver the pvol or in aa!y same ~!lacee ~ Wtifrh
pJ.aces?

Whar, if enything, dace the seo. weed cveCyfbute  a the ].lie aF the
paal~  bidirig, p?cree far aoimale, iaod far grazers!

What Elsh Live in this pval'7 size, polar, sligpe'?

Raw d.a the fish behaveY Ov they keep hM.d.c<i iri crevices, swim fe.st,
sv<e slackly, ! u.mp f rvra rock t v ror.k~

Wl>at "ei  irig still" aafteals live fn  his paar~ What are. their
kinds, ah ape e, riumbe rs?

What. Lives fn  he hatt am of the pvvL? If  t>ere is a m»ddy bat om,
what livt:s in the tnv3~ Can yo«see  r'!cke or hvles ia t.he. a<cd ar
sand. i» the ba .  om?

1ivee hjdden fn Lhe crevices af the: xork and amor p, the !ivld-
f aste af the e.ea weed?

'guest. fari far Evil ow-up d l scussian;

Cecnpare the paale abserved by Rif Eerea  groups a[ etvdents.

S~u estcd Procedures.

Plan  he field trip war% w'ith the students, selectiag questians From
the abvve list oE' invent. l ag others to be pots<ted in g,rmip aesigrimerits at
deei~ated pools.

Data siieets nrerJ. ta be prepared. «1>ead aE l.ime. If s vdents have
diEficvlty devising, a blank data sheet, the: foal lofti<>g table cart be modi-
fied ta f J.   the pujari of act.kaip. A separate t.able is needed f ar each
stnda<t . grau.p vr f ar each tide poo l ~

Elrmeri.tery eh' }dreri dv riot ordlrl,srfly know i he natee8. of algae, l.aver-
tebrat;es, aIId. Efgh f aunts ia tide pools. Neither do moat af ue tegichere,
This ie. aa,ly a teiaaY handicap. Sketclies end marJe-up namE & r:en servE Ear
temporary rE cognition. Eyee, ears, noesis, arid f fngere were ~ade long
befare baake whic!i carttafrt Lists vf scientific names.
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Obee:every gt. eb.ie paal are

~Folios-o Discossfop for Problems 2 sod 3.

Dfeelbfeeian of data vrl bvch the physical envfroament  Problem 2! and vE
the biota  Prvblem 3!, can be deme either while gathet'ed iv e. group ae the
begcb during an Extended, 5'1eld Trip, ar after retLLming to claas. Thc fall-
owingg quesCiens roay be gleeful irieoEar as tt~ey apply
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froblem l, Pb~efcel feetorco

-Hat featurf.s did all the t fde pools have. in cnamian?

-Fiat. vere some cf  lie biggcsK Viffererir PS or var leil fans araong the
t ice paals ~

-Bo yaw  hook a t fdic paal fa like a rain pcbddle fii the school y,lcd?
How or haw nv '7

�  ,'spare the: t.empera tv res af vaf e r, rack., sod air,
-Whet might cause the Mgher ot' !ower  eriiperaturCs «t diffcrooc.

placP.8?

-Etow might  he tempera xbre change it dif ferP.ot. t fmr rm 0 f day? WvulfJ.
yau predfct that the rocks, airb and vent.er wil1 coal ar heat the
q,;inie ama in  or at the mme ret.r dxo lng dif Eer en.t. hours of the day
nigh .? Raw cov
 van f f»d out?

P rgb I em 2. 1.3 f e

-Dfd yOvr paal coCbt'win mare plants or wore anfmv le?
-Hav de the tfdc pOO1 plan S iiiffer fz'Om land pl lets'  beany limu. erc

oat green; t.heir "leaves" are dl f ferent.,!
-C: an you  lifnk af arly «ses ar values lar the tfdo pool plant.s?  foal
f ot' people, f ood and hfdf cia places for tide pool anixialr,, !

-Vhat aniroalS ftf d yau. field fn y bu.< paal?  'Yoif mfght explain here that
anecgacbes are eri I mi 3 s. !

-ibex'e there ma»y ~riiznals of any arie kin4 Wlijoh kinds were mast.
abund ail t

-DirJ acby af thP aiiimals eime aut of t.he t fde pool?  The 1 i et le BleTi-
nies and Rock Skippets often gvfiip au.t, !

-Ba yov think yves mfseed seeing any vf the anfni;il<'7 i'The atv<lents
prabably miSsed abnut 9OZ nf  hem dLie tv 3nexperience iri observa ion,
the camouflage of che anfmals, and.  lief r abflh.ly to hide feb crevices, !

Dfecueetoo of Ecol obf col Date:~Com erteooo.

La bk for sets of dot.a +hi clb seem tv L err clat , Correlate. l vms arid cam-
per fsans bPecxee evfdL~t vhen da a fram indi vfdLcal groups are amalgo.-
mated fata crn b b fg chert.. flic f allowfag suggest tone may as~f st fn
h Li f ding L be oampar is oo e .

-Compare: the plan s, animals, and phys! ;8.1 characl.ez'ist.ies Df  lie
df Eferent pools,. In wha  ways vere ot1 the povlci alfkr 'i In what
ways dfd they dif kcr? F'an yaw aCcoLint fvz' the 1fkfiieSSes and d,iffer-
en.cc 8?

-Camp~re nmabez' of fish ~f th size of paal, depth, dfstance fraao lov
tide,   '.mperaturcs

-Campagne types an<i numbers of invf r eb 'aces viLli presence az' absence
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af sea veed, type af bottanr, size aL~J depth aE paar, dfafa»cc frorrr
law tide mark,

-Examine da�. far things w'hill> eeem cans f st.eight 1 y ta be f aund t.aget tenez'
sorh ae sea urchfns a»rJ, sea orchin hvlee, sea encumbers do4 sandy
bat tom, aLid other related set.s of data.

-Examine data far anfmdls vhfeh seem to live c:lace tagettLez' or in
b»nehee  e.g, bz'ttl3e stars! fh eo»erast with animals vhfch seem ta
ace@I only ane ar t.wv, here end there

-'!vie any deta whhet~ seem ta increaee ar decrease  o8erher, e. g,. the
higher abave the t fdr' Rial,e ~ the mare perlwh».k'les, ii this is the
r g8,e

-ask the etndehts hav many animals they sav in  he1 7 first arse mfnute
oE +atchfap, and ham many they eav efl.er qr~iet watching lo ' a lanp.
t fme.

-Ask.' If yars vere a tide pool eoimai, whist' animal vaold. you prefer
Ta be~ Why~

-Ask' ZE yao vere yaur favari e:  ice paal animal, which af the tide
peals ercarnined by th» elean vauId you chance ta 1fve fn~ Vtiy~

Specif fc tfrle paal anfmals vhfeh catch student. fatereet create: a pof»t
af doper' .ure far eraking a. epeafal study af thaae indfvidaal w>8eia! e. Hsny
 crrrrman tide pval Jainrals are tree[a t es separate  U~itr.e fn thie baak w! rb
prablnms end hsc.kgrau.nd f vr their special s t vcly

Dt er:ussian fs fvl] owed, ar accampa»%ed, by
f ? lus revert! natebaak repvets. See the PR X,KAli
s y les. Lees r xperfeneed etnden s even iE they
write less complete rr paz' .e until they have had
report vrit fag,

vrftten  J»d paeefb ly
MAN'L'AL f ar report'L»g,
are 3 n «pper classes, wl 1I
appartunf t.y to prentice
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3, TIK PQ0L tN THE clAssRoQM

f»C raduct ion..

~aterieLs.
I

rig@-ma'a~ ~arLa  UEa <ii,r aloe ba,".ea, g a" e ~v"'r q mz, a.,

-&up;.iy i, ea v >~~r
-~~<a pc:a  .~etc.z.c..'. ".;.",~a~ ed derog ~ prekim~rarp �'ic V. ee.p
-~ ar,J .',er ae- col' 4c'rdw'" me

I

8A5[5 2, 3

5o e detailed study vL me aspect. nf e t.ide paal.  see belaw ivy
examp les !

eRted procedu<+<.

Set vp E '«r pan aquaz'3 a, passible ave pan per student gr asap. See
Sect tan 1 ak  hte baak an  ! «t pan aqv;>ria. Na e whet is g~sM there
abaft evapvtatian f rvm f 1st pans, salfnity leve ls, t 1],tiog at pa»c,
and aeter lan Ervm +pen suri aces.

2. Preen ahsezvat [o»s made and knavledgr. gafned duetng field. Lx'<pR, se.lect
ciassrvcxm t.f de pavl study, 1't>e etude' r, ehauid have same id< as and

preferences fram  .heir fir Ld experf ence

CalEett ]ivfng materials trvm paais as needed, keeping, eanserv.titian
pcactieee fn mind. The callectfvii r: an be ma8e by stud.cot.s befar .
seboal or during a special St>art Field. 'J zip ta the: beach by  lie clear.
tn gather materials fvt' the classcciam set-v~! The sl.vdents vha mat»-
tain  he c lassrv~ study shan 1 4 da the:  ield calle.sting sa  hat they
can compare thefr cl ossraam cvLidit fans viLli the actual hebite , llse a
battery operated p~p dnci~g. transport af t.he. anfeals fram acean  a
c: 1 as s rvacn

3

A data sheet shaulrJ be desigL<erJ. and placed oext  v each clas' 'nnz tide
pvo] end fnf vfeztf an lagged fn it at each pez'l ad ai abse L vetian, l . e.
daily ar several   !mes per week.

5 The fels ovfng types a5 classracxs t f de paals ar others af yvvr awn
de<fpn migh  be set. up, dependfng iipan prefect'ence acLd vvsilebiil y af
~ster fa le

Rrf»g tag a bi  aE tide pva] back tv the classroom allaws fay mare
details.rJ abservat t nn and prolcrnRed dat 8 taking vf certain aspec:ts af chal,
<ac abservc:rJ fn the field. A cla8sracxm " ide paal" is r at a evbst t t.«te far
f feld vvrk Zt fs a f allav-up study,
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A Miniatin e Tide. Pa<il.

Gather fram a real  ide poal a lit.Cle bit. ai evil> kind af thing
favnrJ there, such as a small c]iimp af sea weerJ. ~ a small scavy af
battam cia[,ertii, a few hermit t. crabs., sheila, etc.

h Nba Battam Tlc.le Paal.b,

Col]er:t a fisc sc.oops af mud boetam and piic it in a classroom pan
covered by very sballvw' sea water,

I?ecb maturing, laak far tracks and bales Io the m id ar arel I as
actual anteater. Keep dat a orr kinds and populat iv<is, their sur-
vival ~ other cha<iges.

A 5e;< 'LJeed Tid,e: f'oal.

Cathe i' a eltmip cf sea weed f rara a reef tlat ~ transferring
qLiickly f ram its natural habit. at lTito a bucket before small ani-
mals halve e chance Co escape. Place the clump with its inhabt-
teats ln a i'leseraam pa» barely chavez'eel with sea water.

Take daily data an klnrJ.s, n embers, a»d behevivr  if vhatever lives
in dna' araLind the a lump.

~AVarle aced Ci~r>room Tide Ppr'I.

Set up v very large bvt ehallav classroom t. Lde pool covering the
tap of an entire tible.  Use i plastic shower curtain,  o Line a
large flat eardbaard, bouc t.a gvi a large fla  pool. ! In it. p«t a
vJr3 et.y at hab i t its, eucb a.s clumps cf gee weed in etc corner,
racks p Laced here and there, saildy hot taro in «ae place, mud tn
a»vther, and sv m. Besides keeping the water ehellaw, a f ew air
atones ca» be added, a,t'tfu.liy biddle»  inder stv>le+

Rave t.he students, v3 th help af a 't>and lens, make sketches af ~11
 he cony aniraa J.s they can f 1 nd in the paa] Since neer Jatmels
kec~! e.revlfng, anal. of the racks and sea weed,  hie may take days
ar eveii weeks. One pllvt teacher had her Eaurth g,t'a Jere take
thei t' sketches hame ta ask paz'ental help vi th ident ffica hoii
This gvnex'iced considerable interest hoth during and aEter actinol.

A. One-Rack Tfde Peal,

Set up a gligs gallon jar or e amah,] aq«arium v1 th a bare baL oui ~
clear sea water, and an airline, possibly one ar tea aI rscones
anchored near the rvc.k after f t is instelled,

Observe tier these f fhd hf ding places and select Eao<1 fram day t a
day, ha+ they sarvive, and bnv they establish «3 n-haiise" relat< on-
ships ~
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Pfok up a sToal] corel head ar
other tock frora. undemater an
t.he: teeE flat strd place it
fcamediately in. a bucket t!  sea
watez' t!efare say aalgals have
an appartuL!icy to run aut,
Trarl&part ta the classroom
usfnp. a bat.te~'-<operated peep.

smal L

Rat,~blie.h the cock ia the
classroom coatait!er a»rt. watch
daily for vhac comes out.
Keep data. Nake sketches.
Feed and, aet'ate as dicteced by
the ~aeure af the beasts which
etoerga. 'Trans Eer animals as
c]es f red, en@ by one eo the
regula,r classram aquarium.

ad

'Further Zde.as Ear Claesrcvm 'Tide Paol itu4ies.

Each etud~it, group may se.t vp a small clgzsraoe! tide pool oE the eaax.
type. bvt each luxated, in e differ'e»t part of t.he t'corn in dif fere»t
clegrees af light Compare uffec.ts of dfffexe~ces it! light n~ s»rvival
and bshe.vfar.

Each st«der!e group may set up a classrnae tid» pool under the same
conditions aE ltshe, temperatut'e, etc. but each cot!tat»ing di fferet!e
papuldt.ioas af at!i@ale Note vbich animals thrive and vhf ch dc r>vc
voder similar conditions.

Each student grvup may set up ciassraom t fde pools heving I.he. sorae papLL-
lations but 8t di EEereat, depths of meter ~ sizes af pa»s ~ and other
physical differences Check off e.c . nf greater ar less space an. 1!ehavior
and survf vs]. af populetit!L>s

Canc ius f &!

At the end ot the c.lassraujm tide poa3. st.ud,y, s»rviving antmals. shauld
be returned tv the see.

Stude»t z'epnrte shvulrJ be made fn ttoCebooks shouting. e tatement vf pro-
blem, c.c!nditions vf a»d methods vt study, dal.a ~ sketches, a»d c on.clue fans.,

lwter tapics ia this bavk give prablem8 at!d suggest. ie»s Ear fnvest.3.g1t-
ft!g, same specific tide pvol animals such as hermit c.t'ass ~ perfwial<Jea, and
many aehere.
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cRABs AND SHRIMP

Introduction.

Crabs are pne ol the mre active intertidal animals, Clat vau.ld the
seaehare be vithouc crabs scurrying aver rocks, sc.reaking across sandy
beachee, az' ecu.l ling near z'iver rapuths~ Cz'aba along the sharc line are
varied, abundant ~ and active, quellt gaea which mak» Chem appealing l.v ypung-
ntarB,

Nct all pf the field and c lassroam probIems in this topic can., ar even
shavld be peeved ih one year. The simpler ones  BAYD l! can be dvn» by
yaunger children ar by alder ones during their first year vf exposure ta
Reef and Share activities. The mare camplez prab leme ~ especially  hose-
marked, far EAND 3, ar~ evitable to upper elementary claaseS after the at.v-
denCs have had, vne gr mare years vf previous experience:e vfth Rer E and Share
invest Lg.at f nn.a..

Teacher Ba&. mund Informal.iarl-

 '.ribs, shz'imp, ared their kin have a crusty, segmented skin «nd fainted
legs. They populate I.he ocean. arith a diversity af calvra, sizes, and
fun@: t i ans .

Despite came ezceptians, true crabs are stuart, vide, an6 flattened
tap ta bat tarn Shrimp are long, narraw, and flattened side ta side. This
basic difference in body plan ie due in large par[, to the presence or rednc-
tian of a t.ail, ar mare pt'aperly, an abdvmen�, Crabs ex'e "short-teiledn and
vhat abdomen they 4o have usually ! e flexed under their head.-chest They
a isa have sh ar t, s t ubby an t eocene, aa appased c n th e lang, gr a c' e f nl an t. carlo e:
ai shrimp. Generally, crabs walk  usually a idevays !, vh tie ahriman swim.

Although the etudents may  lnd 8 c rab fram any nf the fami lies af
crabs, svae crabs are mare: likely ta be found than a hers These are. the
rack ~ svimming, g,hvst, and male crabs

Rack Crabs. Family' .Crapsidae  grip' aK dK!,
Squarish "baeke"; eyes nn short stalks @ear
two  x'anC "corners", lat'ge spac.e between eye-
sta.1k'; pointed legs; flattened bacty and J,ess;
dark co?er. Found an racks, hi8b t Me zone.

«" Crabs and Shrimp " vas developed ~ written and field tested by
Ba rbara S . Cu lliney .
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Rriemin Crabe. 'Family' ,Partvaidae
 pct C5a' n de!. Fifth pair af lege heR
lag.t eeyuch<'.ot f la tenerJ Crd eerVe ss a ewim-
mirdg, paddle; vfderdvf't "back", aftra termi-
na iag lat.equally in. a paint. several
apecfug afte>l Eaund. eviamihg. near the
muff the vf e treamR; other apeGiee may bletld
in, anrJ. be parti aliy bv.ried in cavd cdr aud.

Ghost at Sarfd Crabs, Family:
i

e:yea oa fang, st.alksp vith spall apace
bet.veen them. Found vn sandy beaches
abnve vrovee; in. deep burrovg vr ei<nafng
fast over beach,

Mole C;rabe ar Sand "'Tfirtles".
PePerfamfly: flfPPfdea  h~Pedr e' a!. Nor

"Tx'fpp' Crab" ', bcd,y rounded p rancher f tie.n
fla.tten~ed tcp cv bot[.om; L.cog, feathery
ardt.Cardae, FaunrJ in. surf zarue af early
beachog; may be eeet in I.imee mlgratins, en
mar,ee ta st.ay in surf ag tile ebbs arLd
f load.s The Havaila.o male crab d,iag,raaeed
hera fr ~Hi a pard f fee.

black-f La ered Crabe., Faraily
XanChidae  zan ' Ch d4! "Finger" c f
c!av uev8lly calared black pr dusky;
rvuhdieh "hackS"  sa e cfire types ca i led
"pebble crabs"'t; pvinted lege., cho~ky,
hef ty bcf'ty. Variaue tiebitets: macy
k fnd.r, f cdvnd j.n and among branching
cvrale; vcher kinds alonp tvcky ehoree
at lnfv tid.v, 'cdk tea faon8 in ea~ area
as rack rxabs.p bot Xaethida usually
faunrt. undez' racks,

Mwaii N,>tfpre Stud.y Pard feet
Re:e. f ardd Shv rd'.
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S ider Crabs. Superfamily: Qxyrhyncba
 ox' 5 r n' !d.!, Trlaeg,ular "bat.k", lang
legs sad small body gives. a spMer-like
appeararlee; c.ur led or hanked bait'e op back
u.eel to hald an ta sea vee4 ~ etc. to dis-
guise Itself, so aft''e called "rJCearatnr",
«masking", «sea weed.", ar «canna.flage«
crabs, 'Found io limv. na reef; any he
washed ashare ia the midst af the lieu,

Bax Crabs., Family: Calappfdae  kh 15p' 3 45! ~
Crabs "clos» up" 1fke a bax vhen disturbed;
outcr Pdp,e af back hos a oarrnw etielf that
hides legs when they are held tightly un,4er-
neath; claws are medified, to Eit snuggly
against the c.rab's f ave, F'nuked irr sandy areas,
iLi water.

CKA57 OR SAND C3448$  OCVPODIDAE!

Iatraductlm,

Who ELlkes th ace hales and c vn ae le or sandy b ea thee', Two spec: dies a f
shy crabs komvn as sand nr ghne.t crebs, tha 's wt>a, They are called, ghost
crabs because they are more commonly ave a.t night ~ and because ai>e species
i~ particular is pal» and very dif Eicult ta see against the sand.

Because aE their vblqvitnus presence an all Havgiiaa beaches, sand ar
ghost. crabs make a gand point af in z'advet. no inta the crab world

BANDS 1, 2, 3Prnhlem 1, NYSTbhV BFACH HOLES

This fe a tapic Eo purs~ during. a field trip to the beach. Zt can
begin witt> so examioetinri of thasc mvlt it�«dimness hales in the sand ef al 1
types, sizes, and origins,

The problem questinns given belmr, seemiosiy addressed ta stvdChts,
actually nCC4 tn be adapted by thc teacher ta fit the sitvaCiae at hand.
Same: questinra may be aske:d at the beginning. aE the fl.eld lee.san. Then
give time ta make observations and draw inferences which can ?earJ. <ntp
Evrther questions. Hot a11 the questions lfeted herc need be used. On Lhc
other hami, students may ask useful questions ~at anticipated, here
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Problems:

Natj,ce the bales in the sand oE the beach. How da y yo suppoee these:
myatez'in~ holes were made, Va yav. thihk scHE2 'pprsQTI poked. a stick
in the sand7 Cavldl the waves have marie them? 13a yav think maybe an
animal dvp. them~ Are there any traCks ar other clnes armand the
hales ta help yvii Earmvlate an hypothesis?' Keep yaar hypathi'.sis in
mind as yaa consider the fallowing qLLestkans.

hre maSt Of  he hale8 claeP ta the Sea watery ol far uP in thC uPPer
beati' zone? Haw ca.n yau a.ccuratelv fLA4 out?

Which directian dv the holes face? Can yan think of a reason tar
t.hie. t

Raw rrJ,Re. are these hales~ ~re the big ones ar the small ones
claseet ta the eaves't

Are there piles of sand, iiear ttie hales'7 If these mounds haven' t
been d,i.storbed,, c.sn yeti determine if they have df Eferm,t. e.hapes? Da
large: hales have 3]EEereL>tly shaped maxlnds than aan6 piled near sea'3l
t>p 1 es?

Laak i nside tbe hales. Wt>at daes the  i<nnel look like? Does it sc .m
io ho scr~ai hr love eh*rpiy" Or .doss ir esse ro curve io ooe etde
and go dawn g,radually7 Da small hales seem to have aae kind nf tun-
nel and lat'ge holes anatl>er, 'J'ry digging crp diff p rent hinds af Con-
nels vlrh your hands,' pa slwly an8 carel'ally, ta see what 'kind af
paths they make as tbey pa dawn,

Sit dawn abaft lp yards tar metere.! avsy fram the waves' edge, Be
v' ery quiet ancJ motionless, and watch thp bales, If yvix are qiiiet,
something @till came ant of thc holes, 'Whel. is it? What do they da?
bl'ave yavr arms', nay whet da they dv?

Ha+ can yan get aae of these: animals far a clvser lovk at it? Ca
yau dig. I  ~p? Can yau catch !t? Cap yau. trap L ~

~Su ested Procedures.

Pertiape. the hales will abviausly be mare n~eraus in one par  nf the
beach than another. On the other hand,, perhapS they will 8Oem tv be
evenly distributed. ln order ta get an ace~rate picture af where the
hales are  and consequently, >chere ghost crabs live!, studcnte. may
evsgeat coenting. the tralee.. Help them dp c.ide aa y, standard area in
which Ca caught all hales,

Far example., yan msy orant ta pace off gn ax'ea rnnning along the beach
 say four "teacher's pace8 vide! and t.xtendinp. all the way inian3 tappthe trees an.d sht'its, ar ta whe.re the last haIe i.s  say, 25 telic.her s
paces" 4eep!, Div3.cue the strip by pecing. aff the length ipta fis'e.
"t ea c he r ' s p aces" snb sec t ians ~ I ike s a:
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Vav may ~a»  to designate several such areas an thr beg<'h, arid <lfv34e
the class fn.ta gratias, each one respv»aiba.e foe i«>voting livl<.s .end
repvrtf ng x esv / ts. Thu students cao the» average the fr f iodings,ILid
perhaps drav. np a g,raph whr rI tl>ey re «rn ta class What cv»r lusiaris
can be drawn a.', ta where ghost cx'alia like  v 1fve bes ?  This qves-
tian is more camplc.x than ls iodica ed here beeawse there are tea
spar fes af bhaar crab, livfng in dff Eercnt pares af  ha beach, perhaps
stodunl e vill discover t.hl8 fram their sampli»p.; perhaps they wilL 8 .t

"bimadal LIistribvt !vie", one wi th twa areas of high numbez's of hales,
arie ] o the upp<'r beach, the other f n the lmer beach. ! Far upper ] evel
studerit.s ~ iln.ta an sa»d crab popoIat fons eon be dev<laped fu a a farmal
sc i citif f c repvr c.

Sand c.-labs spend, rnvs  nE theix' t mme an. land, returriing  o tire sea
accaS tonal' y  v revet their Sf t ls, a»d far repraduc   l ve. purposes.

&n.c.e it is m.sde, a ghat  c.rab tenChs ta keep ta hie awe burrow, rc.tu.ro-
ieg ta L  from E fve  v le». yards away when alarmed. He may gvard hie burrv~-
aga ioet crab io r«dIers.

Burrows are comet fInes d ..e.per thari f i»r Eeet, br 1»R, dug, as deep as
necessary to reach sIolst sand, if a ghost crab starts the eritrgoce af his
turI»cl at a very high tide local ion, he has v long way  v dig!

A mature male @hast cz'ab'8 tunnel can be dfstf»gulklIed fram thve '. of
feIaales a»cl !uverif les, Ft rat ak all, the pfle vf sand outside of e male's
tunnel is large and c:ames ta a peak, l'look[»p, davri alang r.l>e share,  hey
resemible an, encampment vf t epees! ! perhaps thesr lii gh, peaked s and piles
hei~i at trac.t females to the mal< s ' burr~s dwrkng, mating eeasrin. 1'he
opeufng  v tbe Inatuxe maje 's tunnel ie qiifte large, sod, loakins inside,
t.he f.«e»el veers tv ave sfde ac i t. descea36 If you  T'ace f t f ur ther, f c
caritiovce to curve cvrksrrev-fashivn, ~ termini .log io mais  .",and. On th»
other hand,, a Juvenile ar Fc.male t.uorIcl is marked by a rounded moI.iod af
sand,' f Cs apeuing / s small., and f I. drops ratller steeply straight. daprrl.,

Sfricc the -rabc borrow vfch the i r 'barges  ries- dire'Cted toward the burrv%'
entrance, yau can. deterrn/oe whether a crab is rfght- or lef t-ha»ded by lvvkfnp,
at the diroet fan af spiraling oF the bv.rraw. Zf a burrav spfra3.s d~o taward,
the left, the Large cIaw is an the' lef t. e fde nf the crab that 3«g the burrow.

There a re two spec ies of ghcist crabs io Hara 1 < one  ~Or. yade laev i s! is
small, has yellav c.yes with brawn a» top, and. perierally lives c Loser ta the
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grassy.s n=ic> I>ural-ea he othe. r:.;IieL ice LGo~vade errata ihr.lullmus! i e 1 a! ger, has
perp] 1 eh-'brcwrI eyes «nrJ Iuirl y, «oc' tends ta Li ve c loser to the share. The iarget.
eaec iaa is eas i  r I o catch, be.'c-Ios< I '. wendera:ar ther t rom i s bur'z'vw, litic
is hardi r to keep aiivc I.cc'»>.-'< i c 's car~ ap   o I lphr «Iul <lamape itself.

RANDY 1, 2, 3Problem r, I'.AY .H:NG ',.EUST Ch.hh~

The paiTIt vI lhasa activity  bc.;lilr.e heing lats c'. Lu<!! Ls io iieet.zing.
numbez' o I epr oimens f or close r «heervat.iar;.

Ksteriais.

:.v'~. ~J' '!I''I::
:7 r..!J";.Igf':,'! , 2".,;!l'".8 . ':c<' '!'! d.'i'.  R"- >e L '>~','

?rabic.~'-

Cat c'i acme phas t c r .;;Irked i.rumba.

~So c.ared Procedures,

4~ I c:hi og e a TId ~ r e b.'.; t;ik e a same da irI g, c. v i'.c! g.i ve n. the advao t. ages
o lnIble feet aTIrl hac da The stoduTII..- ~i'~y h.~ve ideas an hv  v gee .~ ghost
c,rab I rom the ir awr. bca,-h exI«~r i c ixcee. '. t  hc v Iie .d some ideas, you miIthI.
WaI>t ta Suggeet Vn . of ti>eae;

2. ~Di iTI~ Crabs. Same. gtiaet crab burrows are q«i e ehallaw; oh5']drea.
h«ildirIg sa«<l;;>e c 1 es s mc.  imc...; ~ »«i~ver them,

A crab a  I,he l~oLtam a. 'its b«rrnv may be diggiTIg it'.a hale deeper as
f jIeh ae you Can clip wl tn yaur han.rJ.S, SO, you may Went ta dig qiihnkly
usted, z shave i, I f tire nraae s ill gc [ away, yau, may want. [0 try this
method. 0ue e C uderIe digs with d shrivel, piling t.tie egad ia a bar.
siev< Ice 1 d by arIe ar I, wv other etodIen. s, Vllese student.s c;hv«le/ shake
the sand Ltiyoiigh the sieve, f'erhzpz several o h ..r atm3ents cauld. help
l.hc. sieving prar e'e hy pouring sea v.uter fram 'bucke s g .n t ty through

~Catchj.n f,.'r01 s 1 v
II I ght but yau cil;1
trip. They me@ be
hydra isa much as
mat.ianlr.s" «!c.il a

ca ch it with a oe

hale. 5c.' q« l i k!

HanG ar ~4r I, i c ie easier ta col lect ghost. crabe at.
nI l ease try ca chlTIp, chc=m during a day ime c 1< l d
ditticul   i> c;inoh because they at'u such fast rua-

,6 ra«tera per second, oa' 10 mphl!. Try awaiting
crab has w,intel<.red away tram i s tLaie:, Try and

Maylic..~ parL-n.er can bloik L-he crab'e pa h  c ic.e
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slcvo, Despite your beet efforts, sometim»s a ctab may Cacape out
aharher entrance!

BOX SLEEVE

her dva

an siiies

3, Tra~iag Crabs. Baited trape. that require samcanc.' to be present
nat seem ta vork, ar a,  J.east c.be.y may Cake eo lang to vark ae ta be
impract Ical, But perhaps students can locate an are:a ~here there
seems to be a lot af ghos  crab8  t e-, a lat of hales!, dig a hale,
bury a bxickcC or large can LLp to ite brim, bail. i   p»rhaps with
freshly apened. clam oc cavs8ol! ~ sad leave it alone far a halE-hoor or
ea. Presumably. ai>y ghost crabs that get inta the bock»t @rill no< be.
gh le ta get. out ~

BAMM !, 2, 3Problem 3, 088ERVING SARD CRABS IN THE CLASSROON

The fhrsC !ob fn the e?assraam is t.o malntdfLi che. crabs adeq,uarely.
A decieian by the a.tureen 8 aTl ha+ to hanee end care far the ct'abs. eon c'on-
e itvCO tile firSC pare of the leesan.

Materials,

'8~ s%2g' gkjlgt ~>ha
-A Pig, &e[ a~rztairl88  8, g,, p.A8.,"' <" aF ~, ai.~~r.'~ FCQG~".%�

r , 65 '., !
-8A'~

-"ev

-Sa;i .'rr, ar p.'.~at-a �'~' Lap,,<nr m.,c-r rgb,<era

This problem entai16 brihgfTlp, some crabs, preEerably a few smail. anent
cavgts  8t the beech, back ta the claastaom far c]oner obeervatfon of their
avataay and behavior, Ghost, ct'ab9, psrtinolarly the larger oE  h»  wa
speciee ~  end tO marti]ate each other vhen can incd COge.Cher in a small
space. Therefore, it vauld, probably be hest ta carry anly one p»r bvaki't
back   o  lie: classroom. Take same sandy and s»a va.ti'r tn its ann container.
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Prob lems;

Ha us Lilg, '

found? In  lie +at er ar in 'Lhv 8 v»d.

'Would it. he better  a put the ghas  «r~sb C» a mast.ly w'eterne p 1 ac':e,
like an. aqvn t'L-.ie, ar in mvs  ly a sandy place..

l:nod;

What dif t,< rc'.n.t things vanld, you try t.a '«Ld, [he ghost crab'l Wt>a 
dvv.", ~r. Like best? I]m- goes the ghost arab eat"

>low da you suppoee a ghast crab breathes'l Dv yvll think it needs
wal. er to breathe l Sac.'. what happy ns l f you put a li   l  saucer,
or plaa C C. ! ar top, f i lied with sea wet er $» the sand. Does Louie
r.rab use this wa e'r?

C;rab Catmoun,ical t on '-

See i f yau can find a ridge vf 3 it.tie bumps  in the inside. of a»<'. v 
 he i'.Laws. Claser � the body on  he same clamp can ! ou find a
knob? Nial wo»ld happen f i the crab rubbL'd. l he ridge aver Lhe
kncib? 'a'hat. happ '.cia when yau rut > hair otvab over a k»ob, or some-
thing, c lee hard, like.  he edRe ai a  able? What cauld L'»is Yhgge-
arL~i-knab sys ev te us,ed for, lL yaw find a deed shoat arab, ar an
a?d ski» fnoL t.!, rub  he. t'< ripe an th» «I»» against the knvb, Whse
9 'I rt of sound does L t make? I t yvv have a magnif y lab g1 ass, what
daes  he. r idge Zaak like~ Az'e there many parts to it? Canld  hi'
c.rab make mare  han o»e kind of aoonrl? L'lo bath male a<>rJ female
ghost crabs have this ridge.-»c3-knob system? 4fliy might crabs make.
eouads?  warning v  territorial 1 [rr i t e, Toatin,g call!

C; rab Beh av i or;

Haw da ghosL < rn.bs behave  weird one another r 7 hre they friendly~
aggre8.c3 ve? mawerr vt «re anaeher? Da phost arabs spend mvet nf
their time s L«i.'ping or resting, «r do they rull arvvr il a I ot? How
dv  hey move quickly? s l owly? +L li '.e rks, stops, and std r c?
smoothly 7 chal alee da ghost or gabe do?

3r.art with a fatz'ly big, deep;:o»t miner  e,g, »ew.~elean plastic dtsh
pan, ar transparent plas ic box! with a layer of vet. sand la the hot.tam,
Place. a chal]av conr.,liner at sea >el'er f lush vl h l'lie sand. sa that  li> i rab
@an. revet. its gl ! ls fram time ta time. This water vile. need tv be emptied
and, refiI.led usually every day  maybe it can ga Y 'Lilay to Monday wf hest
change!  v 'keea the righ  depree af cleanly»ebs and ealinl  y P«t a tap
ac rose the contains'.z', t o keep the L z'~ib 's enviranzec>r. bifid, bee Leave. 5 t
slightly ajar t.o allow tor some aeratian.
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Ghos t crabs hate wicle Food preferences, beirip, bath scavengers and
hvoreyg in their natural habitat. Yau mf ght try f e»ding th»z p J. cea vf
f ish, Oruesel, ar hacaborger, Try  he: p1 EE bvgs dorJ. freeness that students
cate gathe:y iindeeieach rook~ io the sehaal yard.

Standi'.cLL nvLebovk vein>y92 g oo sgod. crab observaeiaris cauld include a
oumber af student diaprams as veil as recordings af observed b '.hav3 vr,

A ghost crab can make a "filfrig, creaking, ar buzz fog" sound when
it rube a ridge «o  he losirJe nf m>e  'law against a burap ocL the
s arae e b'av.

Ptas lean 4 bhi5Y CHOCT'  ;RARC B ANDS 2., 3

Thie in.vestigatian. is best done at the beach, prabably by the alder
s uderi s.

Materiale.

-8c<i o,~ se~ ~ vrlez

 cant d an, ncx  page!

Ptl>ey qlysgrqam ectivf ties vith sand crabs entaf1 observing th» parts
of their bodies and die icLguiehhng Wa?eS f rails Females. Body p~res of crabs
are dec,nyibed. under "Rack Crabs" sod "Svfmmiag Crabs" but can b» used. herC
vit h san d c rabs also,



HavaiJ. Natvre Study Pragect
Reef and Share

80

e;  gant'd!

ig I  up  '.arefuily. Lavk fat' something that Lvoks like a small
3 8-incri diaroeter ar smaller! pebble.. Lt reay he bluish.

Tf va« find.  hie "pebble", put lt i» a bnvl of see vater, Wbal. hap-
pen>? teak caref ully,' +hat. dn ya« think this "pebbl e" really is '?

~Sii ested Prac dure'.<

Help the s.tudeocs laak far hales vtrh tiny balls af sand riever c4em,
and at.hc'.z' s i g»s af crab act cavity

OF che cva species vE ghost. crab, the larger has a let.e-stage larva
t.hat is bluish,

See Te1  her BackgraLLnd an Crab an.d Shrimp Yarn@ fv c m ice fn format.ian,

St«d,e.a  natebaake might. rufle.c  st«den.t abeervat icons, opt»iona, ~r
wtiacever data was collected abaut Juvenile Sand crabs..

V,0<X Cl ABS  GRAPSZDaZ!

Tn.t.rod«ct fan.

Grepsid crabs are isa»ally facund scuz'ruing over racks in the upper
t fdal roTLe., 'They are cavered by  he tide an ly accasivrlal ly When chased,
they hide under roc'ks. Their tie  eoe6 bodies arid legs hr Lp l.hera el'o«ch
ag«nest the racks ta wit.ti.ir «od the farce. af splash iog vavee . Thie body
shape alsv ac<as helpfu.l when they edge under very narra' spa.aes het.veen
rvcks, nr between racks u»d gravel.

Rcick crabe err e car>lenient graup by v!i$ c.h co get inta a stu.dy of
crab behaviar Oo<l anacamy. Rack c rabs are relet.ively eeey  o c;<tch; they
az'e p] ent.if ol ea t.here «re ena«gh ta dis rlbute among, the st.«dc.nl.s.,
their c Laws a t'e nat as ear eaa  aa other kinds I

BAND6 1, 2, 3Pyahl em 5. CRAl3S ON Tk'F. RQCI|.S  Fill,d W»rk!

The quest iane I» this prablem are i» te»c'.ed ta drew a  e».t f on ca rack
crab hab i.t at.s, behaviar, aLid caen«Elage in t.hei c oatiLral erivizonmenl., 1't>e
q«eecians given here cari be discussed a$th ar given ta I.he student.s bef are
gaing aa a field trip, ar the teacher can sit mi the reeks vich thr stu-
de<Cs and generate qve8tirins similar  a these as event.s dicta[.c..
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amino the black leva racks slang s sl>ore],ine area ta laak far
bs. Sit quietly an  he racka fust abave reach of the ~aves «rrd
ch Ear them, Where da the crabs hid.e~ liow ],erg, ~lace it take
m ta venture out aft. 'r your «rrivsl frightened them a@ray?

many crabs seem � ocr'.Lrpy the aarrre hole or crevice or do they
h 1J.ve atrvrre~

~'hen  hc'.y do came aut. vf hic3< ng, where da they go~ W/isa do they da?
liow da they move~

Of wliat benefit t.a the crabs mightVhat colors are: cire l"ack erebus. I

their cv lo r b e?

llrm far abave ar below  he eater arrd the tide llr>c cher ttiey s,eem ta

liveY

If students are ta be successful in dain@ f ield abserva ivr>s crf rock
c ralia they wi li have Lv be. convinced t.a aft very qul e ly for a re let.ively
lang period and va .eh Depending on  he: class scrd the lacstian af  he
sctiool ~ this cauld possibly become s hamewarL assigrime:n t f or over e week-
en.d .

Observat I vrre can. be giverr emphasis 5!' having the etudeat.e rcpvr 
orally, by hsvirrg them make a bv],3etirr board displav or mural of rack crab
habitat e with crabs visible, ar by individua], ncrrebaak reparte.

To t ra>i.sl!ort rock crabs back ca rhe c.laaeraam, put enough eater icr s
bvrkeC ta c:arne mid-way vp the rrab, they da Tr iL»earl ter be irmrrereed in
water, I  ~au]d be a paad idea  o bring same extra ses vs er tn another
bucket; this can be uee4 ra set up crab  raye Lrr the classroom.

c rapeid crabs norras].ly pic k algae of f  he rocks they live amor g.
Gather epee nf these racks «rrrJ. transport tbez back   i  he r. Isaaraacr in a
rrMiat bag eepara ely frere the crabs, L>l thea way, the racks wilL nv  roll
aver the c E'alia, poesibly darmagiag, them, during the rLde back t.o e.chaal.

A sequel  o thee, problem is. ta catch a number af rack crabs Ear close.z'
obeervatiari in the c Lass roorrr. With pat ience acLd a 15 ttl e speed, tbie can
be dane by ]raocl Since the rock c rab pine.era are relst ivr ly harm] ewe ~ the
crabs can. be grabbed prltlso«t fear an.d quickly ]ivppr'.il 3crto a mesh bag ar
cavered bucko ,
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Labarer.harv Maintenance'.

Althaugh r'nc:k crabs neo be. kept
in the rcgv.lar elase mam aqu~erima, lo
the lz' natural habit al. they are. nat
informally «ader wet'er 'ar Long per lOcls.
Thez'efare, f  wauld be hetter  a set
thecal op In pans sL'nilar tv thaee
described fox' hermit   rabs. pans
;iiaa elbow far bi t ter abet'. vatirrn af
the i rabs' l»rlividoe j, and sac ] al
behaviv r.-

pan

Put the chal e pen 3.n a stacking, ar cover it Ir same v  uer nan-alr-
t ight. way, «[l>erwis», the crabs may cscvI.'a and,]Is 'n sums ~.axncr vl the
c: l ass rgnBL.

Sime specimens ce» t~e kep  In smell, plastic glasses vr glass
Crabs in g'3 asses r On be passed easily fracas s[lldent tv atudec.r Lcll' observa-
tions, Plast..ic bags f I] led wit.l". eea wa er migh  m;>ke gvvrJ viewing r vn-
 ainers ej though  ILe rrebs ' pointr d J eye may pneeibly I»cincture  he ples ic:

863 D5 '1, 2.,
Prab'! em 6, F;RAB SPEZll

Crab races can be held wirh primary student e as a fv» p.me, er d with
aide r etudente In ramb Isation air.h a  oaths.nv!ties J.c..sean, Bv h Yn..k c reb"

send vr ghast c tabs nake t oad "c.-e> testent..;" f ar tt. I e aLt ivi y Swim-
ming   rabs «an al ea b  need,

Met v r I'>1 s.

Prvti! ems

Cen yvv. think vt a way 92 n measure'e haw Feet a crab maven,

Rav f as,t d.a c reba run ~ ttow tart dc they run camp;>red  v tee?

Wlxere vr tnverd whn.t da crumbs ruLi~

ti~' cIa Lhey behave: when  bey arrive at t.hc waters ' c.i!ge?

Grape f <I crabs nre usoe J 1 y amn fvvrnus, ]3eaines ee  fag the alga 1 f ilm
an racke, they may retch eae11 ar llllrt eninv'la, tv n their ve> kind, pe  i-
cv3 g.rty ii they are c.- rawded i vgether, In aor c..sperience tlxey did. n ic. seem
to liki x">w fish,
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~Su ected Peocedv.ree..

Students may have Ideas vA hm ta measure e crab's rate of movem.ent in
get ting gray. Help  hera. realize they w1 11 need ta estebllgti storting. and
ending poio &,

A "t'ace rauxse" might be constructed by 3 ayfng aut co».centria circlee
af gt.ring on a emov h area af beach wf th chiidrva 8 t Ot ianed at Int.ervdls t.o
oihaerve and time the "contestants«. Racks m!ght he used es obstaa?es, as
crab "goals", ae ett taetim. centers, f ar cxabs sr «kf»g shelter, or es
anchare far tlia st.ring,

-  r;ili released
he r<

.". t ring

If move than ane crab ia raced, yau cavld. measvrr  he: rate af each and
get ao average, Are males or feme]ea faster', '4laybe yau. wauld alsv aa»t
ta mvasu.te each crab acrvag the back ta se:e. if smaller or b! g,ger agree move
Easter.

One author calrulatee sand, c cob speed to br «bo«t. l. 6 coetcrs pet
seco«d Hnw do his resvt.ts compare arith ymira 7 Hov does  his campare vlth
rack crebe'F

Ta cvmpa.i'e o arab's speed  n the etudents', ozark out a race  ovrse and
time several stu4e«ts ' ruhAiag speed. Calculate in meters v z' Eeet per
seaend tn cmapare with crab speed cole«leted in the: @erne Unf.te.

Zf a human pergaa a«d a crab eve at similer speeds, is it "haz'Jet'« far
the human. being. ta da this, ar far the crab~ What da you A<'.ed tn consider
ta aoscrer this qve8t I.e> ~ Whf.ch animal I s heavt.er~ Ãi ch animal ore'ds t o

The etarl. in'. paint ie vhexa the arab ie
 he ed.ge af the ver.et' ar any landmark on t.he
place at z/>f c.h the crab c rag gea the e.t ring.
I.he gtarting and e«4 paints. This dig Lance,
the creb t<i travel it, is  .he rate,

Jet gn. The end pvi»  can he
beech svch aa a rock ox  he
Masv.r e the dist ance between
divt.dud by the time it   ates
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t.ak» ooze steps tU cover tile e.arae: distance~ This ia a difficiilt quvstim.
tv answer ~ even f.cr research sc ieotieta, hu.t thlgking and wondering a]>nu.t
it help~ os appreciate crabs and other aoizoals

Prablnn 7. APPEARANCE AgD FART' O'F A  ;Eh' BANDS I, 2, 3

Observations. an Grapsid crabs  .aptox'ed fram reeky shcreiknea es
cate:rJ; f az thi s pzab lee apply to crabs generally Rack crabs are avg,g,est.cd
Ear appearance and behaviar stu.dies. because of thelz' abundance ~ mare vr
less typical crab featvt'es, and the f r x'clat.ively weak p!ncera.

Ceteris.j,s.

I.-FMa cr c'.Ox+a r.sr'0, hc k"".6g 'vncK,.'p.Pa m.cl  'Olfe'ma. 4,'�- ' . r.sF
f. i~gC'.r.q gl.a O  ,.a,i  Op.,izaak!

I
' .f'rob leo s',

Vha  calar is this c tab'7 Hm Wight  his be a gvnd ca3.ar f or the
c.rab7  Hint: Wbat calat ia t.he sand ar roc;ka where you facund
this i rab7!

[llaw' does a, crab fee] ta yvv~ What sort af skin daes ir. have~

Cvnipaxe the crab 's body plan t.e yours'

Vau, have a ht'a4 ~ chesl. ~ and abdomen. OUes a crab have a
similar bvdy pEan~
Yae have tea arms an4  va legs, at' faur "appendag 's". Hm;
marly append,age~ does a crab have~
Row many sectians, sepera eel by j vtnts, ar  io i'aor leg'7
H~ many in a crab's leI ?
Yvvr bands a.re diEfereat fram yaur feet. Cai> Vnu sec rJ.iffer-
eoc.es !n the crab'a appendages~

What. rJ.oes a r rib'a meth laak L.eke? Ivies ft. have: lips
goo see;any ter.'t h .

Does a ccJh have eyes'? e.yelM.a~ Can the eyes bc.' moved?
What «re eave thfnp,s  h.st a crab has  h,>c. yau dm> t have,

I 'J

Ha+ 4' the vdriau.a klilds af c.-x'abc yau ti.ave abserved resemble one
anathcrY Ha+ da crabs reaerable shri opt How are  !icy dif fez'e~t
fram shrimp?

Hm many females dc you. have.? Hav many males~  see Pro'hlera. 8I
 cant '<1 nn new  peg,e!
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Prob 1 ebs l  cast ' d!

Call yan d,iStinguieh ttlC C.rabs as ind,lvh oval s ~

Cea yan see vs ter mc vine, rear a crab~ 4A>at f s making th» eater
~we? Blate air ib and out of yaur mo«tb. Zf this a! c were water,
would y du be making e va [, e t' cidr rent"

t.an yOu. See ird vha   d, f I er. t iard the wc  er current is gv 3 Og? Ba you.
 h I nk the crab is belie f i t ting E rem  his water current?' 1 f eo, hciw?

~do os<ed Procedures.

To make f t easier Ear a11 chi 1dren, ro part iripal.e 5 n c rob studies,
+wildi be a gaud l.des to have. sc'.ve ral t rays acvx»><l the classrovm�~f ch a few
crabs  Tngybe np l o a hal E-~lozerd crabs, rJ.epending an t.he. t r'ly size ! fn ear h
  'tr<Y

I E t.he sl.udents have seen. nther crabs Lvz' Cnmparisord, help  .hem eo
not f cc tlute  irapsid 's f lal, tened body at>J appendages.

hven though 1  appears ta be « lmnst still, Ii yo«carefully wa «h
crab in vaLer, poli may se» i [ r.r eating wa  ex i'.«rrent s. 7h . p;lt t errd nay
vary Psdi ch crab eye», b«t water ls f ene rally drawn' I o over the gills a.[ rhe
base of the two c! avs and l o«ed aut t hrvugh the mouthpari:- - ln this way,
the gills can, ext ra«.t oxygen., and tide mauthparts «a» f i 3 ter f oad paz't i cl es,
Perhaps the ve4ey current s «a» be seen m Pre readi ly i'  h . Svr f ave of water
is sisz'5 nk'3 ed vith a c.< ny pinch af «t>a lk dust.

vENTRAL
OF ARAB

head ch»s

  c  ."p h I 1 s r h o



Hawaii ~ i 92 vre SLu.dy Pro] ecL
Ri'.&:f ac'c Shc3rc

Teo .her ~BaoI r . e I Ioformo: Io 1.

,' OC' a f eV -pea' ,92 I i e On 'Imhir hr y< r I ype OE nr-h yOV I I'e I'allaem-irIp,, SeC..
the dielrram.';sr.;] briet desc.-L'5 pt i one eE crab fnm9 1 ice at the be3;irIri I»g 0 
t. his

5hND5 2,ProblenI 8,  '.I&9 'SEXES

Sex dist [»ation. g ver II .re mr rack crab.', »Iip].ies to crabs in 3;enernl

Mar e s i a] s.,

aa ag! Q > >c ~ [tm> ~; �;ar �''! w r'�'wa .1 a'. I la '1-: e~S

'7m'. r>a?Q . or' f ', !: ! ' >.mI I 'fl;.  mh r::a .m. '  i . i ];,-: ca ~y~C R l,!r�>r. mm.'! t. 're"..r,';J c ~f P! '3 I?~

Problems;

].uok;sC the i..laVS at al l I he»raba  at th< ~ra»me Spec.ieS, Cr kind!
ro']leotard by [lte i ],ass. Da sam  i r;itic have higgs.r «iuvc cl>sn otNer
crab~ Whic I". do yau  hi Il  ~o.i]il have the b lgt;i~ ' i 1 ~s, males or
I c.mrt].ea? Vhy". W'»»i;]r V nLI. t'a nk  I".<.Ce '.~i p, .-.1ZWS ac< V..',rrl ' Or':

I.oek ac. toe sbrlvme.i>s ~f s 1 L ne   r'ibad,  of the same ..-Iie  i es! collected
by the rises. Do somL i z',>]is have -~eider zbvomeIls, Khan others? Wli]eh
~ln you. thirIk '~vie' il have the wider azrlimieri, males or fi.Innlet. Way?
Him t r, you. think  II< nli~!»r en. is zsod.'

i.'i »t].i 1 i Ft up th  abrJimie» oa =- r.,ale or;i]i;m;],m e fcmalr. era.b Ts
there a d] I ' aretine in the i r ! ] I t le "hidden. lip..;»? '~1>inh has morr ?
Ml I y?

~~«seated ]'xaccdtI cv's-

Tt iiaually:s ]ivcstli].e Lo diat inyxi  ah nIale fracI ienal< c:Z;elis, Males
af s~c.' apaches l>ave not.iceab Iy la! I er cia@I'. 1'tIe < "IIi».]e abr'.caen. is qu] Li.
b coaxal compared  u l lie male abdamr.n, I f the abdomen is ge»< ly li ter away
from t he rect of the bndy»e: ran. see the smal]. '>III! '.Ill]ages. There
f ~e r of these abdao lan] «ppendages ir> m;s l es t.h sr in. t cwalv~,;ax<] sever el
axe fused I» I he ma]e t.o ivrm e» ~ op«].acory orgeen,

Perh']i r lie c:'] ass vill b< ivy ky enough t a t I »d;! female carry ir>~
nIasra o '. egI s, cr "spoL>ye" as ib is cal Led, tricked <;c.dec h  r nb dome it, an.d
held irI placim liy !e'er zcze num< r mv.c abdominal le3;s,

A] 1 crabs b<. 1 i>Ilg to r h  g,L rap rnl led "JX c~]»!ds", meanirip "t.cn li g3;c'c." ~
a r cpm t hnc ia easily b.i.-.mat.reted witl~ I.=i>sb crabs, l'  IIc  ];res is ].ooking

mo a crabs, «hirh are not   r'cue ~-ra]}a, it may be ]>srd to find the t. Lf�
pair vf I cps sic'cc  lii y are reduced arId ]ih ~]i]en. by t n  f av r[h ps3 r
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Prablem 9. RCCK CRAB BEHAVIOR  Classrovm! EAlfDS 2, 3

Mat.erf sI s

General behavior ot rock crabs ha.a al - d b. ' b.a.a a tea y tc.'r> ob~ccved Ln t.he field.
pzv Le>a exnen mls the nbservat ions o ch I

be

o c e r a~sracvn where more t.iree nan.

e given ta det.ails and the act.ian o' tt - ll!e ama c yaws can bc aeen.
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/'rob 1+m.
I
I

liow g»  r;>he r. ave? Da they walk ar sviz? 7n which iireatiar da
they ueuelly rave? Can yau cross yu<ir Ir arrds e  t hi ur i s   arid
d< r»i»»r rar e I.he crab 'e mavemerrt 7

J!o er;~he ~r.ay in. the middle af the l ray cr nr ar  he sides? Wh:-ch
vav dv t.hiev ace;.

Inta the crab tray, place ' Tm~ e Lgae-c.-vve r '~l r vi Ii. r ikey'I I tivm
pl ai e whe.re the  :r;xhs lived Haw da the crabs beheve tc~erd these
roc l-s ".

Nat n a Crab CLaSi Ly aS i t I!IOV~S Vn 'a ra~.-k 'liar '.' I r ih!1»g - I r IS
i 1 awe?  pat heri »g the algae that grawe aa then f ar faad!

Af te! the  rob hze !~een in. the t.t-ay f ar a day nr sa, yau. will begin
 o n.vr. i~< smalL pellets scar  i'.r<.rJ;i i>u i i I'he hvrtvll. v' r.lie r z';ly
4fII at;<re t. h e.» e?

SiL i's l i d I'roti rlv.r .'

I' c'.tr t' ly;i J.J. < rue e r;ili.'. w;ilk e t:levays. have the scudeTIts r rase thei !
hande at. their wrist s end move  hem s idimays . The "Legs"  'iTIgcrs! LTI the
L vDve rd I!os [  I vll g,ril!r'p r IIL-. ','vbsr rdl P. $11 l pill 1, whi le. rhe» 1 ea;s" i» the rear
p as i t i an push a f f the s ub s t r at c..

In iTIVe St igat in' thr. CrabS uee Vi rVCkS;iS "Ii~-. L' i r, '. Ii~ ' I, urli'r'92 ' m-ry
h»v& S Lle»iu; v» I'vw I' i! 9h'»i ceil 92 f they get e t »ck, yau ney vane ta t ry tl>eee

1. Give. the r rabs n Tray «1 aTI Ly rocks,

2, Piet vill happen if ve pive then glass j ars in Tray it2 .

3. What i: ve give thiem rvcks and glass jars i n Trey «3?

4 . What are. aur results . Wha  car>c Lusi ops ceu w '  ll'ilv '. rien m r E rl~L r
mertt 4» t';>e ~  »li I searing ta he seeking li st sameth ng Ca be under
Or dace e have t a also be a aark place Herc is e der a shi     t hat
mny lse is.'v'r,' wl I h Ch'3I! 3 r,tu lei> te i f they  :a»rtat devise their own.

An aTI imal may res pvn d r. v
p rape r ehe'!tei . A'I e the

same chirr@   i. e., does it
ha k!: ii r.Li the iles ire
t.es t. your idee" ~en you
i rr~!~r, w f i l~ .<>.vicar II I .g P l
in light?

muuy [ v~H.; v f .'-r 1viu 1 1 b»  irile I' r» f 1»c!
crabs responding ta the desire ca bc under
L k»  o t i eL somethiTIg, e round 1   vr on it.s
ta be in. a dark g lece? ar bath? Can yau
think ot scmre I". Ing  Iran wl J,.';i.-uv I d»

'eaiip,g e" u.rtder, ar next t.c, but wi 11 Let
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LE l, I i'.-.,pnI se of '.;rnlis co Racks arId. 5<rIIi'laY Objects

C! abs ' Res pahse.pe .arm[ 'vn

rack'i

i el@.ss j;~ r 6

I
3 ~ rocks >» I > 1;ass j rs

r «Ythe r BC t av I a r«1 i.hsierVaI. i O«:; wf ROCk CrabS, N;any ceChrliCai S «ities
h,aVe been da»i v-.> the biehaV I Vr . I Va Yi=ua SI;i«. t eS nf raCk C C,ilia Iheae
Cra'n.; a. Cen. h;,eC 2 wIIiile repEYt Circ. v he'aaViarai;ic.-l fvitieS; in. Cm . il »ily,
CheSe V.C.rc ri -.iw»~ Cei- in.  II i.-i m;.one Y:

5 L 6  I a=in ry  » iC. i-.>g, ''. '!i' lling, p S iiiC-,, 6, 1 eepircg!
l.anama OC;  w« 1kinp baCk, f ~!rW6YO, 6 iCICVVV6, Yunnircg, j err.ping,

..;w I IIII I Ilp, L' J Y caw I IIy,j
Feedin I.'i c ,l «>',, -arig'ivL
C. i an' iv,  Eo.x:-ba'.I'.I-.i<., Zroamin.g, cop,-c.xYirIp,!
I-'. 1iminat VrI  r!i-. net.sC. ing,, vI;«r pit sting!
Fl igloo'  ."«dim i ss ivv I«>." t «ring,, i lee I »t;, c irr ling!
Ap,grcssivri I,I«6I>in', 6 ig»;i t tnt, chasing,, ki 1 1 inp, law thyeaterIing,

Ii 1;,h three L n t»p,, st =iki.c.g � low BncI high!
Repradzct I i. P  w;ovine, s  Yak f ng, pasit ivrI. L»p,, copula  ing,!

Al though L c nl.~ .>2y YvmairI...,". sc.innaYy t ur laiip; periacIs vf i iIiie, same
af the shave .inc.ians may hr. ouse Yved ii l rive of crabs are mairct.airccd lsl
[he i'lass Yaam =vi = n 1«np, pcYiad vI I fee, inc.c r  cteiJ EA'.ID 3 s vdeaes mav
be made Yi'"~poI'sih' I' tvr m«inc n''nine the VI 'ibe with fresh v>ceY ared f aud ae
arel 1 ss nIal-ircg caz'e I ill «bsc Yva  I a».', nni'. rIatcbvvli Cc'.poYtz an th '> Y behavior,
Carcf.'g] Lrbeerv.zt i.n m;Iy:-en ter on soch i;»est.ions as;

-Dvc..', I he ssne crah »1wnis rctzrrI  a the same 6.YPv, i e., da  h '..'.;e
c 92' ' Ill 6 6 h ilaw v r r I 92: I r 1;> ' x f v "

-hre th< icrab.', ilaw Ye a.ct.iv< n t some t iInr. 6 v<;hay Chan oLhr r8

-r~ thi «v~ lone s wavs Ivl low in.  he salnp. order~

� I,'zi~ clie cim' tt>i' '; i hoot day st. 6 YI ~ to che t. i' i c. ends p E'xac  j y
what ace: he i-.> ebs dei<Ig,' ilia' c'«eh uf  hte time cIa Lh y spend an
 ';i  t! 'Lc.t.ivlt!' t  M" yhE st 2t ion vt!RB.Y»e Y6 d.L   I'I& r-.Yab trav; < Bell
stucIcrLL h«I=>g zss ignc [ v;> spec if ca ..F,'-iriix»t.e "vat> li" !

EADEM >, 3Problem L.Q, t.l!l.i>R CHAt  ,'L IN RAIS. CRA3S

Zt, '@he» plain.ing zl«;>;1, you. na i. < Iisc. yau. vill i»al»de this tap Jc
awang youY expar;me.;>cs, c.hen 6< [ «p i Yab parL~ fn the previous ezpeYimercts
with vari--«1< red backgri viiils This et ] 1 p YocILIce sami valor variat tv»
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vhf c'h can. be»ates when. f i tet pt'caen t.ing this problent,

An aiterrtatc plan I s tv J eave all the crabs dark a»d. trave  ht ctvilertt.e
predf ct whet tit. r vr orat a. aha»pe af backgroviirJ i.' iloz vit l prrtdtIne slteratia»

the col nr of the crab.

Nak. 'rig?S-

f~p~pO'st?r., f ~is ~~'~ A ae'g,'. rt ?. pa;?< r'!elhi. L'i- e-.:.4  a'ee ":~q"ra> '.e'z'
Pedant?gqrt?e, $2; s <x3'

&e'.?'
� 1%r ~t? ~'~i'p.'2t'

F rob lems;

tk   tahe i.henge the intcnsi y vf t hei r oolor?

ez',tb the ssrtte shede of cvlar ns ~lie«x roti r.allected it.. Zt
do yau suppose l < h;tv, chsrtged?

think vl an ~'.x~ie:<tnettt. to test your idea?

ested Procedures.

eral!s may shaw a i.ipht.enirig when rhody .zt'e moved fram dark racks  v a
lighter calared backg,rvuiid.

Transparea  L ray>  e. g, g l asa ar plast ic! ari be~t lien;}use it is ari
easy procedure ta change the irttcnsi y v< rhe t rahu' hackgravrd; simply put
a piece aE vhl t. vx' bl,>ok peper ur derrieath th~ tray, 1L'  .rao~pai ent treys
ice stot availalile, perhaps piece s af vrhl te vt' h1ark plast.ic. garbage bags
cavld be tjst. d [Tis tile t he t.ray ta chartge th  bacL3; rvviid-

The stud,e»I. s may have their ann. des.ign for s» cape rtnteot. Zf t.hey
lleetj a s«@pe? t.ion, yau ntight t ry svmi.  h i itp 1 fke this:

l, Fl.ace. n. fee. crabs an.d racks in e act> vf three trensparerit trays.

3. Pul. Tray 42;»> his< k paper, and Tray 43 v« ~ht t.e paper.

Caspar ' the: t »tensity af the crebs ' tabor~ every Jay. Af ter three ar
faur days, stude» s sharla be alii e to see a dit terence amv»p tive i.i'she
Old.cr stvJe.one cart keep a ~aurrtel, perha~ts inolttdfzp, a. dat.a sheet
anmethirtg 1fke this;

2, Keep Tt'ay 41 an whatever surfer.-e t t «sv >l ly is an; this is  h»  'vt>r tol
Tray, By haviTtg a i.-@nest t'rt1, if any chartges in cvlaz' i oceneity actor
f vt g»y reason other thari beckgrovrtJ  e p,, t fdel cycle, diseese, e e, !,
it. will bt. ev ideiir tn the oa»eral.
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TAl3i Z 2, Golfer Changes in  ;rabs

Tray h'I T ;>y i>2 Tra,y
Contra 1 5,n kgraI>c'd Black Backgrvised White Baekg

Teacher Back~raund

&arne rock cr >bs eeez ta change  h .i    .near intensl y 92 v con arm ta
 h  I r surra«ndings. Il,  limy;ire remcved tran da rk ti>cue and pot. agains 
Light background f vr era ar three days,,-hey c.hinge ea a Lighter shade.
Th ls beI"'!<'Car seens t o t>av'-. sllrviva? value; ii  hi'.y resemble their back-
@ Yol3$11, t.h cy ray e."..- n pe t.he ir p re d.a   v r8

HVIMNZh ,, 'Cl Ab l   P ARTUK ?DIAZ!

'! n.t raduccian.

People at ten ace scneLI, red-mesh  rJ nets ta catch svlmJ np cr~al>s in.
shaliaw wa er near stream maulhe They may be ca chl»y one af these  hrec
species;

~ran t.

Bc la&an .rab

I lang c> eel, alks
I

pa i»l. c.ql~

pointed+

.3 1 lan

its

*See pic'tore in tire t part af this ieasoc~,

Crabs same . lmi . I i phten ar dark@-.i t hei ! body ralar, 5o+e species nf
crabs l vl Lcw a deily rhy t!lvl, I ighteninp their body by day end darkening
ot night. It nay be impassible:er s  vrJents Ca laak tor t.t> I a diern.sI color
chang<. Ilnl ess chey re Urr-  o eihna l et nigh  or 8 t e al lowed ea t.ak»  h»
;rabs home.
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TheSe ltree ape«its v I .",w! gIwinp. crabs ere govt L' 0 e;xt 7o prot.er.t chem
from being over-c vl lee ted, the Havaii 1'1>lx srIc! Game DivisiorI has made a
regula . Lv» I hnt rr ebs cannot be cvllec ted baaing nets wit h raesti lofti tt«I»
2 inches. This regvl1t ion a'llowsI young crabs ta gene. ~ip and repro'«e,
Stvdents. may cull e .t small spe«lmens v  these edible «rabs  vr vbse rvjlL'! �0
while at the seashore I>»r they raay not Lak» l hen b;«'k t n the «}.aesroom,
Big spvclnIer;s ~:;>«ght in a «rab»c't w! gati mesh greater than . ir;clIie are
bwbly toa big 'ar E.la8h LqlleriA,

BANDS 1, 2, 3Problem ll, C;;NJ.' Ikk; AV'.! ABHERVAIZCN OI' SW1MMI'~l' l'BARS

Crabbing wit.h rei! mesh net.s is - ski ll "«c-..+ iI
alreacIy h;sve, in which case t.h<'y i. nn t.eke aver this
l,.ives, or neighbors are t r'equeot ly a good svnrci'.;: I
toring, 13enti I ping., end handling <he l.zrqer edible

yaur students may
«3,a g, 'P;>rent.s, ! e le-
o»ce ide help in «ap-
«rab».

Mac.erials.

I
!Pyi>hleee

l,apt ure a «rab t»;i i reb net..  Sec prvr i uvre hei nw !

Compare � ';ipse.zrenre af this. c cab w I < h riel>er crabs yav, have

Exar inc l.l'.» p!frere bot. bc car< Lv.L vF chem. Thev can give a heFty
bl te

Vx.~inc the rc.ar 1< gs J'these t.ell you whe tI.er l t ! s a swimming,
crab vr a w;ilying crab. Hnv~

LovtL far small swimraing, -x';die in. t.ide pools a»d v» ree I f lets,.

'kh Lh directiorI ca c r<Ih." .~rim~ s ideways, f orvard, li;>i kwerd, all

ways 7

Pet. the crab i» 's hiicket cr pan with sea voter Can you sec. vatvr
Iiieving near the Crab".

Other spa«92 c's i> I sw'imming crabs may be c.,>vght, end, depending on, size,
kept >n the class aqvarivm Wet.nit nnt, thcugh, Swimmer»p i r.'i~a 9re ective
predators. 'rh~ y m»y q.i wkly depopo3.at.e yonder sq«sriLLm!  A sc lent ist has
reP i rte.l the ane ape«ivs v;In even cat ch mole crahs, by 4l a;ging them, cork-
screw,- f ashivn, vv l r F t.he sand! !
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The last pair of legs vf a swimming
rrab are f 3.at r.e»e~i l ike a pa6c31e.

Thc: ]sat. pair vt legs o~ a walking
Crab ire P~i l oc.ed.

~So r.st ed Fracas res.

On '. nr two =f these ray mike an in eresti.-g adroit.ion t.o r.lie class
ac~virium so tons as they obey Reed's Sec'and Lair and dD not. cannibalize
every'.h »p, else in che t.ank,

Ma;>y children  » Havaii are. adep 
c it ching laz'ger swiczn I op crabs vith

red mesh eete, vhlr.h m.iy be purchased
Lii miry local st »res,

l.chewer thv'.;- r.ib net bv a rope
into va c Ls t ikely L' o c:ontain Sw'inuaing
crabs s»rh as «[ at. ream mv»ths.

lwt. thr n<L' iest an the bottom
with bait.  .i fish h a'1 i» other l!teee
of aeit.! t.ied sLi; »rely in l he venter
of the

het on b ic c.om,

Atter ibnut. hall in hour, lf t t
thi' »et and har~ eat the e ri>ba c'.antainE.d
in it..

�cice c.aught. i» a net, c ribs tend
hold tight''lv to the mesh with  heir

elavs.  Vivat eh ou  ~or thr se <-1 aws;
they 'T'e fast anrJ. would hurt' if t.hey
p inch erJ come one, !

Paz'ri.illy t i Ll a strong, t.rans-
pirent plas l r bag vi h sea water, and
pur the crab and, c.he part o,' the mesh
it. is hold!rcpt inside  he bag. Rvpe-
fully, i» z shor  whi le t.he teab vill
relax i t.s grip v» the net which can
then be piil led oui nf t.he plasc.ic: bag,
Glace the bag with a tvisty. Ai I !ic. ing pul li  ! np,

domal 1, non-edib le, sw bumming «rabe may be c i] 1 ec.'ted E coin. t ide pool
during a field trip



The crab can maw be passed Ez'em student t.a s u teiir. fi!t' ahaervst.iona.
A fairly 1,lt'8e tranepar 'a  plastic box ioay also ha a pood vay tc car>tain
tticse i.rajya while  hey .~re observed. by the st.ude~ts,

 'F11 at tent ion [.0 the paddle-ill» swimming legs and I.a vi her perl s
indicated 3n problem ! ter rack crabs. Coo~i  t!~a lel a.

lj Ah I g 2, 3A3 D <,RAB S AI 4DPrvble-m 12. INTERNAL CPh5 ANA'TGMY

This activity us@,lJ ly has ta b  dvrIe uairip crabs purchased From the
zerket, Ch< 1<i> en after abject ro eat iiig, their er,ib "friends" wham they have
cqgght and steadied in  J ace We have been generally nns ictus.'Fvl in con-
viricing them r.hat clie crebe peretz,iseii f ar f avd t rm tlie market are thr saci<.
as  tLe  '.raba livirig LLi the ocean and migti . be used Ear thc sacne purposes.

Materials.

PrabIema.

What da s a i r;ih laak like leis 1 i!e?

Perhaps yvv can find the heaz'r. md. stomach, wI  h your t.camber's
tielp Where are  h .v in relatiaii  c evih ocher' in relar. tvn t.l'J
whar>. yours;> re inside af yvn?

Zf yau have'- Looked at t.'nc is>aide af a clam vc i>yater, perhaps. ya i
remember +ha  [!ie giI ls looked, lh ke Can yau find ~ll la CTia ide
the stab'7 Have ya i nv t te4 the eater currents around a living
crab? What f uLic.r. fern da gills se eve in crebe, c iavs ~ iiya tera, and
same vthe ' animals'

'A.ich pat't ia the crab'8 ini<seI.e? Where else besides the. zaiii bvrJy
yo»ld. muscles be f v«nd? t'legs! Mvsc 1 es are the par  92 tier. is
es pea I ii 1 ly goad ta eat.,

 cvnt '<1 vo nexc page!

A swhmminp. crab's bv ty p Tan ia st reamlinec3 f or avimaing si ti~,iye, Ttie
claw an the leading aide is cfte» be»t with the "elbvw" i~I 3ng like the baw
af e bva  gs it breeks th<'. booter; the legs m> the s,cern aide trail b<'t!lied

t.he wake,
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Problems:  cont 8!

Nske a crabmco,t s;tl,><1 by mixing the crabmeo.t with mayannaiae in a
baIdtl VoLL may want eo serve l t Oo nrac kera. Haw dace i  taS e?

I
Vaa the skin of t.ha crabS ti~rdl and crnatyY Did. a»v crabs have a
aoft.er, uvre flexible skin~ Ti aa, w!iy aII voix think it ie sDtt 7

~du ected Pracedertr.

2. Have stnden.c.e examtrIe the crabs v i h I l eerI hands and utana LLs, ev
that. they ean make a aela,d  a be eaterI.

3, l!pen the crabs by rI.maviTIg rhe II ink. Stndrwt s riced >lot' I,'.azry not. a
detailed s t xIdy nf rr,sb anatomy, bnt 'nC re < a a diag,raca far the
teacher ' a background;

.znr.en.c a

yt s  l vd' y l,nsrJ

cI c'-. cy

Le i llg,i l 1 n l escIe r

heart

CRAB I NTE RNAL ANATOMY, DOR RAL V [ EW

4. RenIavc th» crabmeat from the body and l.I.gs,

Ferhape older 8 t'xItlenta nou.ld decide haw "eI vCtvrnl Ca'I" crab@eat Xe

a. Find an  ha~ meit'h t.he crab cast.

b. Eliow much d.vIts  lie meat. weigh?

c, What is the cast per paund v    rabmeat?

1. The arche should ba coakI,' i;Ihe;>d of time. Kc.op  hI,'.  vaketl rraba on.
ice ar in a r+Fz'3pez.ztor unt.il t.imc '.vr I, l zaa use.
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Haw dace thie cost campar» to omah .r snpermaAPC raeat8, e,g.
hambu.rger, Kav economical is nrsbcsest'7 4I'auld it. be cheaper if
yau caeght your am crabs'   But yau would have  o  f gut'e fLi  ILe
»or t of a crab»et and l 4cense'!

pmcmgsC the crabs fram the seafood market may bc a aof t-eh»lied
crab. This may b» an oppor unit.y tv c3isc.vss er~b ~8 shrimp pr~th,'
see 1'roblem !S

SAND "TURTLES" or MOLL URA55  ill i'l'l I!i'h!

Miaow']s belonging to this family are nat. true crabs. Af ter seeing
true crabs su.ah as sviamiog., rack y an.d ghoe t c rabe,  he bOdy pl<1» of
lIippide i» fa cLv seeably dl.fferent

2

 usua

coll
i!f

mom hpnrt

3. egs

omen

SAND TlJRTLE i VENTRAL V l EW

See illustration af the Havaiiari mole crab in. the tirst pert. of this lesean.

linea male crabs are resting, almost all their appendag»a are tucked.
under their carapace, aut af sight .ws x ieved f ran the top. Tct this way,
they resecobie a turtle that has withdrawn io its shell; h»nc», one camraoo
creme far this crab is e~d turtle. Their rounded bady is very apprapriate
to their habit of burying thcmsr lvve in sand. The f act  ha  t.h»y bu rrw
probe l y sc<aisn t.s f or their other c.amman. name, male nreb. Ha+ever, a male
bnrrove frant~arde; a male crab burrows, slime, nid   ta~t.s Lre.ok4rords
I,'Same spec ies af this crab hald their tea first antennae together, giving,
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the impz'ession af having a pointed nose, like d male.!

Sa»J cur ties, ae  h .y acerb ta be more camo»ly c.al'le4, live in sandy
beaches where r.he: waves are cans arlt iy washing aver  hem 'H>ey require
clean, re! l-aerated wa   r ~ and aa are nat as cenrnon along beaches vrhete t he
vaCer is alveya ca Ja. They spend srvs  nf their tiptoe bur! ed in the send,
with eely rlteir small fits  «antennae, eyes ~ add sometimes two frvn  legs
pratruding.. Th<.sc antennae farm a tvbe for wetr r r.v be draco' in and pass. cd
aver  he: gills far breathing. The ends oE the legs have scnsi ive tipe fear
detecting faad,

BAND5 2, 3e«bl<> 13 rAPTmZ AND OSSF.RVAXZON O~ Sa8n TURTl.Z.S
 field ~orik!

Scoaping up rrrole crabs from a sandy beach is nvt slmaya ae easy as  he
LE e tacvre an the subject. ?eads one tv be i1 eve. Search f vr mole c rabs dur-
ing. e field  rip  o the beach. 1f they ere thr.re, this lesson can proceed
Of t .n 3 I is necessery t c search again vn another day ar another beach. Vhen
they are f avnd., [he.y c'.reste elf facient student cxci [emeot to have been wo eth
r.he eearch.

Ngteria!s.

-8crn ' garden ~e,~r end7.? Ghgve 
-$"�eve bm  .m -. ..!e+vmf;eC> tn ~b?.8e 7.!
-Ba~t  ~reSh f'each! rre,~rem [a Z amnkK a'-.ck

ebs frere the beach etcher by digging them vv 

~pe, number and arrangement of legs, antennae
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Suggested Praccd.ure8,

Ca.pture.

Ffrst of all, aavCaminated beaches and beaches haven.g at i'll waters are
hpC 1 ikely ta have male creba. Qv a cled, wave-washed, candy beach,
look far mole azabe aC le tide.

Sit quietly as close as paesib?e to the water lime, pezhopR in the
wa ex' at the wave break. zone.

Obeezve intently the seed a  the "l>amp» af the beach whar> i  dl.ps
inCa the water. Thl, c ts where the cooke crabs. res  be»eath the sur Eace
af the smd with anly their eyes and a»te»» se pratruding. Th  lr s ize
aud color reader t.hem neat'ly %@vis.ible.

As a wave retreats, observe the evrf ace af the sand. Look f oc' t'4'0
t lnv V-shape4 overeats praduced by the la e:<zupCipn. af the receding
wave by the pratruding eyes an4,iareoaae. That ie t.he spoL  a illg
Eas t!

Lven Lf,lv pv'I le»ee af male crabs are vlstble ~ dig, anyway, shoveling
the sand thraugb a screen tv sea if may male crabs can b ' extra 'te<l

Aibaut every hour or eo, a mvle   t'ob eraerges fram the sand., rides
eave vp the beach, theo slides back again at .h t.he wave. A sharp eye
might see aoc,

Tie a piece af E rest> f ish tn a at ick af suf f icient size t a anrhar the
meaC b> tile sand. TAait and watch fram a <hazed distance away kvr a
male crab ta be iureJ Cz'mh tts hiding place and come fvr tlute baht.

Gbae rva L i ops;

Have  he: s vie»ts cnmpire the shape md appendages vf a cnvle ex'ab with
that af a true crab, noting part.icularly [he rav»rJ.e l hn Jy md f eathery
antennae af the mole crab.

More detailed vbsezvatians an these crabs are maze egs ily Anne in the
< lyssrn~ aa indicated in the pzvblem below.

Hales and f emales are av  ac ease ly dist iripuished as
Male sand turtles are much sea?lex than  ernales ~ an4
af abdominal append, ages, Perhaps yau can see ao oval
raimded by char t, s tif E hairs av the lax t segmer r
pair af legs, This aazves g~ .~ section pad t.a clasp
ma  ir g,

io the true ca'abs.

lack three psira
bare s}iv  svt'-

a male'e faurth

the female diuz'I ~g
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EAND 3Pt'emblem 14,  'lASSROQN KAINT6HAhlCF- AND OBSEI VATIC
m SAND TUPTLF5

This is a problem faz advanuel elementary students.

. Iat e rig l8,

-A'a~e elbe
-ft;;~meta dtah pm aa up dash ee?eeoc 5errrh s~d cei eepemL air
st-.~up ma'/ar a goo' ~baze.i j-''t;~ ~ax; ayOiem

- 9ir';s e> ."rajah z i ah .ar z msgr 8? mar'p jar joan
q ~rsS~~ bA'h't <g D1M,' oz' 858 C'FPA'C" ~ tz'~ ' 48 PO'r s~

Classroom habitat

a lt l>y condi t iaa,

'4>at kin1d at habet tat shauld yau prepare Ear san.d turt leS, baaed ar1
the Ling of place in vti ch they live in na v.re7 Set up such a
l>ahftat far a Eev mole crabs.

I
I

Feed and maintAn t.hem in a he
II

Observ,e the mole ore1 s e~earanccI

Which end is w/>tv:h in this animal~

Why da you suppose same people ural l this a sand "tet'Clen~ Hint;
Lvok at ft fram th   op  i e., look dowm an the back!.

The: Ee.athery, second ar ter nae are osualJ.y coiled up uadcmeatt~ the
trap-daar-Like mohtthparts. Match for a time vhrw  he antennae are
uncvtl 'd and sticking aut vf the candy arh Dn a clead male crab
yooT pencil  iIi  o urteail aud observe the antennae,

Pb8 eave the mole crab ' s behavior:

Why da yau su.ppUse some people call this. a ''male" crab t Hoot
happe:n,s vhe~t you. put tlils crab io vet. cavd.'t

Try  ox'ntop. several crabs on. their backs ia yvvr hailed] Some a
"play possum", P>~t does thet mean? Why da yau euppose they

 cant 'd oo next pag,e!

Unlike other crabS, mast af vhich are aCavengere., male Crabs are
exceedingly seueittve to pollutkvh. In fact the presence af maIe erabe an
a beach ls sn. indicator of vncou.tarainatud Hahld ar1d water. This  8
LmparCant key to their aLLccessful claSSr~ham maiatr~aace
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ti«t come sand turtles fn sea water in a glass baking pan with abauc
nne inch a. sand «ri Lhp. bot ee, le vhfch direr:Cfan Jo Chey swim ~
b «r z rn:, oz c raw 1 '7 By obs e rving thr n LLgb the b a t. t am glase, can y au
see with vhlch par c. af  heir body they dig'

Cbserve  heir pvaltfon i» tlute sa»rJ. ifter they have been left. ii~<ltq-
g «yb ed f ay > t fme Vi 92? the crabs stick parts of their badv out aE
t.he sand?

I c i s impa
get8 sLra»
waves, bav
 o fE»d,  h

Su est.ed Pracedo res.

Classroom habitat

Students wha have had experience and svt cess keep~ ng an't>e c a»~mat.s
al ive, may vane to experiment vith sand turtles, trying the f allming
az similar t echnique,

iL nc. cnd nt pan

1 La. 'ge pLsst <r df shy'» er sf~i lot ~ ron.-metal r~tafrey set. at
angl e.

Z. Clean beach sand at a depth of several in.ches.

3, Clean sea water vhlch mori.  hen z ivets the s anil at. the l ower e»6

ef the pan, b«t. does nat cover the vet sand at the upper end af
the pan,

.~ ttvel.y lllllllll in@. air stones. A sub-send filter with a bobbling
pipe recyc ling water t.t>rovgb  tie sil»rt. wi!iil<l al eo be issefiil,

'Zo feed th» crabs, pJ.ace a Eev small ~~teces oE f Lech F<sh i r F.roice
shrimp an the sand. The male crabs vill scurry aut. of t.he sand ta
retrieve  hem, PPm ive a?1 vneaten bits befnre they have time ta, ran-
t. @cain at e the pan..
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Zn aaLvze, there see+ ta be two met.hads af f eading Using the l x'
feathery ant,enrcae, sand tur les f fits.r Eave particles and pl.snktan out
at the water. At a hex' times., they .~re mare pre4ace~s, grabbli~g very
small anizoal8 fe the waves, Sand tur  les have aftea bees seen eating,
Partugveqe Ran-af-Var Jellyfish by pulliag the~ eliza inta the
with them!

Behnvia r;

Sand t.ur  les  and 'pvssvrrts! may play dead ta make p redatars th3 nk rhey
are Re.sd, sn,d sv nat est them.

In ozder ta hr Lp the etude' s farmuletu v liypathesis as ta haw e
stranded sailed tixrtle cauld get beck  v the wave vane, you. may wa»l,
use these hints,

1 Is ther  a. slant ta the l!ea.chY

2, Tf you. t.vok 8 walk ~u a moiintain, and got last, i»m would yau
knaw ha~ ta p.et. hame',

Sand tLLrt.les st>m a prcf creme.e f ar gal»g <1crvahi13. ra hez than ~oh'.l j,;
this beli~ivtar would mave them taws c3 the acean Eram a stramlerJ. 3aca-
  lno. Using. the Sl ass psa an4 moist saon, the students may be abl» ta
pravr.  het z hypothec Ls,

'Placing 4 few ssad turtles ia shally sand fn a y,l;ass parL p .rm5ts
abee~atian f z'm beiaw af their digging ma .hans.

S HRl M.t'

Zn  rail«et ion,

Just as the cc'. are many k tamils af crabs, t.here etc she'd many kinds v  
shr imp, f Inhere are. f vuz' types the  may be Paund cvpmanly by s LurJents.

el' agram shave a g,eaersl-
i z ed e h rirnp sns t aray, Nay
b e f au.nd s lmos.   any+he re;
laak f vr them asaag Llm«,
around dock. pl!, ings, and
in   i de peale .
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S~na Ln Stirim~. Has nne Eeg on one
side rav3f fied ta fam a large, digtarted
pl m. Hay be faund in burros in coral
heads, hut perha~is easier tc gee specimms
that live  n spangle attached ta deck
p l!,3 ngs.

Banded Carel Shrew . 1'trifid pair
ai legs tI>fr:kened and leag.ehened t a
 vm alee; red, and white baerJs an
bady end, i lowe. May be farad io
c.-devices in low tidal zany. iliad deeper
in «arel reef Elate.,

tap- ta-bvC.tom mare t.hen. croe
ehr mp Secand, pair af legs
zadfiied to farm paverfv.l,
] ar.k-knif e cr erissher clams
Hey be f avid in borrms fn
LL> c e rt idal z ah e; unde r rue ks;
eametimes found fn Limv..

Nate; kreo email mantic shri.mp cen be deny,e raus, and l arp,er ance
shan't,rJ. def ioitaly be avoided The clears a~in spear a finger ar ar. least
give it a, bad brLLiee. The strike af the mantis. ehriazp f e vie aE the f <zt est
aries.l mavemneate knmm,
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BANDS l, 2 ~ 3Prob l ecA 15. GLNE�%t. OBSERVATIONS OV JHRLNP

l'n  element.ary etiidents, what eve'.z' Shrimp  er! d. there are marIy kind8!
which zan bc cvl]eared fraa t idol poals and  he. reef f Eat during a fie14
t.rip, i oem the subj ccl of rhis inves t igzc.i oo.

Met.erials.

pp  +a ~p~! $1r>',qo p -le,+ vf - gg J pp,  cp ~r  J+[ JJ ! ..«P nut o, hm
zCvrp~e'.d 9~ .',<'..rc.a!
,9' qp,' ~~'r~ q,.z~~,'pp J rCr pv;,, ' L'. 7!rI'~i, ape.=i~i~O!
~,,",aza iver,, r ~." >:a ..reri5;.-..Ap.' ."'r. s:mK> 'c'A. 5CIa',  ! v' bm'ke ' U"'i'. hgt8ea'
PI ~! .C 6: '." =!! ~ .~',T'Cr ~'~e.rue C.VS;Vi ~ "Pc!r,. ba,".k =,o =~@ ~'.';s..-
r i7ir'~

.Prvblc'.m» '
I

i@i'.k for shrimp tn t ale paals arId ie olLLmpa af sea veed. Shake e
rack or clump of sea veed LrI a bucket of sca water ta see i. any
shrimp r:mme out . Lvok seall l Dig JTI. cIIisddy areas aLsv

How haloes z shrimp Love sirailaz ta a cLah Ham dcos a shrimp laak
diEf err.n :rim a arab?

 .aun t i t. s l vg" . Crh s e rve i  s cqoic t.h p art s, I ot e the shape of r. 1 i e
abd arne L'i,

I E yao have mare than ane shrimp af th» same apeciee, pe:x'li~aps yam
ta  see the ditteren.ce between maLee end. fete?cs. tlirt laak at
the swimming legs.

Hew does.;I shrimp mavr ant, '5 n whi c.h direct 1 on? Which L<'gs 3oea it
iiee? Kaw daes L  Tn<ive its tail aLid ebilomen Y Hvar  Ioes ie walk~
How Goes it sviml

Wha[ c.-ol or is the shrimp? Vhy da yav soppase the shrimp is, this
 'ol nr? Hint.; what.  alar is  he: 1 imu az ath» r v ree vhere i  was
f auad.~

Haw <pv you test yvvx' hypothesis as  o the reeson for rhe shrimp's
o'a J.ar~

Aes ist the. et.«derIts in obServing. shrimp a»atomy with the he.l p af the
dlageacns abave etId. t.he Teacher SackgrourId nates bylaw, A'l sa recalL  he
general i»l. e6 Iisotian an crab and. shrimp dlf f erenees af the beginr!ing af
thf s rap ic'.
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Transport shrimp tv the c!assraam aquarium in buckets. Aa with any
equat ic a~imal, put enough water ia the bucket to just cave z the shrimp.
Te this way, there ls a 3.azge eurface ta small vvluane rat%a, permitting
maximum t.ransfez af oxyg.en into the vacez,

Sbx'imp can be kept routinely iu the aquarium. Far c].oser <observa-
tions, thr y can be net ted and transferred to sraajlez canteiners  g?ass
j ars, vz Cx'mspareat plaet ic cups. or bags,! .

Shx'pep ran serve either as predotazs ar scavengers; svme large shrimp
 e. g,, the banded c~ral shrimp! may eat vther, smaller aaimale ln t.he
aqoarium, ar they will eat piece8. af zav fish. Small shriml! may be eaten
by their bigger bzeCh,zeo!

Par expezfaeatinR with calar changes, l.ealore one ar several shrL.mp
in each af several aerated cvgtair.eza aE sea vater. Put diffezent nalars
af limu in each container, you may have three cwltainers: a red aac, a
g.reen ave, and a brown vtLe,

RAND 3 students can recvrd, their zesults fn notebooks.

Amphfpads ar ieapads  see Teacher Raekgrauu4 an Crab and Shz mp
Coueins!, found iu ll.rav may also be used. for this ezperimeut.

'Teacher Beck~raund.

A shrimp has 10 "walking" iege ~ l ke a crab. But a shrimp al&v liae
its lo abd~iaal, swimming "legs", called. "eviagmerete", readily visible:,
So the students would be accurate if they decided that shz3vlp are 20-
legged. [ivrevez ~ seientif ic usage rest ricts the cl asaifying af shrimp tv
the walking. legs. So a shrimp l.e a decapod tea.

The first pair vf swimming legs oa a male are rnodhf ted ta Earm a
cppiilatary tube when heM. together, fhe same pair an a fcmal» Ls mvcll
reduce d.

Some ehz1ep are aLmast transparent  wh3 eh helps make them appear
invisible ta predators! . Othe:zs are brightly-calared, svmet braes cazres-
panding to theix' backgzcivnds. If you have a magnify ng, glass, laak
closely at the colors af a shrimp,

5hzimp pet their colors f rom vari'«a saurees. Yellat< md, gre:eA
orig agnate f re [helix' p? mt f aad, while red., brvwn, wbh t e ~ and h! ue are
m.~af antlered by the shrimp itselE,

The pi8ments are of tea lvcated within special cells, calle@1 chremata-
phoree, in the shrimp'8 skin. DiEf creat colors may be  saleted into dif-
ferent cele»; fa same cases, several pigments accur in the same ceil, but
anly ane may bc expanded, ac. any one time.

Colors in ahzimp are used for meay purposes, YJ>ey may help speciee
t o zeccignize one aaather; color chan.yes at repraductRon time may atC zacC
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the apposite eel,' sad appropriete colars often caravuflage a shrimp end.
therefore protect it fram, enemies.

BARD 3problem lb. SNJLFVJNG, ZN S'AAPPiho SHRIMF

gal.efi518.

-9-.e rr ..orv. arq!p='zg shrimp oBFa"'net Rmnp fteKd t;m'r.
-&",e'. or ~ozv emKE =or.:.airer' ~~eh esca va,'.er.
-M zgn~yy-~ng c- 'a~o

. p rob l~s:

Have you eve.r heard a e.onnd like corn. popping whi3,e you walked
alai>g, the beach at !ow c.isle ~ or vere swimming under water~ if
search out [he snurce af the avond ea.d find thi'. shrimp that are
mgkfap, the noise, 8ring a few back t.o yaor clae.s aloe.Fiute.

Can eau see what. pare af the bad,y makes the snapping anise?

Why do yoo suppose thfs shrimp mekee this naiee.

Su ected Prvaerl«res.

Goidel hy their ears, let the etudeots search aut the soorce: vf the
popping nafee hoax'd at law t fde. Zt way be diEficolt to get a clase look
at a snappers shrimp's cla~s Perhaps you couiJ t.ry one af these cechni-
c[oe s:

l, Wrap a specimen in a eea water eoaked paper tmrel Bt1'ip and examine
the elm vf th a magnifying p.lass.

2. Laak at. a snapping ehrimp malt tsee problem 17!.

3. Suggest scudente. check a library book for e g,pod claee-up phata ar
dfsq,ram af a snappiap. ehrimp,

The sound, made by so.appfng ehrfmp fe produced whe~ a knob on the fiLi-
ger of the large claw is forced inta a socket as the claw ie snapped shut,

Rave you t>card crackling savnde ae you walk ~slang a muddy shave at law
t fde? The sooad resembles a popcorn machine gaiag foll tilt, or a I.illipo-
t fan pietol war i~ progress. Snapping shrimp, sveetfmes called pistol
shrimp, are very coarmml fn Elawaif, A sogppfrrg, shrimp Ln the aquarfnz can
meke a nafee J,ovd enough to be heard throughout Che elaserolxo.
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Apparently, the scend frightere away pre4store; pe:rhaps it alsa 'te'Brra
eaother s«apping. shrimp tilif a burrow is already aecupied 'i'f<e claw may
alea be used ta execu.re faad.

ADDITIQNA1. 7NVf'.ST Fi'r'hYZONS ON CRABS AVD SKRTRP

Int raductiao.

Three tapirs likely  o catch the attentian. af eI erne»ivory studente have
been selec ed ta ga urider this he;lrJ.l L>g, These by na meets exh aust r.he
paaaibilities for study, Students vhnae i»terse  has been captured by the
sr hrvpods of the sea vill t'ai»k vf many mare ideas they vi1 i vaa . ta
inveet fI ate an [heir awn with a little hei p;md eciuauragemcnt fram their
men. t a r8�,

Problem 3.7. CRAB AND SliRJNP  'R %TH BANDS 2, 3

The queatiane and suggestions in the problem belav ca» be used. ar
modified accnt'di»g t. c student age end the appeal I c t.hem of the phenomenon
af molting.

Ma erials.

Prableae

Ever ainoe you vere a baby, yo« !i've been graving, bigger, Yau vill
continue ta grav bigger until you become «grow«Up". Hav often 3v
yao grow? Dc yau graw g.rani«sl?y all the time?  hl sortie: days da
you, all af a audrJ.e», grow an inch ar ts'a?

Wha  if your ekfn vere like. s  Eight, nan-stretch, piece of clothing
which yao. c.au.ld nest  eke off. iHav caul~i you grow'f

What Rind af skin 4a ez'«ba and shrimp have f Notice that it.
and will. eat stretch I/ow can crebs and ahrfcnp grow? Farm
theeis af hov erebus and shrimp cauld handle this prablem.

fcvri 'd on next page!

Investigatian af thee ~x'Oblem will
s Lnde«t dfaeaveYs vrhi  at f irst appears
ahriOIp Ln the aquarium, but whiah  .ur !s
malt.

auggeet itself.f eaturalLy when a
ta be an erctra,, cr dead, crab ar
vut ta be an empty ekin.
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~ t'coblems:  c Un  ' 4!
I

Can. yo« find any evldeACe fram yaur abs '.rvat tons which vill sup-
part yDur hypothesis?

Tnves t iget i anDiscuesian

Shedding vf a skin by an animal is called malt.fag, We skin vhich
has been shed is t;ilI.ed a roan.t.

<,etc.ly spread aud: a mal ted skin fran ~ oreb ar shrimp
st lf f p,iper ar card.board, F.xamine it caref vl ly, if
a magnifying glass.

Does the skin have any calar? I ink et the eyr~s,

The old skin c/iet ie left behind does not g,a ta vast
rlcll 80»rce ai prat.vli> 8c3 minerele. HUme prima].s e
molt ta get back same af these pea teins and mioez'als
variant scavenge,ers Df the pe.eon quickly make a. seal
or shrimp akin, A c reh ar shrimp LA the clese equar
arid thi mo>t may be eaten, even. befare enyane: iletice

Where is  he ciperiing that. the t fviog. crab vx' shrimp

Hav big, fe the skin! RUw big is the crab vx' shrimp'7
priori since It tiara shed ite skin,

gee@ the skin Lii v safe place sv  hat it will net. bl
ez'vslied. Measure 1 , Keep a recard. her:nrd the da

gieo do yau think  lie crab ar shrimp wi 31 malt a@cia
wheri it dv '.q, record the da e, en4 the sizr «f t lie

Ha+ f as  <lo c:rabs and shz' l.rap trav?

Sigigested Prate.std.ces.

The direr  fi>as in the box  ;>dapted by the terai:her ae Eeesible! are
er lf exp'feoetary bot the fol lowinp, edditlvnsl paints may be us '.frit

After t.he volt hes tharaughly dried end st effaced in its life-ilk<
paeit Lan, 3 t can be gLuc~rJ. to e new maunting paper, labe?.ed., and <ln .eJ..

Ad ul   c: r eb s malt. a s 1 n. f re q vent ly as vL>c.-. e pe r ye ar . Yawing, ic..r. i ve 1 y
grnvinp,, and weal] f ed crabs and shl'imp fn aur test  ~sok molt about ance

lr> spreading aut  hv'. nn3 ted skin ta dry, a small brush may be fo«nd
r.o be useful Ln srranginp, the Legs and antennae Ln ~i eat»ral posit fan. h
llglit rcivering af eJv li or paper during,  he drying. stage vll 'I keep dust
fram accumula <i>p. an t.he spectmen
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per svr> h Py working w I t h !»venilc, ~le   f eely gravirlg a»heat s and measur-
e res the incrr as«i .size a t each mvl >, elle atodvn,ta  'a» calculate growl t>
S a ae rl.y mm p er mari th,

S  Ildente with svf f I i I ent. aaphis  i c.al.iarl arid experie»oe to da this
i ovee t ipat ivy> lulve the abi] ity 92 o produce a r .;iilt atily writt L'n an<1 E I 1 -.is-
trat.v..ct faience not.vbv ik repat e.

«rd Iri torment. LollTe

Crabs».xiii elirimp  arid I,»Sects, apidr rs, ~-.eat.ipedes, en4 similar ani-
le! helang  a a  ,cviip of animals which heve eros y .@kins. This skin

serves n . a vkeletari t ac t.t> . no ideal and resvsib'I es a suit vf ~armor; LL- is
-lard, with ' .Lvx Lb l i'. j oi»ts. Iri vr ler f or the crab vr shrimp tc pre ~
mus  liertcidically shed  h I':, ekin, a prvr esa c.alled "moltlnb"

Tv begin the pracc.ss ol moI t Lrlp,, a c rab nakes a new, sof t skin under
t t e o'3 d. skiri. The v j,rJ. <kiri is eaf vr>e<l iiy reabsorpt ivy o f the cdlC1 ill sale
al oog the LLn<'.8. where the ski n. vill spli L  in ahri~a ~ I erigthwise down the
taps Ji. o f the abdaKe».; in crabs, c 'nsawise, just behind t.h '. "liack"!,

Prier ta the ar t,uv I .shed.ding >L' the skin, ehe anlm i] wil I of t.en sei.'.k
secluded. sp i  wtiere it wilL bc.'. re1atively saf» t rom predators wtle»

vm 'x'gee vich a sat e sk3 «, Next, a lvt of water is absvz'be<3; the aId skiLl
splits vpe», s»il che enimal liu l 1 c i t.eel f cot. 'I L t f. s naw a svf  -bodied
c rab, and it can prow '

3ur iris' the '. hi;> 1 phoae ai ma ' L lllp rhe ani~l h,l t'iten' its new Ski» by
ext rac   1 »g cat c iulr. an't af t be swrramding, ar». water arid d  liveth tiki@ calcium
s i ' I in thr. sk I H.

The vld ak I » that is 1ett bi'hi»d maes nat. ga 1, o waste. Zt la .z rich
sour< e of praCe irl at>d m t»era!.e. Salov anima 1 s eat. their ilaw». Imlt. ta gvt
back svmi' ot these pre teirls i>»d minerals. Vr.herwise, varivva graverigers
of the acean qul -k1y make a xeaL vf «o old crab v: elirimp skin. h, c.val'i or
shr Lmli 1 a the c less a quiz' I ii~ mey malt, ari� t he molt may be eat eri, even
be fore arly aria rl,a  I   ee !

Pro'begum L 8 I.RAB A'f D SHRIMP Y l t. Nt BAlf D 3

This prvti 1 ea is sug gesl. v'd I or 9A'ID 3 s t@3 i.c!re, or those vtlv h.eve been
aui ~-.ebs f ul in mair: v 1 of »p crass irl the c.lass aqoarluD i»il wha can. osr
clicroscvlic'. When. La dv ttl i � l »vestiget ian ia rJel!evident. Dn wh '.Ll n gravid
f t.Ill at e happens t. v br f o ILlld .
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~So <:eccl Prccedorcs.

hs the crab eggs. ivra fram orange � clark brawaish,  Lansfer the crab
ar shrimp tv a separate, ar ral.erJ. nones frier at se<1 water . Otherwisc,  lie
larvae that hatch vvc. iiiay be last in t.tie l arpe class adust'fern. The devel-
oping   F88 n,eed very cle.a» water. The s '.a water may ver d.  v be c han.ged
of ten  e, g., <'ve 'y day ar every vt her day!.

Sto len.ts should write rJciwn theft daily vbservatiari.s, inclurJfvg, drav-
of the duvet.upi»g, eg.R,s and larvae:,

F.3 emen.tary schvvt. chi14zen cari tz'y keeping alive cz'nb and shrimp
larvae, aTirJ wa tr:h them graw eo.cli day, if th y c,>n accept the er.peated hfgh
'tgrvaI mortality, Lven hit apt fmal Laboratory candit fane, � even. iri thr sea
many, mariy la I'@ac do nat 1fv .  v became adul ts,  Af ter a11, pa r  i>f their
fiincriari is ta serve ~s, faad far a he:r aninials in the sea

Short-tr.rm Isbciratory siafritcnaTice af larvae is»cit dif Eicult. Keep
the J.ntvge in their awri unaelated. con.tairier v  sea water.  il .aerated,
the larvae vill ge  stiick et the sur Eaue of the water. ! Vaonp, crab acLd,
shrimp larvae will eat. each v lier . Theref are, annie of thrw c >Li be kept
;>live for et lcas  sever;xl days wit.h»o external teec3tog

T.ong,-term labvz'it,ory raafritenanci' ] 8 niare dif f icul [, ITideed, the w'tu>l e
scientific lie'td af mari- or aqveculture is. deva ect ta the successful rear-
' ag af edible coar inc: animals, Thc J.az vie roust bc car'erJ. far daily;

t- 'Feed them yvvng bririe shrimp, ltatch brine stLL  vp in thr lr ~v Jar.
5r J,c>e shrimp eggs, w f t h hatching d.f rc'.C. iona cari. be pnrchased vhr reve.r
eqLLarium supp! fes are availabJe ~

2. Charigi  hei r sea eat.er, Vovr t.he larval <-xi! trite t.hr iugti a very fine
mesh net. The l,lr'vae caught iri tt>e net should bc'. q«fckly put in a cLew
sea wQLer



Hawaii 'i+tore Stud.y Pcs j  '.c'.
kee f and Shv r'e.

As  ndfcated iri Prob],em 5, crabs and, shrimp are eithr..r aisle ar female.
h< variane time:s r.f the year, ma],es clasp females aa3 capulaee. A fe'mule
crab vr shrimp eerrfes  he: Revelapfng eggs glued ra her legs, t»Ride her
abdatoinaI "pvvrh« ia crabs, cr under the abdomen En ehr frrrp. Iri crabs,  he
mass nf eggs is some  1 mes called a "spacLge«; a. shrimp is said ca be «io
herry", a verv Rescript.ive phraSe. When first lai6, the eggs are: vx'sage,
ind.[c;xt.fnp, a largr. arrrov»t af yolk preset ., Aa they near mia «r fry, the eggs
became daz'Ver, finally hatchlrig iarrr aicroscapie larvae thar disp<.rse t n
Che sea eat.er.

Although [hese larvae have J<.gs and cari mak» jez'ky ewfrmrrfnp motivnx,
the.y d.rpe»8 «pan aeeari curreri e t.o move chem a cn«ail. During thr. wee:ks t hat
it is a passen'< t' <if the sea, a Larva 8rowe, molting many times. At firse
it Lvoke like e fenny, shrimp-like clown vl h big, eyes and a pv/»ceJ head
 zaee stage; "gaea«means Eite!, AE er one Df its mO]  a a crab larva
assume.e e»ew shape; it reserables e miof ature crab, except tti8  ica abdamen
et.icky Out. behirtrJ. ice,read af being  uoked underneath.h. Shrimp da not have. a
megal�]!s etage; instead,  hey have di Et<re»t. kf «dan aE zaeal s age'.8

c.he end af t.hc s<evi>d scape, thr Laz'vis 'begins ta sr t ti<'. v«t «f ita
fl ciating, cr "pla»kcanie", lif estyle a»<l seek the cnvirv»werc typical Dk
its spec <ee Afcer its las  1 srvel malt, it ffrL~il'ly becarrres a scroll ~
a~/«l.c-laakirig crab ar shrimp, althvugti it crray be several crore malts befvre
it ber vmes matiire.

Frablem L9, CRAfl AND SHRIMP r'OUSJ'Ni BANDS l, 2, 3

Ihrcrr ax' . eeny crusty-ek f»nc..rL c a»a iris at crabs a»d ahr farp that Live Lri
t tie' ol.eon.. In f ac t., r. iree e «cru s tac r' an s" lra ve been celled  i're "C» eence a f
the sea" beei'1vse there art. sv nacLy d f f f erent kinds of them. Zn far r. ~
inset t e, c.rue tace'»s,;>»d their near relat 1 dies belarig iri t he same Phylum,
Arthropvdn-

~Ann hipada.

Tf yao lit t. up some 1 imu. chat. has bec«n > r;<oded on the beach, lf tie
"beach hopper"" cay etertle yau,

As t l te poa 1 rocks, mud, a»rJ see weeds are svr ted vu ,
very tiny shrimp-like~ c.rear«res may be na f ei! esoepf»p into
the burke  vi' cart fng jar. These.. searle-ways flattened il[hl-
wala are "aaphipvds«v, 'i th a megriif yfng g J see, perhaps you
can sc..e t lie twa kf»de at legs, flic reeeari f ar the] r income.

Nn specific Envoi'. - igatiaris arr d< t xi led. far this prvbl ere Diagrams
arid a few»iitee sr e gfveri toe;> few crab relatives rorrarranly er e» 1<! llewaiian
L' tc]e pools. Thr se may;<waist. with Ld< «[ < Fir.ation. Inves t' tgetfane might be
develops d. bv  etcher or s udge»t.e if a»d ee appar'.«catty and interes  erfae.
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[ Si>yads.

"Zscpv<ls" are smali, f ~a.[ ~ oval, crostac< ens c;!itch
I   clause ta the saber rate. Their covnterpares on land

are ca?led p'! l.lb«gs. Zf yvu 1vi>k clasely, they if ve. «p
to their rename ai hav'! og all similar leg" Some speci> s
inhabit int er tidal areas, hA itlxer genus tunct] v»s
termites in the sea; sV yn«may see thCm 5 E yav break
«pen, same vcod that has been in the: acean Eor a vhilc,
Still vtber Seaports are sic'! n parasitee on fish

Barnacles.

Leak «lvsel y at racks in i>r i>ear the ocr. ao «t liow tide. Can yvv. se+
t he whh te, volcanv � l [ke ll«mps~ The an?rra 1 a living inside  he8e 1iraeetane
"castlr s." oxeye originally thvv8!ir. to be strange sea shells. Bot put;i @mal']
rvr k invered vit.h these "barnacles" in yoiir aquarium and see what happens!
lap plates vf I he lineatane hvvee xiii aper up iund a«t vill sweep r, inv
ski.ii</er, ] ainted legs!

OPEN BARNACLEAcoRN BARNAcLEs

T!ie'. yoi<ng barnacl» z! e free svi~ing bu', after a shcrt, f J v;> t ii>f;
k~irval period, ' tLI.~ «i!imal ploce its»eitk to e rock, r i'll I er herd sub-
strate, «i'd makes .taeii a J!aiestane hans' t,h i!, 1 aste the rest v  I [c 1 fe.

A eea-paine, covet» v'. rhe barnacle s ie uf Lc.» ..i.ei>
at teched to eny iihjec t., natural vr m;i»-vni!e, that. has
~ached ssliore f rara a p< r''! oA adri Et. vn th«pe» ocean,
These animals lieve a much sk Jm!i'! er cover in~ at linn-
et a»e pl ates atap a Lr.'«pli, Fleshy, svrv i! dies 1 any
stalk. Tt>ey «re aptly named "gri>se neck" barnet' v8

Ha@ Sririy ether C r Vary-Skinneil CX ab ehrimj! «OvSinS Can yon   I»i] !



BAjTTLE STARS...SEA URCHJNS... KA CUCUMBERS

Lntradoetian

Fhyvlum FehLLivdermata is camprised vl r»lated R.raiips af spiney skinned
animals having tobe Eeet and usually a f ice-rayed radiai symmetry, Uf the
f ive classes <if eehinvd»res, the chr .i' types aE animals s Ladled here are
t+presentatives aF c:l.aes+s cvamanly Eaund in l[awaiian tide paals snc3 ter f
flat areas

The charac:teri~[ i s v. 'ehe "spiiiey skins." are easily abeervable by
amateurs. Af  cr investigat ivy. br i t t.f» stars, sea urciii ns ~ and see ci>eicmbetz ~
tt!e sr.ud 'ate shauld be ~abL<'. tv deduce frmi  he:Lr abeervatiana the  most af
them have ibaJy pa,rts ar markings arranged in five rave aJ  haugh in diEfer-
ell t' «s tyl»s" .

RRT'I'TLE. STARS

Brittle eterR are noh»rs af Phyl<el
Zchinaderrns.t.a, c.lass Ophiuraidea, Brittle
erat> have small c:entrail disks and five
slender, graceful arms wihich may break afE
reaiii ly in cambat ar Aet '.nse. This acnn«n. s
far the i>arne brittle star. They are alsa
vglled serpent eterne beta.ose a f e in«ass
gl id ii!, mv t Cans which the i r flexible arms
mak» passible

Brit t.le sos.r.s > r<' usually faunci
several tngether onder racks Vx' Ln cre-
vices vn the reef fl s.t «nd sandy hat tame
just belaw the lvw  ide level. Rr t tie
stars L ra+i abaft at. nish t and hide under BRITTLE STAR
rvcks by day iiow 'ver in a tank vt> <h
prnvirJes nv hiding plac:es Lhe students can see.  hem mave ebaut in Lt>e day-
time. Their favvr it@ f aalu is shell fish but they vill also pick op detriCiis
and. eat a lgav.

Prab 1 en I, l' FIELD IMVESTIGAT [<!NS BANDS 1 ~ 2 ~ 3

Dorins;xri Ex.Lended Pield Trip;xt Ivw tide, nate whether the aff share
bat vm err as captain brit t.]c stars in suEfic ie«xt quantity far class obser-
vationn 7E sv, this tapic. c: an. be pux'sued at that. time Anoth»r approach

tvr the teethe! rn search tar brittle srar  crritary and at a e<>riv<nient
tive eanducL  he class an a Sharq J l<.]d. Trip ta the si e,
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Primary ctLL ldr eri cari da a sixper f icial f»vestigatian, gvided by the
teacher ~ aha c.aa be gxI irJ.ed by same vf  he qu.estianS belav. Oldr. r Stndents
can be raare tharvvgh in their search, as vali is mare perseve:t'in@ and
inventive i» thinking vp I heir avn quc..>tines.

I Prob I ems:

Ae.t is thr shee af brit tJ.e sti.re c.ampared  a yau.r hand.?

Wl>at calar ace. thev?

Hav sIsny armS da they hav '?

In what kl~!8s af places <la yao find bt'<4 tie stars, t gee swimming
the water? hiding in crev]ees ar ender z'ar:ks? buried, In rhe

sand? x'est'ing an the bat tan? up vTI  he dry beach?

Da bz'l tie stars seem r» live ala»e ar severaL together?

What pivot s and ather iIiimsls Live»eir the bri I. �e stars"

Da bz [ t le stare move. f;<st ar slav? Hav da they «se their a<ms
Lri maving?

Pick up a hrirtle star «n4 ha3.d it geIttly irI yanx palm tThey are:
»vt pciisanaos and da nat. bite.!  '.z» vatI keep L  in yaor hand? I
What dace l t. da? Da nat bc.'. e«rprised Lf l  drape aff «»e az mare
vf lt.e arms in an v. tempt t.a geL 0.sOy fram yau, Nev arnIs will graw
li ac k gradus,l! y,

Da eny brit. le stars vhictI, !'rn firid shav evidence of havt»p. last an I
arm er' af graving ba k i new anr?

~5u ected Proceiuree.

On the t ioid  rip, the studcisirs might be d l vi ded into gt'o«ps ta search
different pirts af the share] inc waters far brit tEe stare lf the tide:
lcrw it shauld nv  be necessary tv pa beyand ankle depth to find them in
c.revice I. u><l «»der r ac ks,

St«de»ts af ten dv rial. "see« t.h   hl»gs they lvak it until vaz'Iv«s
paints Df obsexvzc.ian are branylit ta at tent. I.o» Ln discu~sI !a» This can
best be dane sitting «n the beach;>f et a prcliminnry s<>rvey a  the aree.
The students <331 have the  t' avr abserva  la»s arid ques tfaIia ta contr'~bate.
Thc prehlem quest ives abave can be selected frram;<nd adapted by the teach@<
ta keep comme»ts gaing.

Atter t,!le teacher an@i students have merItiancd nvt.tcing variaos items
abvvC. hrittle s are end gener;Iled fiirther qu<'s hans, th  gt'Oicp usually nc.eds
ta return  ar a secand Lv<>k, this tiz . rare alert tv paint.s ta observe ~
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BARDS I, 2, 3qrvb l erri 2. OBSERVAT1 l'H5 ON  '.APTIVE BRITTLE STAX$

Bring a fey br' t t'le sCars aE different biz.es fram the reef to th»
classroom ur~oarhi~m in a cavered bucket having. a battery pump, Pin<i
Le vr» therri ta the s a wtii.»  he observations are caarple e

Natr rialto,

-~a"cr .8 .';>.'ket A V. Kl.'.'.."g p~ tax bvi~~rvg ePer.'ivlera,n +>~
c.a =s. r3>.   ,'.'1<

-v . 'EBB 1'7.!v' aq~ML+" r4r".
-~e'de'p!  r!l.iJ88 v" e UL>Cd6 '9l' A8 pg&,pgKerrfi fez' ok' e'.-Icp, Vlp.;�

g < r,'r<r','!Bss "~JQ ~ '~ Oti
O' N

v ra h 1 erris

Place a brittle st.s.r ]r a glasrr pie plate with sea est.er. Nake a
oar'el ul eket.nh af it in cnlar. l!t'aw' a general view ot the shape,
then draw a. close � vp view' af the central. d,isk aTi.rJ. the underside
of one 8I'm

How o ~rs yov nieasu.re brittle stars for size? hy length of oite
by diameter vf thr. c.-en'.ral disk'? by diameter  rom tip ta tip
extends'. t urn's~ lay diameter when lying co led up and quiet"

al'm? I

of I

Using, whf t>ever st.aridard af meaeuremeat you. deride upon, whn 
the size of your brit r. 1 e S, .arrL? Have yDv ever Sees larger ar
smaJ.'i'.r' ones

the size and shape of  be rexlCral disk7

Lvok thrnirgh the glees from ti>e bottom and see haw a, be] r Cle star
siDves. h'hen lr. l, revels, dace it a?faye qvt the same erm first or
8vc'.s it. go in. any direction us ng arty arm? Ha+ cauld, 0 mark
the arms sa yves wl 11 kaav which is which~

Turret flic anfimal upside dowri, How' Jaee it gD about. t
aver~ It yvu  urn. it upside dawn repeater1ty, daes i
il.eel f f n the serac way~ Does f C alvays rjse the same
c a t.urn v v  r ~

Are the arms br t t ale~ Can they move Zri aely harizan.
r.hey move in any d.iree  fan like aa octopus arm~

things wittr the t<p~

 cant d an next page!

primary students vil1 en!ay simply watchdog. the grareEu1. mavements v 
brittle r; ar's, Older students can sketch thee, da feedfng and. behavior
lnv+st.3 Satians, and makr note.book reports.
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Prvbli. 'l~:  con  '<l!

Peed the brit  i» s «r «Liny bii vf Cist> vz' o hE' ' sc 'ilp «nd. care-
fnlly watch the maveme»t af t 9e arms in t.racisf errin.g the f aad ta
the maut.h and vf th» OwuLh in eating,

A s Jr' fist> us~'s I  s Lub» f< L L l lkP, small Svc lao VlekS  a Cl ~ng
tD racks acd she'ls. A briLtle ster also hac Lube feet but they
dn OCIt .9i:> ac; Roc trull cl like, 4ll»It. gree a hI l rrle etar 'C Ciihe Fee .
seem ta be used far?

When. yau ere finished sketching and observing yaur brit.tie star,
l,l the» lc>ss «>luc<r ~ uln .lr J'P l L L» I a 92 I'l0' >c<l <TA»4 SPe i l

it. evils ar does it just. drap like a dead veight. ta the bat tax
o', hp. t a>Ih?

Cari a brit.cle star clinlb up the vert. ical walls af a glass tank?

Dc brittle stars move clare freque»tly taward the 'ight ar inta
i!ark p9rts Of �Ie Can%? I<vw c'OIL/c yl!u lln iI [P .t On rhle tr f tnt
a u.t.?

%ha.t di: ferent kinds a: faac vill yaur brittle star eat! Vhat
daec it 13 ke lice r?

Keep s gener 91 vetch <in ynnr lirittle cc9>  iI t!Ie r 1 ace, tank from
rJ'iy tv <Ieiy a»c3 vP< k  v ve»k, Haw da»s ii get «lacig vlt.h othe r
br i t t1e ~r a I'C? i<Vs dve;; f I. belinv»  Vw;cr3 a h»r un> n,i lS ln  I'IE'

t«nk? Kaw da the nt ver animsls c.reae it.?

What ather invest.igat. =c:s +auld yau like ta wake vith your brit.tie
R t.or?

Su @steel Procedures,

  z'vali ii l v~ stn i» ii s a rvur<d i.'nc h gJ uss dish caTILa inlng ane ar tea
brit t.le stars. Put eTIc«iglI r lean sea vacer in. e9ct dich tn campEetely
Cvv< I   I'I ' iliilGlil JS ~

YCIu mug,hr V,r te S~e nl C.lIe fir@»qlelll IILLP.R$ l llIS all 6'lP bvat4 Ze ~9 gaffe:
f ar the students, ar yvu might ask than! ta abserve a»ything they cari vhiEe
yO ! p,ri 9rrin»d 9nd eke C:rmment e and aak queC t  ms n f eai h p,rallp JO
gr.nernl discuss an,, same ar all v' thi. Paints elude in the prablem q»icstia»s
ceo be braught aut.

.he ward brittle io the narw brit t.le star lIas Tlcthing ta da with stiff-
ness, Brit t i» s ilr !irms «re f Jew ibli «Tld agi Je, Thr. tube f r. i. L are se»sary
arganR ~

Brit.c?e stars should nac rerasin ic the plass dishes aver night.. Return
Lli~m «  Lhi i.TId «f Ltie aasnrv«t lv» Pi r lad La thi  lass  «ii'r,, Thi.'rP, E i 'ther
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. «vest i@a   t les =an bi' i~ade canci.c» f
tie e i» relation [a other anti. =;x'3 s.

often Lilvramets ta t tie bottom,
sv rlv fee gracefu.lip arid rap I.i.". v.

Lar .1,v»i  t.erm abserv.arian, hei ii the brittL< . ter papula La» ifnvn ta
evo or three per r.,iixk, u.nlr ss volJ have a tA»k which cont;it»a nnthittg bu,t
lyric.tie stars,

OLde t' eletrrentary e I cadent s caTI be expect t.'d to vrire a rr. phiz' t in their
[Lo r. e haaks ebau t r. lr eir brit t Li .". ter invest t ge. t. Cans . Se i i  lie PRQGRAN YaANlIAJ.
for styles;>n3 procedure..S in repart. i ILg ~

Depertdiiig ori class interest, yvv ~ay vish tv i.[lan«rage brittle at.er
I! retry, mohair, nr story   .'. 1 i» p.

hl'A tlRCHZNS

ln   'n d-.in t ion

orchins;ice rtembers v f Pl>ylLLrrr Ech [iIvrle> meta, Class Ki hinnidea. Sr. a
Ltrchine r 'f lent their meIriherehip in  he phylum by l.lLe I:resencc af  »bc'- feet.,
an<3 by a radial .;ynume ry vhirlI ie mare nvt ii cable =n th<,lc'.»iMed skclr.  vTi

Sr. v» i'al genera v' .nee urchins are
; nmntan.ly sc.er< i» Hevaidan v»  ere. Twa
rammvtt r. f <le poa3. spec t ea, Echittvmetre
-lip., relied ' I»n. iIx Hevafi;i i, ar e
black «r 1 i gh t. pre.crt I.'.;Ii in color, 'Ihese
»hv»dent orihI ».'i wee Choir .",p3 res and
rasp frig llll'!lith parr.s rn dip, holi s hi' the
reef, widr» lr;8 and dc.<p<.»hag the r avf I;y
ss  hey thenrsrlv<.e gr~ lars< r Evett-
ri e' ly they bere.me imp t' I.coned  ar wel 1
p re> er.red?! LrI sIne'3 l-trraut.hemi holes irur
vhi=h t hr v ran na long,i'.r get an't,, nor
b  Iii;1 led nut, ECHINOMETRA SPP.

f F crabs al e part of  .'~e cles.s.
one at the brittl» s are ta as<
s umph regeTteretee a rttw arm, and it.
end careti For in isal » I f nn, Lef I, f
tait game tar Evrther attack .md is
appar unlrv f ar a Leeaon an th  heal
s I.' n

ng their vti  [»g habits attd  heir e=t�iv-
illra�pp LrI tv   lie: rank, a brit t ] e

' I>e an.inIale r cl» awinr, howe'ii 't,

t;i»k rammuttity, yn«zen. expe~t a  least.
arm ar t.wa TheareticaLLy, t.he erm
vi 1'3 isa sa it t t>i brittle star [s 'eil

the tank, n» vari jurcd n;i i~el beeazes
svvn nampletely Vevnixred. This f s en.

ance vl natiire arId thi fond chairI vf the
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A camman urchin lvlvbveP» t r<iive i c

ehLTIglPR w rl> bl«nt, flat, du11 black spines
and clinge to surf aces vE a'vcks i» tlute i»ter-
t Lda], gone wlxere waves paond.

CQLQBQCENTRQTUS

rJf!epp.7 water are f aund. t.hc 141 g+
wa»a whirh are a HawailaTI rJeiic.any eaten ra+.
Wana ere get b].~sck with lang, aced.le-like
spintb The epinee are pvLSOCLv»e arId eae.fly
penetrat.C ihe eke n when touched., fhe eamon.
wana ie EchirIathrix sP, Diadema ap. are
faund vEf the Big Island, The: sl.vie»te wi11
oat likely arIcvoTIt.er these except paesibly
yvucIg epecimene which may b» I ci ahull aw
water,

ECHINQTNR/X SP,

black spi~iee, alan faund in decpez' water This Iirchin has the habit vE
camaot'legLTIg I;eP1I wi I h a raver af pebbles and eence gz'at»» wliic.t> it aavee
ante iteel f .

A tide pool vie it. give" Oppnrt~inity ta vier shallow water vLchl»s
their narouIl hilbi ac a».d eti>dy their generaL ccolvgv, 1'err farther c.lace
vbservalioIl, a few <!rchine may be brvught back to cire claae t.enk ar kept
brie f ly Ln Qpl'0 tpR Sa? l arI ] are. I.pan camplei lvn vi tiie at udent irIvestiga-
t LAne, the urchioe ehauld bc z'et uz'ried Ca the aea ~

5 EN' 9 2 ~ .3Prablem 3, FIELD 05SFRVATIO.'Ig

Durlag ~<rl Kxceoded Field Trip ccI a tide paal ares, sea iirc:Itin abeerva-
t fan and d,fecusaian may accopy 1% to .3A minutes ct t.hp ll8 j e agenda, depend-
iclg vi'I «rehin variety ecId sb»lldance, and an student. ietereet and ab ilail.y.
gee gentian I an ExtcnlarJ I:teld Trip planning, anJ Pro@ed«res.
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ilies fil t tdel pool R and an. racks at

izes and calars af vrchfns can yav t

Look far flat, bise.k»rchfns an e rack face in the s

Usn yvv gi'.  o  !de pool I.irchin ant af its rack hale
in.g ar breaking itY

'~'hat ather animals Live wit.h «e neer the v.t'china

Lank uctder the urchin far  Any mal],veks and warms vbich live an
 he»robed n. sear its mouth.

Vl>at da yau think sea urchins cat~

Keep an. eye aut f ar sea urchin tests  skel ' arly!

So est> d Praccdl3cL's,

Prvpar  s vrJe4ts tvr r te3d oliservatians af sea orchfne by ga3ng ever
sore or all the Problem questions abave. Pictures ar sketchee of nrchins
and an urchin tr. sr  eke:le i!n! migll t be ehown to them sn that. they wLLl krrow
whar they are to leak for bot wfthave revealing a,aavets  <i t.he observatian
quest Lans, Az alt.c'.Liiat. tve is t n Mat r iintil the c.lass is gathered a  itic
liearh Then. show therL an Urchin, @bile at the sam. Lirn& S«ggesting same
observations t.hr y zlght m <kc'., vent Ag the above quest lans as a gr nares gvtc3e

The questian an sizes mfght be «new '.tee] t» the field vith a guess
i;e»  lmetere or Car:hee or by campezisan with something af famt1 ter size such
as e hen's egg ar one'e own t.humb. Spe'c1  Li measvremen.t in. Lnchee ar cm

or e 1 owe-«p vicar Ln the lab are tory�.

  erat Lnp, a see urchin avt at its hair fn the cvz'al l e next ta irapas-
sible without brealr, in@ e:L .her t tie vrchtn or the rack. The trick is �
<llelodge the»rchfn. before it clanrps dawn Lightly in tnepcinse ta heing
discurbed. Studene guesses as r.a wtiat ces»rchins might eat can b  bilsed
an, wliet'e tl>ey 13 ve, what lives araLLnd them, and abservat lnrls of what kind
at teeth ar mouth structvres  hey have

Gh3 ll'5 ], 2 ~ 3Problem ~s. CLASSR9DM ORSON.'hkrh'L'J  lN5 OF 'RF.A llRCHINR.

Ihf s prablem can came n E e t  be f ield observatians have bc>. n nr~ade, nr
i  may ~eL've ns an tntradvctian ta sea orchfns far stvder<r.S w!>n were Laa
young ar had na appartonity tv vbsez've v 'chtils <» the field.
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Nateriels.

gy lay, �y,'~q r $zji,~r~p r!zvp f»g ~g=qq~vq ~ i~~«~ > pyre

' 4';e~ '-�' ' 'r~p > J"�,'.ic ~ e'. , <>> ~lip Pgr . r,'J>~tls3  ' i 8 C IAp 8vL L e!rte ei~>e'ri"
~.',a;vzrs 'Wth sece e!i-Ce'z' iud ivl liM." 8 4a'8~0 Obli 1%<»<i«

fez.s;

What sizes are sea orchins t In trying  i. rre ter~inc the size af e
vl � lii, wh;> t clio»1 d yau. measure" ice height, Ciarttct.E't, 1 e»gth

af spines' diameter ai bvdy vi hvv  8p<nee?

What tLiffercnt. ki»ds vl bvdy part.s ilaes e see orchin have, Lavk
for tobe feet.. Ham lang are the tob<' E<'i, t c.-vms!arerl to belie spines?
hc<.;111 t.';>c "1�»ec»1 eke ar da they dif fer in 1cngths and v hat'
charac.t.eristics? t,ao the spines triavil.'

Kaw da sea urchius  Dave? Vatch on vrelif» c.litrib the glass wa31 af
 hc' »rlvdf 1 vrir i!t' i! t a gl ass I ar. C'hserve the toavt'trrents vf rhc. rube
f eet. thru«gh the glass.

Dces ac urchin have. tobe .'< i. i a! 1 aver ice body ar arily an t.hr
crawl!os sisr fane? Caref«lly place en urchin vn yvur hi1ll6 Are che
tube l ce soft, sticky,  vp weslr. to feel~ Da the spines prick.

Ham fast., in inch s vr cet< !meter.g per min«te, can e sea urchin
move? Can yau change t.he lip,ht. cr favd sup~ily ot' crt tier circtittr-
stances ta tttake it nvvO I iiSt e t'?

turn an urchin opsldc dawn,  .'.;i» he right himselE?

Place a snail et.ane ar other abjcc  vs> l,ol! nf che spines. Whet
does the»rohh« da abaft. it., iE anything.l

How does an»rabin. eat? =xat inc the mvuth, t;au yvv eee five teech?
f iv  t r. cth and  hi, t>yz'<I-w» 1 1 ed etrvctvre behind them have a

shape like eri a i>3 . reek lantern, Thr tc 'th an<3 five baney struct-
uress are cail>.d Arls vtle'v 1;<oterri  Who was Aristotle?!

What dves a srv ve' 'hi» eat? P> eddic.t. what yau think y iv sl'iav]d
feed your urchins. Night. tt ey cat same at  lie things already in
i 4+ i. 1;t.r. t;>rik? 44ie t' king's of Eaads da the.'ir mvut.l'>.s, t eel ''i, end
tsaveriencs scrm t i indi<",i c they iiii abc be able ta haridle,

~Su g~r'. e t crt Proc eel» r es .

 ]«esr.ioos arid cazanents adapted f ran thL ]7 'Ubl em rLueqciooe aibave ~y be
helpful ln st imuiat tnt  lie sr«llents in ease they Eall by t.h  waysi6i'  »
p»rsvi»g, f»vestigations an sea o:chins vn  h  I r vw» 1»<tiative.
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Io e 6attet'y-aerated bucket. cia' pat, brinp back fz'om the reef eufffcl-
ent urchine far each group ef student abservors tv have at least o»e fn a
glass Jar. The sides of a place jar allov observation af  he maoth area
and tobe Eeet and spine actioil vhile crawling.

ZactL gra<ip aE students alaa rieeda a shallow pan cif see water lot'
observing same of the nther sea orchain behaviors.

For size m'.amazement, almas.t any Standard the etudeOCS decide opan fg
useable prnvided they all measure the macule ray, l:or exampie, they may all
asree ta measure d,ioiIIecer from spine tip to spine tip Look] a.g dawn fram
abave, or Chey may decide to oenpare urchirrs by meagoring their hei gllts,

the size of the bOdy praper, nat coorIt ieg s,pince.

4I7I iB $ t Oreg, b i t s o f alum].rIuIII f ai 1, and o the r Ob] ec ra are placed O~
tap af an urchin, the SpineS usually move LO rIegcitiate the Ob]eat off the

spined urchin vhich purpagely picks up small staee arid puts Chem an top of
itself as a cocci»flage.

The stolen.ts might try a vax'Lacy af faads ta sre i f they can detecC
Epaid chcifcee.. Predaminant Ly, urchfne are algae: eaters, particularly of
rock-encrust Lng algae vhich they rasp o EE vith their te'etta, Rasping. may be
Observed an the encrusted algae cia the sides oE Che aqoariucI glagg.

ftor ixg the f ew days o< veek that the studc.rI  g are abservirIg t.heir
urchfne in gallarI gl asS l ars or flat paLi8 ~ change Lhc sea ~ater every Lva
or tlirt ee days, unlese cloodfng aF the vater from veer feeding indicates a
mare frcquerII, change. After about a @reek, one or Leo urChine can be
r etained f ar the c Lass. 1 a.nk and the rest be retiurned ta the gea

Hr N~>S 1 ~ 2, 3Px'emblem 5. THE SEA VN;H1N TEST  'SKELETON!

7he studerite Inay have f aond a vhOJ.e
or a piece: of sea urchin Lest, on. the beach.
People «f ten keep uz'elite tests as ornaments
in thr ir hciugea Perhaps one. ay mare af
these could be borrowed Ear class obsc'.rua-
t iorI,

Regardiag bady parts' the etudents should nate the mouth and teeth,
the spines vhich ere movable ln a "ball and cocle[" type ]aint ia the. skele-
ton, and the saf t, suet ion rJ,igk tube f eet. A plvIIIbers helper oz oCher soc-
L fvn deviCeS CaoM he ueed ta deIaoaS raCe hav the tube Eeet keep the uz'chio.
e.ticking, ta the sides of the glass wall.
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Problems',

is a sea urchfn t.est? What daes. J.t seem to be made of~

h0 foe kinds and numbers of huorpe an t.he  est. ~ Notice the pd
Df t.he bumpc-

What mlglit he the ceusc vt ilie humps an the  est.~

What. might the hales a,t. Lhe tap and battaro vf the test be Eaz'

What. mfpIit be the use vf;< rect ta a sea. uz'Cfire?

WI:ia  nr8 or c.reft abjcc f cnicld you makr wLfh s s.ea urchfn tes

5u est.cd Prvcedul es-

Studr n s mvv be able Lo surmfse: far themselves t.hLa t the sea urchin
 es  le the «rchin's skulcl.vn whfc'.h protects the. soFt body parts oa4 pra-
vfdes anchorage f ar Ltie spines. Thr bumps oe the test ace.  he brackets in.
vhfch  he epioes are set. 5e. uvre the sLudcnts not' fc:e that the rmw oi
bumps up thr s dv'.s «F the eesL fran mouth ta ceater tv~i ere five io number
1'h[' fs the sea urchin's cl;Il,m to membership iri rhe star fish p/lyl ~i>.

T!ie ho 1 e in. the bat tv@ of rhe test is '.vr  lie mouth�. The hale < o the
tap is the aoaL apenLilg, Water is alev  zsnepareed thrvugti the test wail
v fa t fny s i eve hei es.

Rags rdl<>g what a test fs maffle of, ff t.he st.use»te have alread,y s uR fed
see shells they wi],l know the vfnegar test far c:alcium carbonsre ard e'en
apply it.  <> a piece af test wiLti I!oaf t fve rcsul s,

0th 'L 5es l.rc'hin Possibili t fcs,

 'rvw h a I sea urchfns fs ~ir<ibshty eoa slow t o hald the Lnt.et'ee t «f
youns chf ldren, but fvr any @ha ere in <'z'eared., data migti  be kept ao
increase in d,i;amer.er fram we.ck  a week ar month ta roach.

A  sp8Motng dirae, ms?e urv!icons spew ant c 1 a«ds at vhfla semen while
the rezalc reise:awe.s Cl ouds of yc flow egg.s inta the w~ .er. The phcnvmenoD
might by chance be observed,

~ee urchin tests are era  le~i fata arnenen c of al? sorts. Ilie
students' creative fmsp fna t fons migh  g$ ve orfgin ta any ribber af beauti fxi3
v ' io creating. artiEacts.
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<ancturion <v Sea ilrrhi.n Znvese~iations.

Stages.[ notebooks should reflux c t. what. � '.y have '4een s tidying, abaut
sea urchine: abaervat iona,  '.xperimeete,, data, diagrams, canclusivL>s,
pve  ry, 8Cat L eS, ar c wazk, etc. Sue the YROCEthH MAhllA1. ori stiAeri.t report-
ing, techriiquos.

SEA CLCLMEZPS

T a t rodu.c t i a n.

Sea eucuabers are members oi Phy 1iLm Kchinadermata, Class Halo huron de'>
Havaii has Tna»y ge»era. a»d species at holvthur Ii»s 'Phase around most of
ovr shorelines are tough-skinny..d, rg»se i» size fram two inches t.o  wa feet,
arid in colvz' i x'om l. l,ack tn brawn ta reddish  v p~a3,e One spectacular
species iri Ka»tahe Bay is  hi»-.ski a»ed., 1 ipht. colored, and Lvng @hen it
is l LELvrJ vu  v E [Ixe eater, the skin strer et' 'k i?vt lengthwise. The innr r
organs flow dasw inta the daniel f»g pnrr3ons of the body vhili  he parL held
in the. hand cv3laliees into vhat. resemb?es an empty sect ion of limp inteetinr .

SEA

CUCUMBER

'Ilie sea rncuaher's elaiz. ta mcmbr.rshIli;<mong the echXnaderma rests
chiefly with its five roars vf recllcced t.ube fee.t whir t> z'v-i the le»gth af the
body f rvm move h to an»s. See cucumbvz's ] I ve t n arid a» sandy bat  vms ~ >a<e-
times sheltered u»dr. c z'oak overhangs ..hey are E 1J.te'.r Feeder s, taking in
serial ailil cletr  tns vith the help vt  h  I. r oral tentacles as Lhc y  uonel
through the sand, Sa»d liel lets are extruded Ervm rhe snvs.

Respiratory t.ru s, wli f c!i are much canvas.ur.e<l riihcil es ere vacated jus 
ins de:  he ari;il i a»sl, The rhytrinic pule;<ting of the anus pumps ~ater,
fran which oxygen is «xtrsrted, in a»d aut vt rhe respiratory trees. 1'tie
epee<i nf t' he p»'se is related to  hc. temperature af the wa er

hs a d<fe»sv'. o  under st.ress, the s< s r:ncuzber expells  e~iscera.~ es!
its complete set ai c< spl rs tory t.reee arid so~e other internal organs, sp .w-
ing t.t~e.n on  1lke tnog thin skeiris ai sli;~p,!petti. The cucunbe. ' eve» rep,eri-
erates a net set af inner orgy»s.
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A tiny b] ack and white c rsl>, L.issacercinus sp,, chives inside the nrouch
eavitv af  he eea eucurirber as its natural t>ebs tat-

The Chinese werc the first to gather and dry sea cv .embers which are
enid ae "traps»p," or "beche de mer" for rrraki»,g a highly prized gnnrmet soup.

~Inve&tt at.ian vj.Lh Sea Cocumberr .

Problem 6, F1F1.3 OBSLrRVhl'70ÃR OZ SEA O'LIGlMBERS BANDS 1, 2 ~ 3

Sea cut'uruhers are bes t examined i» tt>e f ield y talon le f t there. Sr a
r oeumhers ere mvst easily f aun I. st law tide cur J.e I. inca a crevice 3 n rite
rPCf, ionking likr pat t n E a dark rack 1 ightly covered wt Ch a thin layer o I
sand.

M t . r l z 1 s.

k far sea cu.c.uhers an the t'ee-f,

ere do you final them'7 Are they ~re often an baze ranks'?
ang sea ieeds? in ttLe sand'7 an top eE the sand~ in  he m

c.o1nr are they? S,arne t.ines tt>ey have a layer vt sand stic
thea. Ores your epecimc'.» have send vn <t? Why roigh   he 1
ss»d he there? I e it. an ace i@le»t nr does il. serve a purpae

t diEferent sires aE sea cucuoi4ers can you ll»c3'7 'k'hat is
gest as<I smallest.".

k up a sea. cucumber, They are no[, pnisanaue and will lent.

5~lueeze it genr.1y What canoe nuc'2

lank at your ha»ds ef ter you have handled a black see cucurrrbe
Fram the skin. af sacJ ' blank see cu umbere a red dyr rube off o
your ski» Zt is nnt barmtul.

 cant'd v» next page!
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P r ab 1 ems;  c v<i  ' d !

Put yvur f iL+er in.to the mouth of e sea cue.umber. You nay find a
little black and +hi.l.  cx'1b i i  he 'e, Take f I. nut snd examine

Tliis li t  le r.rab lives in sea c.ucocaber mouths.

l' it s eel ciii.LLmber inta a bocket af sea water, Lf t.he ~i»im81
becomes tao warm vz';i«camf ore;<41 e, it may eviacerete. "Eviscerate"
mean>  Ci .'.;I>ew ciut the viscera ar inner organs. This is hvw a sea
cucumber frightams L s e»aires, Afterwards, it grows a new set
v f in !e c orna»s. IE yaor see cocurabi r is rr loctant tv eve.seer»  ,
yau can induce L  by '!doing 8 very small amounts aE hauseha?d
amminnia inta the bucket of sea water. Examine t t>P. v'LSCeL~ >bt c4

have be> n spewurJ vu L, I'eel the et ickiness.

Ezanicie the sides vf;! see ciii.iimlier body. 92t has five rave of
small cube feet. ci»d them. The rvvs are: usoaily Aa  the
diseacices apart., »vz' a].l el the came size How are they arranged'

' oak Ear t.he mvuth tent.ac?ex, They nay lie withdrawn, or they nay
be: ~t.ee ctied ciiit What da you. think they are far~ What dv yvu
think a sea czcumhur eats,

$ll ee /pi! ' t'Aced«res.

Qhc.",1 $ [$» s [ »der r.s ho t d u.p e see cucumber and gently squeeze ~ ivtiai
usually cares aot is a ser an v f iv;«c r. I'rciiii i.hie yn» might help the
s orle»i s racir 1 «lie that the cucumber is no t solid "nr. at" but ciin  ~i4 48 i'i«r»
see water.

~e;> r.»ciimher nay eviscerate with na morc prava-
in a students' hand.s, In  ha t. eeoc the g t.ice»c

< r5 ee. ta f ree himself Eram the sticky mess. It
harmtot..

ZC is passibL»  h'i  il
c.ac3 cici than being sq»eezed
is in. far a surprise as
is an.ly «neamfortahle, nac

/van en e«i veil>er s at law t ide lia at res   i J  h t. i»l. ocLe~ « t.hd» ~wii-
'ii'it.h lock, yao noway tind v»u;ic.-l, Ively feeding, in vhich case cal? student
st tention. ra the aical Centaclee and  he vTidvlvc l»p, iiicit icine. es tile snimal
marks its way t.hraugti  h i

It. ~y ba nc.casually cci teach same sea cucumber vocabulary, This can
lie dci»e during the student. abservatlans as L>e< rJ f <ic ue i»g the terms arises
Def init.ions are givun her' i l n cine 'fisc for teacher convenience,

The stv3ea .e may have same difficulty f indirig their first sea cucumber
because of the goad camvu t lagc' v l ~a»8 c ov er f»p, their bodice. Zt usually
causes svae gatv.iieet excitement ta ind haw big sano vf thu sp cia 'res cail
grow. Sane very small sea cu.cvrrbere may .also he fourid.
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Voc'. sb ulnar

ORAL; at' or toward  h!,'. Ino«th end a f an <tnt''<1

ANAL; i  or toward th<'. a»«s or defecating end of en animal

VC5 '.FRAI .the.' in ez'nal body organE, vE m. animal

FVISCERATE: epewing out cE vis@:era dane by sea c«c«mbers

FERISTAL5l&, or FERISTALT1C Ai'.TTI3N: a wavy series a E can!tract la»s,z»c3
expensivns whtrh pass aJ.cng 0 ttsbixlar organ suctt its en intestine.
Paris t,iLeis moves food thro«gh an intest t»al tract, includ.l.»g  he
it«man intes lital erect ~

RES'PTRATORY TRLLS . 'wneh branch!.d  vbnlee in sea cu.cumbers connected.
to the anal canal c.'htoh extract vxyge» from sea water vs tile
wacer is !roved in an,d out,

Fra'blew 7 1.ARORATDRY Zb4 E5 I'TGATTQ'NS VN SEA CLICUHPERH

This prnblem fe recamm!.«rJed o»ly fDr tr achet'.s and stude»ts. wh0 li~ve
sv.~f to.tent deva!tio» ta sex cucuzbers  o be willing. ta clean, »p the mess and.
cantami»8 t' toIt they usually I> Y'nduce. Keep it>c+ ov!t of the c lass,sq!ssritIra
sn,d maintain th!.'m t » t.heir own tank, Thea aL 1c.'ast or! 1 y nne taJJk will
become'. fo«led. Also, ~! rk arith sraall I;pe'o t me»e.

One pilot. ti.aclIer, using except. la«ally young sc.'a cvC«mhers, was abl».
ta mal»l. >t» thee successful? ly I or veeke in a J,~at'pe zr!d aeasaneil !.'l,ace
;tqvorinci. Hawev  c t lite is nat the ge.»e:raI experience vr good luck.

7hie ectivity;t.",g!tme~ that abse:rvir3ons an sea rvcuiI!ber general appe.a. '-
ance a»clbehavior has already been done at th  be~anh

Materials,

I
e~hez oc'v;' it'.rpr . -.',th se - ~'e'.S', .ifi:7". p 8 6'~8, i~A 4

a>~.'.' '"' pre~ hp.,;p:2.h W' Q Q J'' ~: .~I!Mp + ' J @V+I pp QJ Qf;'I'!x ,'.!
� k I! . JI. '?r ' c  .'~ d i y P 8'Ã� > ' !i/I/o'I ,5! PJ!.   g '~ !'2. LCD.: J'8 ~C "g ~g 4>?7,'
-Far.: 'iv! s

,m>iJljg i? %van F+i >z l>.' QJvP-P ' .. 1 6f'8<i ~P.%+7. +i »88    J tC
Pg "0  .;. ' ' g'!i. �.VP.P.K' .;37"f '''I.! ! '. i. 7   I. P. ", 5I

� "'ha." e'.qk"..';,evr..; .~!ki! 1: ~'A,'r.'.',~ 8~u: e.". z !x;.y M&1' T'nv .,.war
ii <'!pair" F!ris

Problems;

How does c sea cucumber burrow thzacIgh sanrJ7 liow does it moV '. <te,
bvii y f o ~a-.d 7

 r.ont 'd a» next p.~g,e!
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jem8  cant'd!

t[aw 4a the tentacles ax'Ov»4 Lhe raauth move? What are I.hey doingt
Haw many  enter.l es ar raws af tents«le:s eon yau c aunt?

What coco .s vugg. r f the sea cucumber a   hc i»al end? Vau vill
Aatine that much vf lt ls vail l H'aw dfd all that eancf gc..  ls> r
the sea c:.vcvmher? Why da yau think a see. cur.vmher wauld take in
ev eurh sand?

With s hand lens,  .xaxiae the ffve raws a. tube Eeet a3.0og t/>e
lengtli vf the bady. Haw da they cocopa 'e with the tube feet af
sea urchfns and. bri  l '. etare~

Wlien s see cucumber is Lying et i l 1 ~ natice any pulsing moveme»t8
at Lne anal  .n l a  Che enimsl. These mcveme.n e are r ausing water
 e mave in and aut af th '. t'eapiratary trees. What mfght the
reepfratary  z'eee da wfth s canstant «hange nf sea water?

Caunt haw many CeSpfratary pulses per minute'. Cha»ge the
I.e:mperature af the water. Le:C the Sea cueumher edjust t.a the
nev temperate uz'e t vr abnu.t f ive minutes. Then coun.t the number
ot respfratary pulses per micLv e it the new temperature, Tey
several d JEf e:z'eight temperatures. What can yon  .nnn1iAe ebaut the
ef feet af temperature vn  he rite af respirstian~

Vhat ather invest gaga L NnS w»iield yau like ta nake vsi ya»r sea
cucumber'

Su~ected Praceduz'e.s,

Hea cucurobet movements are nat easy ta obset've berceuse ~ast aE the
Live the' anfcnais 1 fe st.ill in thr san,d, ll~ever aft.er e day or twas tt>e
students may nat.ice bv '9m'»g, cracks and pellr ts vE e~enii which have been
expe.lleii fraa the anus. The sand 18 gathered in by the mouth  e» thales
and passed Lhrougl>  lie digestfve t.rac.t by perks d] tie: aetian. Oa the way
through, f u»gi, haeteria, and. athez'  < db< ta af nauriehment are ex ear.ted
fram the sand. The gra3ne are expelled from the es»is held tagether by a
reuters Hei cueumbers are «all 'd f33 ter feeders.,

The reepfratary pulsatian moves aet'sted water through th» recept t'i-
tary trees vherr. oxygen f e extracted. Thr respiz'a ol y pi~1 se quiekecis wf Lh
a rise in t mpez'a. vt e and slave with a «vvl in@ of che water. Give Lhe
anfzals ample time to arJ j»s t. ta the new water  emperor»re beEare takfng
the <esp iritary pulse c aunt,

hf ter nbeervetians are «ample:te, rett>rn the sea cur ocnbetc; to tl!eir
cia t ura I hsb i La t .
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BAH
 2, 3Fzr!blem R. THE ECllINODERMS

AEcer the atvderrts have observed two c!r all three of the memberE vf
the echinv3erms gfvr rr here, r!amply, brittle sl.are, sea urchins ~ sod sea
cucumbers, they shpirld be able Co draco' a cvnclusior! about characterize! cq
they havp. tn. common,

}'ynb} ems;

Look a4 your sketches a.rrd natee Oboe>t brit t 14 sCars, sea utching,
arid sea encumbers What borly structuz'es ar characteristics do all
af them hi1ve irr camrrwn7

These t,hyee arrimals ~ slang with r thers from rJeeper io the sea,
are called. ec.hinaderms pr'hie:h meatrs "spirrey skinhed«. Is this a
govt rraa!e? Can yov think af 8oee other carves vhfch world descrfbr..
this groop oE snivels~

Assist c.'he stLrdents to note that all the meTobers of this grovp have
tnbP. feet which, lO one patter'rr or anathPr ~ are arranged fn roars af five
The spiney skirr is eat so obvione le sea encumbers although this also is
a pro«p character'i itic..

Studente may prefer a came 1fke "f l ve pointers" or some euch as their
itrv»ntipn..

::'0

FROM SHELLS TO A STI3TTER  A pnez}e for alder' e}ea!e~tary etvderrCS!
.:8

C 0 W R I E S Stare wilh ~s bunch oE reveries,
8: '0:

':'C

Tak» oi!.t the "1" ar!d x eaiz'aege the re.minirrg .-,~
le.stere int0 .i deed ot' borrd held 3 o security ~-:

Out vi C]> the "w":rod get the paints r.aroed
Jarring an ath}etic g,arne.

!8!
Rewove the «s" and get iatc the very raid. � :::l

.::.a 4
d l e o f things.

 8! .! 8.:

8!::;8:5, Sllbtrac,t t tie "c" and Egad some f ] sh eggs.
'.O.':

: O.':

LP.  go oi th» «v" an,d yvv are left w[Ch a:ia
gtu.t t.er. .:;8!

8
 An8We r. c.orrries eSe raw! E ca rp ~ Oor e, roe, t r, !
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6, NER]TEs AN9 pERj;wj.'NKLEs

I n trad uc' c i an,

gv Y caHBlo» H.awai 1«» h I ack, rounded oe r i te B
 p 1 pi@is! «»d grey, pointed periwfn'kles ere
mar i<ie malluskg of the gaea snail class
f '.astropa8 <!. Bac~ivse thr y are air breethez'8,
these twa sn«l la c.an live ebave Che vat+r
1ine or> rocks whe:re they are bath ab«odenum.
and, easily iccese.ib le,

NiER I TEs

Late.r, che stude»ts vill have opportu.-
nity ta laak nt many bea»tifnl deep vataz'
shells whir.h are not seen In t.he 1iv/rig
st«  e at the slioreline, Heritage .md pez't-
wi»kles offer appa<tisaity tv etu.dy se.a
shells vhfch are eti11 fit the passe.asian vf
 be snail abfmals tt>at make  hem. PER I W INKLE S

In cvllec ting sriails iaz' Classroom clark it should br. hraupht I<> rhe
child re»'s at t.enl ian that i f every c1ass fn every er !iridal colic< I e3 dazr os
vi snails «iid f ail<4  o return them ta t' he racks a fterwarcl', ve cau].d wipe
au  the spec les ifespitr  heir abundance along oar shv rely.nes a [ rhe prese'.».t.
t ime,

Boa Rasil Znveeei~ations.

BAhDS J, 2, 3Prablem 1, I IR].D OBSE.RVATIO'NS

t'erivin'k'] es and ne.rites are beet st<<died at i'.he beacli where t.he ecu.-
clente san observe their C lusterins and nv e the zvniatian, Per'iwinklas
usually live hiph an the dz'y rocks; cierites «r'e below closer to  he wats.r
1 inc,

1'he fallvwfnp, mal r.f tudinous q<>est lans are no  for readi»g ar givt»g
verbatim to stodente. They are suggestiaos Ear teachers ta keep in mind
and vse as f eagible during the t ime at. the beech,

AS '

*&at colaz'g end shapes arr oerites a»J. periwi<ikles?

>Vha  size Is a ner ite: and a periwinkle «omparad co your E l»per t
pr sme other tami liar abject. How lonp, ari'  hey? Hav wide? iAib
eizeg are t.he: big.gest aa.d the smallest. 0aes yau. a«n find?

 'cant'c3 o» next page!
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I
~Pzoble~ .  cane ' d!
I

What kind of roc.ks da the nerites and periwiuklee live vn? rou8h?
smooth'7 both ronm.h ah8 8%path'7 d.ry'P wet. botll?

Vere oo the rocks da the nerites and perivfnklee live? near the
water'? high up7 io the cracks7 m. open flat sux'faces?

How c.ight.ly do they cling. ta the rack> Ie. it heed c,a pick ebem
of E?

Da neritee an8 petiwin.klee. live aixe8 together or does each ktnd
of snail keep with ice. own hind?

+Da ne<iies b~nch together vx' dace each e.nail go ita own ~ay7

*Do perivirLkles crowd cogent.her or does each one keep to itself7

Gan yav. find nerltea and periwinklea in the send? on  be caral7
io the tide pools'P

+Do Bea e nails alcove ot d.a they always e t ay in the e ave spot 7 Did
you e.ee ar.y aE chem mave7

Pick a nerite or a periwinkle off the rvck an1 quickly look ae
its foot,  Its Eoot ie the rubbery-looking part on which it reste. !

Place I.he verite or periwinkle vpSide dawn in a very Small pool of
sea weter and watch  Ce foot come out. of the abel3.. 'Watch for e
few minuc.ee to see what the snail daeB.

Clat else, if anything, lives vhere the net'i Cea an.d perivinkles
live'F Any sea weed7 Pay other rack-dwelling snimale7

~What. 6o yov eMuk sea snails es17 Vbst da their relet.ivee ~ the
land snails  garden 81Liss!, eat 7

~lndicatee quee.tioos which can be need in PrUbl.em 2 also.

~$u ected Procedures.

Pet up a Eield tz'ip, either a she rt t ei p far the sole purpose of
obsex'vying sea snails an shoreline rocks, ar make sea snail abserva-
tiane a half hour ot an baur pox't ion of an Extended Picld, Trfp, See
Section I on Extended Field Tripe far ideae an management and arrange-
ment e..

Aica for a law oY' an aucgaing C.ice far eaEety's sake, even though
oex'itee and periwinklee live abave the water line
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Bc Epee going on the field tx'ip, shov th» sivdents a quick raunch sketch
ot picture: of neritca Bud perivinkles sa that they ~ill know vhat tlley
are. l aaking for, boy da nat desex'ihe details, That vilL be their jab
ta observe.,

Prom the oiLmerous questiane in Problem 1, give 0 fev questions ta the
Studente. ahead af time ta give them eoraething, to start laoking far.
The remainder of the queSt Lane. in PE'0blem 1 can reSide ia the t.e«cher's
head or packet, l.ater in the field vhile the observa !ass are in pro-
gress, d,x'vp additiarral qx<estiaas infra!rmally her» and there tv mB ch
abServational appartunities. Qiestiane can be curtail»d, Or expended
ta match the petienc», 3 n.t.crest span ~ and ability i! f the claea,

BAND l atvdents caarplcte their vark I or the day @he» they have observed,
re.marked, exclaimer', and are about to grow �yed.

bAh'Dg 2 and 3 studente can be expected to c]o some notebook reporting
with sketches. S»e  he PROGRAN NA5l.'AL far reporting format.

BAVDS l, 2 ~ 3Problem 2. CLASSY' OBSERVAIZOhH.

This problem preaupposea  he set ting up of a gallon ]sr vith a trans-
parent plastic nchianeyu as ahavn in the diagram.

1'he eight questions in Problem l marked, vitl> aa. + b»lang here in
Prablem 2 if they were no  dove in Problem 1. The questiaas below «re
addit Lane..

I'
'Problems;

F3.ace i few neritc8 arel perivinkles within the plsscic circLe a 
the bat.tom vf  he gallon ]Jr What do  hey da? Wher» do they ga?

Da all the snails move together in an» bun@1> ar do they trevel
b ~ Vf h Ea! any "follow  he leader" behavior. Do many

ader, oL cooly e few, ar nane?

ic coLumn da they go? Bo they all sl,rp at
there a differ'cote in heigh s sought by
i th pc r Lw i n.k 1 ea 7

ing, are. they bnncbec] together, or 8a they
ate spots~

the f aa t tl> rau.gh the I. z'8.o 8 per en t pl«a t l c
move ao its faat,

 cant'd on next page!
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lems . ' cont 'd!

How does a sea snail stick ta the plaetfc? Feel Che Crack left
behind as it crsvls. Pf.ck «smail aff the plastic to see hov
tightly or loosely <t holds an.

Pick a snail off the plastic and vatch the moveaent of its favt.
«s yolk held it in the air. Then place f.t +~side dawn in a
shallow pan of sea vater and wat .h what its foot does.

Does a sea anaf.l crawl faeCer ~ or slaver, ar differently, ia
erg.ter than it 4oes cm dry plastic?

Using. non � water-ealuble ink nr paint ~ mark  he snail she?la sa
that. you can latex' fdenCify indivhiual shells. Rake data oa a
map shaving vhere each snail Za located eac.h day.

How fast dace «sea sriail move up the aide af a transparent plod  ic
cylinder? Uee a vatc.h and a ruler tv measure Che speed in. inc.hes
az cent izete z's per mi n o C e.

Do you agree vl h  he expreseian "slav as a snail" ? Try the. follv-
tng arithmetic prob?em on snail speed «ad see vhat yau think. You.
are abaft laO  fees bigger than a nerite or periwinkl»  «asomfag a
student ie 50 ar 60 aches tall and a snai'l is Q inch ar 3/8 inch
long!, Multfp]y Che distance which a snail moved. Jn one. taiavte  .ives
100. 7his is hav far th» snail might move in ane minute if the snail
were yoor size:, Hm maes thie speed compare with your human d~

ffhat «re yoo gotng to dn with yaor sea snails vhen you have:
finished observing thea?

pt  r'i>i eum
el I y an r it@

Su ected procedures,

Set up a gallon ]at eea snail cank
g.a fol, 1 aws plast i 

lied into

cy] ii'aderRoll u.p a rectanp,e of stiEf, trans-
parent plaat fc ta form a tall cylinder,

1 ea s t three Eeet high . marked

i «pa

Rake the diaaeter of the "eh',mneyu
tv EZ  sauggly thra~>gh the neck of a
1ar ge-mao thed, g la as gal? 0 A ] ar, gal 1nn

gl 88s
jarUse a s x'ip of raSSkin8; tape ta

close Che cylinder. Mark this tape ko
i~ches or centimetet'8 to serve as a

measore an the side of the cylinde:r,

3 equi o 
sea water
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Set the cylinder into the gai' flesh agat»st the bottom, aa I.ha . sea
s»oils mua . remain itlside the cyl inder.

Put abouL an inch of see wa er inta the !ar. No terat lan ot- air
st ane is needed,

Smear petralevm jelly oz' an equivalent around the tap edge of the
plastic cylLA4er ta prevent snails fram crawltns, out over the tap, An
alternal.ive is ta cover the Lap of the cylinder viLh 0 piece af nylon
stacking hr ld, tav.t by a  'ubher band,

If the class is 18rgey Bet up several such cylinders and jara sa that
all I.he students can abeerve namfartably and aimultaneaualy,

hc. the beginnin8 of the flees obeervatfan pez'ind, place abaut a dozen.
each af neritee and periwinklea in the guJ lan jar inai4e the circle made by
the. plastic cnlnmm.

Yeas  af the observatiane. la Prablem 2 c:enter around snail movement
vhich i s easy La fnt.law when the snails are f iraL placed in  he plastic
c:vlinder. Yhey glide al~ly aver  he surface on the fx' .a~t, leaving behind.
a sl/me trail. One snail af ten follows. fn the teasel left by s previous
srail. AE er they eet l e ~ mavement hecames less percept.able unless the
pa j»t marking system is neett.

Havemente ep. and dawn in the cy],sneer can be correlate.ed with the rise
and. fall aE the tide A number af anicaala vha acct.py the intcrttd>1 arear'
display a circadim. rhyl.trth in response ta the t iBee., even wllen removed
fram tidy.l areas. A fev pilat teachers have had success in graphing dai3y
vp an4 de movements of engf?e and comparing these vith highs and laws on
the t.ide chat t.

Ea <n.g can be observed vi h a hand lees aided and abetted by cansider-
gble luck and pitience, Zmgperse a pane af glass nr heavy p]astfc in the
class aqvgrium until fc builds up a surface scum of aJgae. Flace same
snohls acL the pave and sec if rasping movements c>f the mou h can be observed
tbr Dutch the g lass .

These air brea.thing snails can rma in immavab?y attached � racks cr
the plaa ic cylimier  or claseraoe vali! Ear weeks and even @anth' vith-

aut apparent harm. When taken down and placed in sea water th .y revive
immediately,

Obeervatfons of nerfties an4 periwi»kles by BAND 1 childre» vill, af
cnnrse, be lese soph?aticated and detailed than the vril.t.e» and ill.ua,trated
nat.cbook reparts vhfch can be expected frara upper eleraentary s «dents.
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7. SEA SHELLS

laf rendu.c.t f pn.

It comes as s surprise tc saeva people that sea 8llell s are thr product
af livi~g acifmals. The precut.imp, topic, Nerites and Perfwi«klrs ~ focused
at te»tian ari the living animals which make twa of aor coaeon shoreline
she? ls, l«>asti patians in  h3 8 topic are designed ta acquaint students
vi h the spectacular beauty and variety pf shel?s. Fz'ablera 7 Ear a]dr r
etude' s ge.ts inta epee f es. ve Y iatian and the co»siderat fan of normal dis-
t rib«tian patterns. The prableme involving era f t wax'k using ehells e3 ght
prove tv bc of artistic i« cl'est ta all age gtavps with varic6 resuits
depending upon the J.r skhll.s and degx'e~s nf dexterity.

Collecting living she.lie fn affehare: a»d deep water ie beyond. the:
capabiiitv cE »early a3.1 elementary cMldren. Even if they couW collect
them, ft would no  be: adviseeble fram the paint af vfm oE canservac.Coo
A revfev at "The Shellers C.z'cede equated ia 5eo ion I af this bonk under the
heading "Canserva ion" ie apprapr fate at this time, Sef Eicieat shells are
usually available f rara haoK col]ectioas, fram 8hops, and in picture farm so
[hat students can experience the rich»esa af holdings' fee?ing, seri»g the
beauty, an<1 arriving at same understanding oE sea shelh.e.

l.h Sea Shells.

Problem 1. TKZ VARTETY OF SHELLS

sortfng shells by family,
That vlf], come later, Here

[» their ma«y ki»de, sizes, .

In this problem ve are no  cooceraed with
genus, or specfee, not about names fcr Shel,ts.
the thruet is 8imply ta became aware af ehelle
chap@8 ~ colnre, and canvolvtioas.

f'rob I erne:

What kiniIS of sea shells tao yau find samp]vs, af, ar pictures a

What calves ~ shapes, et tuctiires, and siz.ea do shells have~

Feaple of all ages ax'e: attracted ta  he beauty af color and fnrm found
fn myriad species a«d varietfee af sea shells. Serious collectors number
their shells I» the hundreds and thousands am] thef r value in coorparable
amour 8,
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Sv ected Pracedures,

l, Ae a preparation Ear this. class, sseeakle a Few real shelle and a fev
picture'eg af shells. Shaw these ta the c.lase and ask the stvden s if
they knav where they can. find ather shells.

2. Designate a "she?1 day" aa vhfch shellg aed pf stares af sheila can b»
braught ta echoal ta be Laaked at and admfred, Par ver'y yaung chil-
dt'en ~ this is imrariably the very next d.ay

3, Tl>e next step ia the act fvity v3 11 depend largely on  he quontity end
quality af shells sad pieturee vhich are b wight in.

The responge may be miafmel. Hlardly oAyane seerae ta have shells
ta share. Pictures Ney need ta be relied upon. I ibrary baake
oay be borroved having calared. platee vhich can be showa on a
screen ueing, the apaqve pra]ectar.

The respanse cay be "mfdliam." A Eew stu.de»te may bring, ia same
beach vora shells. ar perhaps gaze shell lefs. Others may have
faund pictures, Whatever spec.feels arrive ra<i he displayed,
passed araund, admired, caaxaen ed. upas ~ examined..

The respanse may be great. Someone'e. suety is a shel}er aha hae
e callet t. ion ta share with the clas&, pc.rhape even. came hereel<
ta shaw and talk abave. the ghelle. Saaeaae's big bra her has a
helmet he ie vill[ng, ta lend far a day. Cagtume shell j,ewelry
and eauvenire f rara living raam ghelves at hame may be brpu.ght in.
ta be duly admired. Students may came forth ~ith quite a variety
af beach pick-ups. A ' Shaw and Tell" an shelle may be. Feasible.

Wark vith whatever ehells and. pic ares have been braught in  a hei.p
the e tudente. to became aware af shell eizes ~ sho.peg, ealare, and
designs, The fal?aviag queet fans and directiane. traaslated. ta the
language levej. aF the blase may be used ae desired ta enhance observe-
tfans.

-Bald e shell ih your fingers ar cup it. Zn your head. Peel ft, Rub
it gently. Ie f t sabbath? Rough? Ridged7 Craaved7

-What ealar ie your shell.7 Is f t vhite and beach vern7 Dace it et foal
have @ace af its arigiaal colas'7 Does it have spate, 8 ripes ~
blatches aE caler7 Are the calare sharply defined ar do ttiey b?end
ave in o anpther7

-What shape ie your ehe! l'7 Is it raucid, maes ft have sharp edges and
pa int s?

-If it iR a large shell, hald the apeafng to yaiir ear and listen. Cab
yau heat anytl>ing?  Faetfcally yaii hear the acean. Atonally, yau
hear echaee af small savable saplf fied in  he shell ' R inner Iebyrinthe !

-Laak at the edges af t.he opening. Da yau eee t aide ar rMges? In
same epeuiee aE shelle these are cglled teeth but a  course they are
not for che ring. Ia miter e1iel?s theee folds are praminent and
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cheracterie tin of tlirt: fermi iy. Hav many ridges daes yaur sl>e.l.l have7
At'e they cafored,

-Vhat aalar t.e t tie l»side of the shell as far i~ as yau can see~

-Ze your shell a one-piece shell, az' a twa-piece shell? Tf i< l.s a
two-piece'. shall, can yao see the hinge area. where. the tvo pieces are
grvaved tv@ether~

-Do yav have aay brvkcii shells' Can yoo. see any braheLi spiral sec-
t land w hich ve r e o» ne in s i d e a she l I '7

~ l nay i.his problem is simply g t awareness leseon, the exercise comes
ta aii end vitha<!c the «seal writ ten repart.

Frablem 2. REPLICA'l'ION5 OP SPECIAL SHELLS BANDS 2, 3

l, etude»ts pay mare attentien to ~ ~rid become more aware af, shapes a»d:
textures vlie». they are engaged in repradue1»g abjccre, Attentian
needed t c copy the shel! heighteiis. and g3.ves facu,s ta observation.

2. As tlie st«dciits vark at equalling the r papcL az' dough ehelle, they
became haTidicappCd by eat k»awing vhat to aalu, "L]liS bvrap," "that
~liar]i earner," "the plac:e in ]>pre,» This leade ta queetians about
what ta ral.l thl »8s anJ gives vocabulary i earns hg a fnnc t.Lovel pur-
pn<e:- h g J.ossary af caioma» terms fot shell structures is in. the»ext.
durable+ and cail be b caught torward at tl>is t3 me l» response ta qoes-
tla»9 bLing asked.

3, There may @at be enaugh s]>e'l ] 8 lTi Lhc callectiaii f raco Problem 1 f ar
every etudeat gro«p La t>ave ane af each kind. Zf shel ]»».at.evorrhy
far r.l>el.r 8lzc, shape, ar rarity are reproduced ~ tach student graup
cen heve at least ave rapy af each special shell ta use later
Prableei 4 vn, svrting.

Shel ]8 LaL> get scratched. ar chipped ia the shvfflc af the student.t
sorting process. Vil.c,le 1'a»y will riat appreciate having ]i.is very
beat. shell returned to him with tva spines c]>hppL-.d. vff. Soch special
shelle can be put safely o» 1 ';till E for viewing only, vhile capiee of
t']inn are used by the etodents for lie»dJ ]»g. aTiii sax'ting.

Problem;

'.iake copies aE your hest, bf ggeet, vr' rarest shells.

]1er'c. ~ the studente use plizbie do«ply oL paper ta eiald shells ta dupli-
cate those ia their c< llectian. This vark af replicating shells. servee
several functions:
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~su eared ~Predures .

Select from the sihelle available Chase which offer the best ar masl.
interesting. ehepes ter reproduction, ae well ae those which need to be re-
produced sa thJC there vill be eruaugh fat  he HorCf»g. process in Problem 4,

Pr.vide theee selected ehells among the students vith the challenge I.a
eke copies of them by any means they em.. The rept'mluctia» should be
exact enovgh so that it can be used in place af the shell Eor identifica-
tion purposes later. This demand far exactmee. inceeases observe.tfon of
detail,

The follawiag ideas fat' making reproductiaas mey be c.haec~ from, ar
other ideee may be invented by teacher at stud.e»Cs,

Methad bi, Take c.a]nred. eaapehate of the 8llell. photograph from the
toP, side, bottamm and any angles oeceseary ta chaw Special feat~ree..
Nouns. the plctvres on a.cardboard.. Heasut'e t' he ehell and indicate the
attval size by scale lines dz'ann v» the c.ardboard,.

ftethod dl. Use clef or make some modeling meceriels to sculpt e re-
plication af the shell. The fallowing are three possible dough recipee:

1. VLOUR Cl>Y

l c . Iohpr

1 c salt

l ravnded tep pavfdered blue

Add water elavly and knead until a claylike coaeistency ie. reached.
Stoz'e wt'apped io vet c.lath and plastic

2. "PEOP Lb BOLIVAR"  H. Pappae!

4 c. flour

l c salt
14 e warm vatp t'

Mix flavx' a»d salt thoroughly. hdd ve.ter and mix vel?, F»cad
douglas at least 5-lQ miavCes ~ Keep unused. dough cavered with
plastic wrap to prevent crust formation, Dough cannot be etaI'ed.
Bake 20-60 minutes depend!»g ao size of farms, oaligh is done
whee it is comlll etely hard.

aaZAV AND GLUl3

Iprea h vb ite bre ad
Elmer's ar white glue

x evf f fcjent vhite glue with crumbs of fresh whit@ bread to
EaI'm a dough. else this dough f ar modeling. l,e:t dry ta hardnees.

All three of the above revipee use iogredientS gdb! ah are water e.alublc,
Far that t'casa», the finished mod.el' may abearb moistvre from the
atmosphere on humid daye . As goaa as the ehell ronde.l s are dry, spray



Hawaii Natnz'e study Prajecl.
P. . .f arId Shor .

138

with a water-praai caai lng vr c..oar. with riail palish bL fare r.oloring.
Rave  h» etude»its try ta repraduce Lhe cl .1 Ic.-ate ah.endings af ' he real.
shell in their mad> ls vying wutc.r color ar oCher pairLts.

Nethad 83, Naked,> papier marche tepradvctiarI aC a sh '1 l

Method b4. Nake a three-dimensinnd,l c~ia'aboard. shell ae tDllm:s=

Ply.re the shell an a piece af
etif t pap> L, 'I r;IC. '. around it
q.i> olitain. arI acItlirie a' .the

shap e as s «a» r  mi,Ib ave.  , ut
««t,>nd color with crayons ar
colored pencils. Yiiz'ri  h»
I!neer over and eclat toe
unde z'S LV» [ a m;ir cli the under-

s i de o f the s he 1 l.

Plac:e che shell an a table up
again.st a wall, PL~I. a pL :ee.
r>f st i f f paper on. Che wall.
Shine a Llg.hL !' o m >ke a
daw af Che shell an Lhe

paper, [,aid r.hi~ 1 p,lit at che
same level as Che shelL sv
thai. Lhl.' .'lnnl�4I wil 1 be t Ie

size .md shape ai Che shell
as sec.n  tvm  .1Ie Side Trar.e
iro«nd the edge af the sha-
daW. C«l, «LL! lnd OOLOr.

3, Anc!ivr  he .iirIa i i w l a ? h»

c:enter of the base pieoe by
>LR 1 o8 81«e, EQpe ~ or I'r .t hi,ig
by mean.s af a flap exterIaiari
ql]owed gt che. Iieet tnnI of tlirt

side view piece.

Method 45, Inv »i.. any ocher viy ta make a aapy vf a shell, sudra as by
 arvinp, from stytataanI at balsswavd, by viking detailed eke ches fram
several vir vpvin s, by IIu>kiag. rubber molds and pavr l»p. in plae ter, nr
by vhetever technic a ." fnl 1 w5 t bin t Ie capa'bilities a I  h  <rodents.
ZnsLa»C "frsvi ls" carI be vade by pressing "hi'.1 le intr. orIe at the claiiph
recipes t.a obtain imprin s-

Vhile working vl h [b» I r shelled che students vill nai I a  thaC sanIe ere
vhite and, cIIalky with warn edges while others sr< cv! ared and s iiny witl.
 i»e sharp edges, 1'he per'l»c ly formed shiny shells vere L~k» L «live arid
caemand e h J aber vari et valve among sheLL< r~, Ii»' chalky shells hav< h .en
bC >cli-worn but. they still hsv< vp's ue «s spenicIens ta: s tn<ly,
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The delicate cola<3.ag and shine af sheila can be preeet'ved by rubbing
the shell with a cloth dipped in mineral ail. Ba oat use vegetable oil
«hich vi11 attract insects ta  he collection.

~S 2, .'}Prob lem 3 SHELI STRUCTURE

This lesson inval.ving vacabu3.ary has na precise beginning ar ending.
As a point. 0f teaching efficiency, it le beet maven inta Prablem 2 abam
and iato other prableaa aad cprrvereatiaas abaft ahelle wherever and crhen-
ever stvdents need to knot a term by w'hi eh tp call a structural part

Problem,'

What are the namee. af parts of a eh@11?

~5u ceded Procedures.

'Vibist the students at their de8ke ar tablee while they are at vark
making reconstrucLiana of shells  Problem 2! . As they remark ar aek about.
"this b<dmp in here," ar "the painted tfp up here," offer the ~e Of that
part. When sheila pre being sorted in Problem 4, further oppartunitiea
gill grise Ear learning the nataee of shell parte.

The diagrams below can asst st in clarifying ~rs far ehells. At an
apprapt tate. time the diagrams might be pot oo the board ar perhaps duplise
ected vith a copy given to each street.

Teacher Back raund, Information

I. Ma-piece ahells are c:alled BIVALVES, or PELECYPQDS

UPPER VALVE

HINGE

LOWER VALVE

The t«o valves open and clase by mL'ass
af a mvscle at the hinge. Same bivalves
have extensiehs ao bath sides af the
hinge called TdTIKGS.

WINc

The list uf terre attached to the diagrams are mare extensive t.ha@ are
aeede4 by the yaunger students. Select those vhich ac'e appropriate to the
given grade level andI interest.
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2 One � piece shells ox' "ci;>i 1 shells at'v col led UNIVALVES vr GASTROPQDS

APE

SUTUR

WHOP

LA9T WHO'R

QLjTER L [P

APERTI,]RE

FOLDS OR
RLDGE5

FQLj3 s 0
R IDGE~

[NNER LI

CANAL

The t i@ L' vp p oint a. 't 4» ehe11 is the AJ'EX
 hie c:omplete .iver» or coil is a WH !RL
Groove', between the vrtIorl s ere SUTUkl'.S,
The wharls ~hie-.h farm the r.vIi of the shell are callers the SPIRE.
8.oar of the snail Lives, in. the MSY '~HARL.
The hale vr operIiog is.  h» A"ERTURZ,
The acIter edge af. c.lie aperture is r.he. OUTER LLP.
Pa?ds iovL>d on one ar bvth hips ate R1941'5,
YILe groove leac!I LZ fram the ia+i<le of che shel!. v»t ta the baM o. the

sl» 11 is the  ;ANAI'.,
I'Iiq rcIunded bumps ii» s~e shells sri oal led TUB1:R '.I:.EB ar CRA5lJI..ES.
Sharp, pot»ted ex'.en@ l vn.". oir same she J.j,.';>re ealleeI 5P! NES.
A roosted,, st>el ly or hardly "t.rap Roar" ai the aperture is called arr

 IPr,RCULUN.
The apetculom vf che urban. 'ihvl! i s nailed a GA'I''S EYE.

Hald a s'i<it w l th the spire»I> a»d the bast clime. Lnak 4'» act it
fram abave arId fallow th» spiral from apex ta apertrirc-, Y. the vrl»>i ls
ei!i 1 in. a clockw se ditectivrI, I t is a RZ'~HY IlAVDED SKELL. Most
shelves are tight ha»d»d.. Zf the vhvrle coil canrrl,crt.lookvise, li is
LEFT HAÃPKB .'iKFLL

RANGES 2, 3Problem 4. SORY'Nl SHELLS

HarIy people», t»c'lading ' vr»lg people, asmv»etr ate arr irrrrat< desire ta
put l.tiI.»ps in. order, lluri»g Prablcm I, c:hie'h a mes! ac».o mare than aware-

same stv<Ii ».ts may alrr aclv ti;>ve tematkr cI v» the likeoese»e and differ-
ences aIsang eel'. g I» shells, or v;<need ta plat.-e them ia siml lar graupirCs,
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Problem 4 gives etmlcoce an opportunity Ca exercise their tendency ta order
t hin,gs.

En thie problem the students axe Ieked to group sheila accardfng ta
their ava ideas before being, expaeed to The standard ecfenttEic classiffca-
tlpn syetem far shells. Students of m find greater sympathy and. agreemnit
with the pEEf rial eystem a ter they have labored s bit at classf fyfng an

Ch eir awo.. ta separate groups. those ehells vhfeh seem to match
er,

Sv ted P

5elore claas, ctfvide the c.laBB collection af ehells, p<cturee af shells,
and molded. repl fess af shells made by the students, into piles, mich
repreeeritatives 0 f aa many dif feroaC shell types as passible in eactL
pile.

2. Die de the etuden s foCn varkfng groups and give one pi|,e af ahelle.
ta each group,

The challenge. ta the class ls' "Group tagether the shelL.e whfoh seem
tv 8a together." Give ~a instructiane ae ta haw ta gt'oop the shells,
If the students ask far direct.iv»e the anewer fa' "Grip them a»yvay
yau. like. It'e up ta you. "

4, AJ,1pw time far the 8Cudents to work Chraugh the assLgeaent. The
length af tfee needed will de~ie»d an the comber of shells in each pile,
and. on, the interest. and ebflity oE  he students. Some possible crit.erie.
the etoden 8 iise might be;

� Groupfnp hy condftian of shell: brakr h shell bfte, beach-warn shelLs ~
"»ev" ehells,

-Grouping by size: small, medium, large.

-Graopfag. by calar.

Lrc

5, Rave each gz'ovp t'epart and, demvnetrete to the class the groupfng <t
dec&ed to Uee. Try  a mai»tain an atmosphere aE apprecfatian. arid
approval Ear whatever criteria reel> group chaee Co vark by. hl l should
be eqoally accepted. aors admired.

6. Te'll the students that the scichCLEfc eystem oE C]sssifying shel]e fs
to aart them. by shape ai' etruc.tore fata g, ou.pe called Faefl fee.. Thfe
Gaea not imply the,t the stud,ent ayI,Cema af sartin8; are neeleea., The
afffcial system ie simply t/le orie that scieilCfste have come ta agree
ae and fe osefol as a atandaz'd, international syetem.
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The diagrams belaw may be repraduced and capfem given Lv each Sl.vrJent
ta serve as a 8vlde: for sert ag the r:lace shells again., this time
according ta their scientific familiee. The cIiagrams are purpasely
anly autllne sketches tp who~ feria y aha racteriatir.e. Zt ahauld he
elf EiLieat at. the elementary level jar students tv learn iamfly names

shell provide  Cone ~ Cpwrie ~ Catch, etn.!, rather than try ea iden-
tify specific shells. by gi.nvs aa8 spcches, Ry very af except nn. ~ one
pt 92%el iljJh   $c gila.rly interest fop. ahel 1s may be trekked dawn ta genus
and species names ia a reference beak, Most Local librar es ioA a~ a
bvvks pn eliv'1J.S having, cplcred p4ptagraphs and desnripeians ta aid
vith identifieatian.

FAM1LIEs OF HIVALYES

~ W  life

SCP ELOPE

OR
PECTENS

OYSTERS

CCICKLE S
C LANI S
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FAMt L t ES OF SNA I L SHELLS

TOP SHELLS

 pearly =nil..r I ice!
TURBAN SHELLS

 i>peter.u'.um = cat's eye!

NER ITES

P ER 1W ANKLES

SIJND I ALS

<lge n«tet ll.f ]i«t, aZ tan l»i lii~ied. i.n.
~hell ~all>. c t I c»'18!
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CI3WR I ES

Tuv SHELLS

TR t TON SHELLS

MUR EX S HE LLS

peag j j. N,l'timbre 'Study Prag act
g.ii.p f end 5 ba r 

HELMET SHELLS

ROCK SHELL.S AND DRUPE5
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CONES

MtTERs

AUGERS

LtMPETS

S i PHQNAR I A

 ~ometiraes celled 1'alee l %~pet@,!
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~t! t.5 oval Activf ties.

After the etodente have finished sar ting tlxc'.5 r shells by family
graops, yov might use a nvvcabulary gacae" to help with the rememberfnp, nf
shell f aiefly naiades. Sopply epecimene far the g.ames Iry pl.r f v 'e8, the clay
vf paper re:liro8i« t fvn8. m,dr. by  he stud,cnts, and/or beech warn specimens
yau may have.

The "Naiee That Shell" Game:

Put e collection af shelve fn the center of a t able wi h studerits

seated aranrid tILc table, hach student, in turn, reaches blindly inta
the pile a f she 1ls and pi rks en.e imp, He vpcris hi s eyes, loaks et t.he
shell, anrj aoL>vuoocs fts family nacre. If he ie correct he may claim
the ehell for hie. ann stockpile Tf he does riot kn rw the name, he
puts the ehe l 1 back l o the. cent re.l pile. Af ter 10 minutee  ar ten
turns around the table, ar whenever yau. decide!,  he e vdcTit wl t h t.he
largest collec.tfon af .",hells a  his place fs the wfnner. An appraprf-
atc px'ize mfg,ht be far t.he winner La keep nn.e shell of his chptce fvr
h  e nw'n

The "Shell Trading" Game:

Give eac.h studen.t 19 sault pier.es af wr'appr 0 candy plu.s ten randamly
eel ectPd  vemvn shells in a bag  ar fn two bege!. The erudents nr3 ll
araond La negatfat.e as many tran.eactiari9 Js pvss fble in t.he Lime
allotted  PPrhaps 10 cr 15 minotes! . To negotfate a trade, a etuden.t
Lakes a ehe11 from hie bag and of fere ft to a eecvnrj stvrjeni saying.
"I' ll trade ches s4e],l for a piece af vvur candy." Ii the second
s tud.ent knave the nacre at the shell, he says, "No, rhpnk yan, 1 dv]'I
1fke  He names the shell 6y  amlly. ! Jf hr cannot

 h ' shr. ll he most accept. the ehell end farfeit. a pfece af his
candy in exchange.

At a s fgnal indicating the end af the apen trading periad, each stu-
dent may est vhatPv< r eanrlv h» has lcL his bag. Those +ha knew the
mast. ehell names have the mae t. candy t.a eat

"Calling All Shells" Game.

 :ive each player rhe came number  pe.rh ape lA ar l5! mlscellaneaus com-
man shells kept secret in an opaque bag. If passible, eac h shell fn.
tI'Ip bag etiairld be' vf 3 � I f fereilt f amply, Ideally, each bag will have
identical contents but thfs is not essentfel. Three ta eight players
eit. around a table with their bags nf shel le hidden. fn their l aps
The ob!Pct oE  his game fs to pc 1 rid vf the shells fn the bag.

The f irs  player selec a a shell  e. g, a small cene shell!, hfdes it
fn hfs ffet, extends his fist toward the center of the tnble, an4
calls out, "Calling all cones!n All other players search fn their
hagR far c ones which they sec retly hf de in. Lhei r fists and thea extend
Lhcit' Eis s out  vvacd t hr. cent vr af  he t ab J.o, lAihen r.h» lcadee secs

that each player hae a el aced fist an the tahle he calls aut. "Shaw
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yaar cones!" vhvi eiipan everyone open.s his iis  re:veal ing t.he shell li,»
is hold~ ng, Ai.l the cvz'reatly seler Led shells, in t.his casa i.ones, may
then be placed t.n. rhe center vf t'!~e table. S »de»t.s halding shel J.s
which er »nt roc es, mi;;r rr turn. their lni nrrectly namvil shells ta
 nv I r rvn bags,

Thr. n player riumber two becomes I he leader. tl . selects a she. 11 I r oiii
his bag, hvl;ls it bi,lLIe» i n his f is   vr the table, end «»nnurLnes "Call-
ing alJ,"  nam ng  h<. ehe11 lazily!, TI>e ather pJ ayers
search in  hc-.ir bags Ear;i shell ak the. family callecI  o pot inta their
tis s, A student who aannat t.frid a shel.1 in t.is hap, nf the kino col]ed
fa:, placci his empty ii 8 t on. the t.ab1» «1 th all the a hers, siiouleting
the L le is hald fog .'t shel 1 . Whr. «rhe leader rivres that all E is  s are

the tabJi-. he nails lac n shov af shvJ l.c Carrectlv' ee.lected shells
are L.i ft in. che -v»I er «i the table Inearrec  ly selected shvJ ls are
returnee tn the fridivi<In;13's bags. A v;cr atian. is I,v h.ave players +borh
vmpry fists br penalized by t>;iv Ihip, ta take a» c.xtra sheJ.Z E rvti the cen-
tral pii» a»d,add it La,' he:ir bag, thvs de l.eyic g the. ir goal of get L ing
rid n f shells,

Tt>< p.arne ends when an.e player' .<ii.nc:eeds in gvt I in@ rid af al1 t.he shelis
in his bag, an acaampl Cshment deperidr.n[ ~span. being able ta select  hi'.
prvI>er tvpe ai sh< 31 for each f;imiiv name called far.

'lhe winner may have the hvriot nf having his !;me posted «» the board.
es a "!I'el 1 Master " There migh  be» play-at i smncii  shell mascara

Addi t.ivna1 Teacher I » f arm,at fan,

Only twn classes nf mallusks are gfven in  he fllvetra vol 1ist. abave',
I.he. snails vr   vs tropads, a»8 the bivalve v" ar Peleeypads Mithin.  hv.'v tea
classes are hmdrc8s nf shell faml I les, Peer r' rhea twa darer families are
lisl,<'.d here. �th'.r p,raups vE ic.vl lLisks na  Div'.ntianed incii4e the t.u.sk
shells  8 t »pie shel J.s «h;>ped 1ike   i ny elephari  [»eke!, chitolls fw'ith
elsht. shelly plates!, squfcls;Iud artapi  ~f <h na shells!, hand see sJ.vgs,
fncJ.»ilying Aplysia an>' n'adibrancIL- .taken. in a superette topic,

BAHBS 1, 2,Problem 5 SL I]6'.,l "< .; ."..Iu,lA

Chemically, sea shr 'lie .ere calcivm. carbonate ~-,is are coral skeletans.,
caraJ.1<ac. algae  rvvf builders!, pearls, brac'aboard chalk,;in' mother-vf-
pear 1 button.", Havaiian cond and sa<'I~i . I one origina t e fram the materiale. ai
the r<e.f and hence ere predamfn '.eely calciuiii rarbanete.

[.Impets are va[er breathers;hand live ari > Iie ranks a  «r belov the
splash vane, 8 i phoner i as are aioa11, 1 1 at r ash, deeply � g r aaved y 1 imliC t-
shepr rJ.,iver breethers a»d cling   v  he aharelina racks above the vat.er line,
']'Iie sore  est «f whether a email i danie-shaped shell on L'he rac4, is a limpet
ar a hali>lxnnaria is Ln pry ane aI i «nd. 1aak aL  he: unders far. nf the saic.
hady. The s 1 1!hanarie, ba I ng an air bx'esther, has. a ema11 tube at' me side
which onfartnriataly i. e not easy t a observe.
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Haying Altlprved t:>e r enr I I «» cif i cems sugges ted a3vve,:: t i«l .»t9 might
b  c-.acouraged.  «C!'v o..llPY 9ma11 iC.<ms vt  ho[r i.h»ic'.e sonh as bits af
eraSer, binCir. sand, bi S O f rl,i Ck ' Oez, tip9 Of lead pent ilu
a»/thing.

4H»<t cherarLerj9bics do all the  hint;s wliict> reac:t iri vineper have in
c:nmmvn2 I.;in tlie st idr n.L~ I I »d 2 i c.mrna». eenominetor amvrig t ht »g.', vli.icli
li I'1!ill! I'.P .iub b 1 e s

Tllree Le»t;it lv~ nonelusians  v L'iii» ii! iiblem, hapefollv arrival a  by
th< et»dents i-1th minim»rn l-.c lp, ni e: a! al? the objer:I.'.; =ti gati bubble
seem to be wli I ce; b! they are aiba. soar trow a.'snotsted with the bede!i vl'
rr eI; arid. e.! these whi  e he,l 'h proUrac'ts must a11 be mad» ol, or .F11
c.'oritaia, t t>i. 99ze material,

em 5, Iiur b 2.

Wi I 1 wiii te beach i um~ vhl uli l»i!ihle in vinegar, bubbl

1 lqU3.os

~Ru. e9 t.ed Proc«du r  -

prcivid.e the r.i»l nc.e w th 9ame veak ac.ids su.c.h as Lemon jules 9nd
diiu L LOri9:i I 9riy Weak labOratOry aui tlat «Va t 1;ihl e CCI yOU AlSO eriCnu-
r9ge the s+«de»>.". cn t !y ocher iquids. Tsev riiLh  Lhi»k II f c.ep water,
991 t Wate Y, SOda pup, i aiind Cy d» I'~'.Ypenr9, el O=»X, ha ieehaid «LU2rir r." ~
etc.

Hake 2;iredi~r:On bCfOre eaCh nCW ~irl»id 1S LC'3r.i' Fair eX9mple Salt
warC Y might be P Yeller.ail »UI CO OY»CLiine bubbling beeeuee if I   rlld
beaches wvvlil r «;i..;. inc l v bc iri a lather. AE ter not L>ip t'I>;i~,' lemori

produnes a rcac ion, i t nf pter I.e predic.red that. perhaps u ca»g<
' Jice nile.'it ri apt' >t.udeate may have 'heir rtwm idea.". e9 to whether or
riot the various dut erburi t.9 arid lio»eebold solvents might work, Tact
each li<~ dt  I  rin.

3,  '.,I». Che 2 UdentS t irid a Cvmmo» L''»a C'ic.-t   I i ~ I 1 c.- arne»g li qciida Which
nause b ibbll»g,,ii c!lil.imbed tci 1 ieuid9 chic.h de not produce bubbliris:
3 vie»l.". wight arrive at an. ovr r-simlili' ted ~tat urn<'.ar. 9iich 9a "Vinegar
.and c itrus juicei oa»9i b«hbl 3 ng r-herees detergents and cleani ig f1 »< J9

no i

chemical ac:ewer,s r or> .ccipl tati»»ted to burden.  he stuc.en.Ls ~-t  Ii,
liu.t b'av be at I-,< 1;i cn c. ie teacher.



H9'rI'aii. N!.c «re S ted' Prv jc't I
R! ef sc d St ocr

+ H 0 +  aC'.:. +
3

+Ay a~- J ss3,t wii i; i! i-cleaves a ! ~duLer.' r«!!!lu.r oL ircc I!ydrngea iotas
f,such as t ' vc~!~ ! may a J.;ci produce «weak rea;t -. v-.> wit.a chalk b«t the
T'Ep L <<I,'PmP!n re 9c t I !!!! f s too a ivli and wee'~ ro produce o!!bb1 ing with '.t<c.
mare « lmj7;». I ed shelL bi I.s o.nd sani'

Tf you f v«r!ci s. piece v' wll ite cack in y'our ya c!i. !rr f ar trolll T I!e
bt a'.«!, 'nnv couicl yo« test t.o f 1 nci out Lf I I was reiat i ci co w'hit.e
bes=h !!!a ir nls?

'I'I".i obvious cJ, l."wee which:;r «den.s ra; ~! f fe= o '. hir;;~rob lee. i'
'.!yst. vhe' her;!. ! hip et t lu. wl> i t.e st.oni «f 11 bubbli. ! n»,'ic egar, I f; t
cioea,  '.u'n i= may .>or« ..n i~, or b<' made e', i '.ie s;ve vr ' I c.b 1 sr ma r. c  u 1

Lhe w'hii; I!enc'll. tern«wtl' rh bubb 1t I » vinegar I:.et ting st arl ] «~, eraight
zav I«- r!e~essarv

T n Kmaii, I he rhac cc. s;!.c c. goad tii;! i wbi t.e s tune.". I.'.inked up a»w >ere
«o the i.',1 nnd are <! i re f or ig; ii  ,oastruct i <ill Li.! edging an:1 1;<ad ti L:
vfL'! «result in rc ef material.; h;.ing 'orvoyi!I f;<l.- inlan'1  ,et-~aii  y;~r..". «E
v«leanic i ci pt.ioc s, .'lit'I ns ar Iiallo«ALn Bay, exp 1 oc.i d through «ni'.ient r  i.".
b- > «ging up b  '. s o ' ezra L v I.s !hly embu.i! Ic'ci I>e '~«en  'u leva, l!ouri y rook
is svn!v  lees cacbuna[!' material.; ~!!.'.p«sit~3 cvns ngo in. a .'"..a chic'.h hu.
.;in! e recede'1 iht le che La<;c> ! ose. I3y vvi>t rest, 'il i,:! =nrks corn~«n nn. tree
Mai;impar;r nt'2 c'it l.'« '«'Lt t.z Qc cJ  ..,~ 3r,= Jd �f c'purse 'pli I'Iclr bubble ii!
vinegar,

Lt i.; ' c:t;c r.hi.: e;rhec wlit   I«'I' or clvt L l I <. I 1 the at«c 4'nts hat
il! I c!. bea-a mater I;~l wh= h o«b':il!. c. =n. vic icur is CAU,'.I;I~  ;ARBOREAL'i.',  .;>'1 -.iuc.
rarbora u  ~ m >nuractv=!. d iiy sea a» i Ill'L i. 5 9r!d pion! i.; s ~ch ss ~<!= «1 s, sea
eh<'1 I i, foramini'i r;!.,;<c d cvr'i L 1 ice alvae,

This .'« t c. F prob I.!. m.=, nbou' " rI!!lil:1 ng She.' J..",«p Y«vide& p, lcl l .-.on. tent f « 
lot zsl se i< ill'L'. nc tebevk r L'pv1 t . 1 t i «; 1 i des a pr»h 1!. m t o sr a  c., I acts,

c eta, ar.cl n .-.nn~lus jan See he I'I< ' GM M,i.',:. f«r repoc' ir;y; r «ruat.,

eVPS 2, 3Prob'.!tm L!. tli,]'. KLKl.'Rh Or,"iill'.L,J.S

shelL;; «re product'; of living u«imnls, A i m;!Ls ~hick n!ke sea
sliells a c!,. f cubi 'rom bc n.-.hlic.c «i deaths of «c versl h'omni ri;] meters, i«me
s-i<r. fc-.a occur i«greater cl<usit. es ei I ~l!ore, othe. rn;>t. greaL< ' dep hs,



3ur "IIL'J rc-lio«nd e Lel. =un cry ' ~ « '~ ll ts i aa»ot get r. o w4< r  meet sea shells
li>- . Near-Sht re;;;~i i I C-..'; ni air ~hey Can Cr.,». I! ri! C d, fear the maat. liSZ't ~ ta
be La»servei' t'.»w, chen, shal i vur r! t vdc«> ts study livizg !!!c!1 1 veka?

Qn ' llll~;illa ie ta c bsv rue !«ll'J . 1 c '' de pool snails, n..; ".I!<'y uo ic'. studyi»g
t'hi. scribes and lier I w f nk] i~a,

A third,;ivil .«cemiciply be» savr e, nf miiliuak badv stvrly materials is
th  i ar;! l f i el~ =,arl-et, Oys et i,;ind c:92 ams, are rea l i li vv»i 1 able, eve»
tt!O«ph =hey mum' 4 ;i.» c I!;>=;C.d.,!pe»ing a',d 1 v lklng at theae a.aliiieha, eVen
in qua»  1 r y, does riot e»da»g  r w I Id pnp«lac 'ans bet au&~ lllyrket shell.iah
are raised or envgb'. f~!r <:c:mmerciel use = lr.lli-s f>s,!i and gene LLml t e

A  I,t'!'.' 6'.t!'mentor l+Vel, the 'vi'r r I!Odiea Of n!Oliuak;i n«equi nat be Can-
stdired in microscvpir. !I cued 1 . The curpase her!. te richer ta have th  atu-
derltS r   !quire that Zallaaka aTe t I» t»p. «nima S. 6 all!.11 le the 'haVSe
pz'vr4iv!'d b;-' t.':!e e»=ma L ''.;:;:..' c want.

Pzab Lcm' '

~'ha[ k 1 »d of animal I ivc.".' i » v:.i. valve she ii '

N't!;ic. kind af arizai me~i .;;i e«ai'. shelll

g J,VpN' 'i' K.'i

Ql teria,1s.

Acla t he m ;!!! .;

land sn lil t» K;<w;.

hf ri  .an snails are
Earn of vr! e 'til"'! 1 t
n.i!.aunt. st auld .~l r

died by I I e s t aden
it i»g a v r ll;I ''I t f;Ln
i~c demi c species va
ama»v, r 1! i'. 1 ««d ma 1
in. the tap soil

i e co obser-.-- Ja» l .-i»v I 1.-,,«d parden slog«, I I-,  1 ar I eat
ii iS the t,ia»', ii r5 .a» S»ail, which t V Wr«pv far Study.

veer[i'.rs nf rat ung vvrv 'l l 'vv.se vhic'h irL hvma»s i.i n
ia, 9 diS aae alw;lr.",:;C'.'r in«S «nd same .m v; ';iral, Or! na
i r.;inst a»,zi l s beware a po r[ . t ! 1;1Raraox s tory»or' b  '»»l.�
es ar '. ear lv. r; Yi!c- s>,= 1 l;=tt.ro- - iv  1;i id snails inhab-

f crest areas nr e I!;! i! .1"..e.; I:u= they arr li 'la 'd endangered
'. I!c.-.~ el i!il d be le t t ala-.>  a I ..;!! Tl:a leaves iar s t v~lv

lvsks, L»v g:l.!IL-.» el.]pa and the snail p,;iidi'.n snails tvvnd
lil,i«re in tl.e ear' y mer!! i up, de'W,



Hawaii Natiirc Study Prang ct
Ri » I;>»i:I Cl>ore

iu cate:,' Pro~ edllrl'." � ill � h f jr i

1 Sei.ii! c. myel ' rc 'I-l !ior claws tram a tish merkec.. Keep:a.  i.e water nr
in ci. 1 r igerat.=r until ime E«r; 1;i.'ia

2- i < i' i hc opL'ning o; tt e she Jla etarced co t'ir. oui'nl wl!c rc ilii  Udozts
~en camplece t.''>e «lu ii i»y, p= vr o.:,s. I;is rib~ice shells to at<idents

L'aatiac'sl! F.;it, vr «t Leaz   .aste, the s'cellfieh,

5. 3atebaak resorts

P Y « i.' e dies t' » .'i � I I I � '! c.". a L 1

vys ere and ar clams tram a fiah mnrkee Ke~cp tllem t:! lc'. ' N'll I'I'
ar in e reE riperator ur c. i 1 c tnii. F;ir c.- Lays

5C.act the opening pr«i ebs auf f 5 <.
the t »ak l!y.;t i. r 'hei Js can. be
aad then pri ed 'l!'r'lr I:'] l gh  Ly
h 1;>~!e c ii cti  Lhc muscle Eram t ae
!.'Lax she.lls eight oe 1««a~coed hv
in.ta the ll.i»pc .  .'I;i-.ii ~hLJ l.s pap
I vr abou five min~it ea .

Ii »I'1v' "o  I!» stoic!cnts can camplet.e
brakes around che-. edges wt th a hi mme!

s' Udenti cac inser a knif e

ahe 1 1 «»d. Fiitt.-:h t he L7]3eii In/ pt'cl 
I «~c I r-y, a sc rc~dr LvL r ar heai y knita
apon +hen i~creed in. bailie', vacer

~n~c. < I!o sLudcn. s -~ark wi:h =Jean haled~;9»d �1''!.1 3».'i TILIII .'III,' .''I! I I' ll
the meat withe l~e I;i:;i i il n i cr=acc.'s, it desired.

tiend pensee and t he dt np.ra~ . 5< lcm cai he Lp s tudent.s ta ident ify a i ex
'aorta o f clii i»! r mal anatomy, 4 detailed at;idy i a it«t »c-.ceaaary Tl>e
point is ta n«cire '. Ii;ii li isa lv<" are animals with save common body
parce

OY '5T F. R

NAZI I I. is a delicate, vhi e i=en!brans wit > f rl ly ..dg< ! ~s.ring
againat =l>a- »i I:h' waif ! hi .'ihi 1L, l»L mantle is whaL aanutac iiros
!' Ire shell a the an.izal.

two HUll,l'.FR;<re F lrm, wli I r L, gr i.'i I L'-1 iko, c jrcular aL achmi.'ni s l o
i' lL' Lnsid' ai he !Illel la, Tl eae mua ' e.",;! 1 1 rw the;»st a»1 ci'. E peit
aod .-.';.ae 5 t s el>".J 1

a: i.' si.'<'era «yo s c i hin "12a428 shnvt np, . t ne 1:nes.
5I:c.lltislx breathe >y means»f !!II'A.rtllp, w»~ L'.t' l l'i:l I!ILL» I I'I '. p,l 11.",

con.Lain:- oxygen which he p,t lla f i J te= oL!c.
3IGESTZ":= Gi..Vali ac'clGiDi'L Ji .F cli~'.;:y.,re'r;.! <i !, I!i Iirvml»i n!,, «I>l-

I.t.~ll '!lllpc! ' 'I: I >.'ll [ Il L-:. v,! ll.v'-'I. o I'io space in t ~L back part of
s." 11.

The

3, tlave stodeaca examt »e;i» trna I ana  vmv and identi'.y a f e'~- par t.s sich t.he
help «f .o 'nlllll LLno and  ho diagrams  see below! af br'.;calve;<»n«>my,



1 J3Kavaii haters' ~« iiy >" 'e t
H.~c-. I .<nial 'Shore

Nv  i qi. thee the ba~tac. shell ck t hc ay".. re! l e Lleeper or rare ecaaped
Q>Jt t, !9,ri, P,he t IJ j! 11/ j, . 8;!rn.;~i 1 es a.rc. ather shelly et.tachmerit.s may bc
8:~ lily, an the an't.side at the aysC.r. r;liqi1

SHF

LB

l NI ER NA.L
ORGANS

51ANTLE

MIJ5i.' F
3] FHCN5

hat j..-c flic. ri r!ie %lhl,LTl is attached t.a thc she I.? a=i br. t li e inc..s nf the
hi!! ge .

Fird tt ' MAl.l.l'.;» ~- i T I.T.S s: in he @st,<r . Twv SJ Pill	 vli<.is&!ge, <ir
tvat er care ' s, 'cx l L'll:I I  i'~ 'i Al t! e s iiTe aI the shel j

ha t''l,!f.>'I i.:;i s 'i 1 ma'! � a'.a1. 1 ew ar paL; yal~w', l r.»ip c. � 1 'I kr. ar g,a.n, a.K t.he
cejter traT!$, g IIc.' >.'1 'll!'   'll! i-.xr i~itu:: ts f cac an't. at 'he shel.J. 311'3
g1 ve iree.l f .z p«sh agsiT!.st ' he sar'.i a  rvc'ry h l tan or vhich it.
l s r c s. 4 ill g, .



15' Hevaii Hat vie study Pxaleee
Reef attd Sbr.ice

 Vp  Jv~>al! ..men«r;age che srudente C.o c,>st  a bi I,  if htvi] ve mlJ$i'.1 '
A little selt or other seasatting might help. atty people eat the
»nr lrr. <v$r .r vr e: i< h rr. �;sr hrsdy I» vr!  b JP b I. i fry f I ! 1 r yo.i
wish, yau may bvil t.hr aTtirael fur abaiLt tive minutes bef are r atittg.
Fax eeasaniag,, use salt, lime Juice, ro<rktat t eauc e, or nther shel lfieh
<» L ~sI'ICs ~

Tf you hgve a» excra unopened vyste r n!  -1nm, yo;i ml ght pUr. t c. ! => the
classroom aquarion. E iC Eeile ta shav. any zigc s of Rife ~ithin Zyi
I'r lllr$ ~ sv-li a" v;i< u 1 rig .; 1 l !he ly v » lv' ir>g wh»'ri l v»r'!'r< c-, t c ehnul d ill.
reproved .

Na »bvvk r»!ivr s ml.gh  cvnsis r. v 1 t hr given B tagrams pastr  ! kn v t h»
ecudertte' »ore.bnok$ vtrh;sr!:lort si «r!< «I, r.vermin!...;,

2, SF'!. I',5

.'r!aterials,

Ask the students co look for ema17, ga!den enatle n> shell-less garden
s?ugs in. r he early mo:ttiag or in. rainy weather. tb'a Atricatt snails- '!
Pnme nf thi ee aigh. hi. Iir «i/I'lc I v $«I'Idyll,bl f I[ Ill Ill.' »jJY» ll]  lllservn,tion.,
1'ide pnal snailr ~en. be used but their shells slmos  eonrpletely caviar
their badiee sn th;>t cher» fa vr.ry 11[  li zvr!y  v 4i vbec.rved in. the
1 1 w»;r=i gamy],$.

~u cmice: cocedures.

! nvk fur th» <uLJvwl»g hv !y !iver [s vol !.I'I ' Nl'Lail ~lail» i I '.$ OL I lt.'ely
rravliTtg. The slug ia simile> bur lacks a shell.

sl'lAji. RU3Y PARTi

SrELL S L PHON
NTFCLLS

SNOUT

OPER

FVJT



Hawaii 'Iatvrp StiIrly t'raj ec.t.
Re:e f «nd SNare

The gp bkC I I.llew p t th e ba c.k cI f t.h e f a at i s t.h e part which f a rms the
"d oar" when the snai L is with<3 z'aw» LL>  v L s <lie-I I-

The HAITI.E memb r ane is he "meke r" a E t.he shell, j net e s t h» skin  r f
aur f Inhere Ls it>v makv L v t o»t r f»g .r»ai le The mantle ie alea
the pzoteceDr of the shell while the snaiL is aJ. Lvv. IA. sea.
alii ll o t4e Fvlcie of the my»z 1 e parri al ly, ar sometimes campletely
cover the autside of the she 1 l @hi le thc snaf 1 «sos i t s 1 arge:
favt I v vr»wl »ver a rrrk nr thrnvgh sand.

ylang< a»vier. b»nk report ci f s»ni 1 bndy parce wf th a diagram of the par-
t i en?ar Snail Or Slug VtI,iCh Wae ab Serve rl .

II ANI! 3V r ab J.vm r, Ir'Ak I ATI M 5 WITHIN A Gal:P

Lrvgty .] 1 v$ rrg thing, whi le sharing likenesees with others af its
species, is unique, SimLLarL fr s and rii f fere»a<e nf r.i>nrem;eeristice pas-
gesqe.d by members a E a related group provide the basic data f oL I.hc sr Le»ce-
o f gene t in s, taxonomy, eva? ut ian, anrJ a» at f ay a I  '< e  .prole p «raui t e inva lv-
J»g, s  at istic', di etr ibut Lan patterns, deviation f ram the norm ~ anal vf hce
eel cu1 at ians .

All  hcsa are <a ' abave I he a carpe cI f ei ementary e tudent abi?ity, but a
rud imen t ary aware ne S S a t t h e bea i C. C danae p  ie nV   . 'rr'h a   f. S a irrrac3

p<vb Lan I e a .~ lm;il »;rue«a l»rance wi rh the ides that related nrer&ers af
a graup display individual di f farencvs, and   ha    tI,vsv rl [ f I are.rrc.-.ee c-.a» Lie
ehrrw» 1,» "g 1 inc vp» nr a s,inrple bat graph.

The tradi t ianai laboratory subjects  or st very of v~r5 n I in» have been
Rvnri< ] ' q pe,ie, !Jrr>enl!lxi 1;> I iee, and similar large cantra3.led popu3.at ivns,
The eime, daily care, equipment, and sk l Ll rI,av<lr. ri <or lI~ir>Jl > ng and tracking
s«r:t> 3, let »8 livp»1 nt iona;>re t rv di f f i nul t. in. elementary school. But sea
ehells are products at Living organisms ~h ich il i "li 1;Iy ei in  1 nr i ries and dif-
 i' rv»i <'q ty;~f c;rl n f I ivi»p, thiIxgs,, while at the sanre t.ime t.hey requ J.z'e no
fnad nr water, are a cenvv[I.Jvnl sf zi tv 4;»id Li. »nd r>lrserve, give consistent
data fram day ta day, and can be sorted «s easilv ea a cellec t.ian at shells,

nb leme

Zf van put together sheLLs ai  hc s;Imv f.eml 1 y f,vr came grave nr came
spec Lvs !, ~be  «IIial L r/5 f fe! ennea can. you. find enrang then.'

l,ln,r np Qhv 1 Lg nf ll'n.e grn»p in order, ea that t.he extremes af their
dif f erenCeS are ar. t lI< isa   r«lS vf rhe l < re

Hake a bar graph sl»m l»g. t he di et r Lout Lan. ai di f f erences vi thin one
ehe 1 1 g.rnvp

The pracvrJiiz'v.", bv.lcIw suggesr beginning with ?aaking at dif ferences
Imn»g mc.cabera of the student. g,raup, going t. ran  tie ra � abc '.rue cLg di f f er-



9aw;ii f 8aturc S Laity I'rn le<:t
RL r. I. v4i:l lhare

c.'.:ll'ee amarig, e she! l Sr««".J then dravicig some gnivr;il. i «ac:1iisfans abovt
fadividoal rl I f fi rene.es T'!e prablc.> ovvj,d ]«et ae easily bc. <lv»r the other
vay urviiod, f.e. begin air n nor. -np; d1 ferasees ence g tli» eh< 3 le, then na v
df f fereCLCvS aruiig r l>i~ et«den ta, tl'en draW SaniL gi nor;>l .-.arLC.luSion8, A
t.bird,approach is a vriL t br. I»~o;! in di f Esrericea a@i vvrk «ol;- with
sbr lla. "Iii i ex<!>er who knavs the ability o  I -ne i'.lass eC hanil w111 kciaw
best whi=h course t o pvr'»c a»d li«w .«ii;.s, if any, o  < hv pr~phiag and m'Lrhe.�
ma' ic,<l work c i. gee i ito

S~uested. t'rocedi ri n- I »-Rrt e f

1, Zntradvco ', I'.c. i ill~ ii I.V ii«c e iag sami I".vn io 1 ik< »esses and it  Ii renvoi es
agar p -ielii'.~era = t c.hs =lass,

t lie e t adev t s iz liri~ zlo»L.;i gr.'=dot f«n at d i: f v r c. »i i'.s C=spb
t' he gj ['c' g'n''»s cln tl'.e 1:aard ta sba - rl I i riling I irir patterns, »vri~s, etc.,

3, Sclo -r. v prcl»p elf rel a ed she~is and I L n«chem up accardicig t « nd fvi-
dual di fereicr s «lo ip;;i .epe;.t rum af small ch "»pi e,

4. Make s bar grapl~ v  'iii f'i'ren~es E«und wiLI",I n c~»l' pro<q ot sncf j.'-

Disr»s' whi I her .s pr:=dat fan a. 'di'.  v rg'»I'ee »move weap le ani! iehe 1 le may
be I, uni;-erS~' .il V«amc. «».'i Of '. tVi~p tt ingS. 1'r i,hi enmC-. re=SaCLS I Vr
L,l -'!' I>lli.'A I'".Iec «A

Prvu. i' «r«~ � ii>- Data.i j

J., "3t seiiss likenessoa al;  II I: f ereric:es .smaaL~;ic. oli I 

Pnr likeneSSea, i Or.i [ li;ir»vC-.ry>CLe haS isa L rC:;, I WO SerS, one mv«l.'l,
hand i'jul ~ Vi'r e ee:t t.takeo- ta i JO-ir i I ';i I wraCL be fag,

I'vc pi   c t e«;:es, i, aside r tho w;Iv.-' llew whic'.h ve oar, ti. I I vile persorl
frcm griot'.>i'r = vl-.;il«v  E;>i e, h,rir color, r:.«L- iit v.,le2, l3 l '1v  -v«-
L v ii. I':. ~ bel «'iv i o r p s t e r n.s,

~«me-. stoderits sec.r. moi."»;it! ke, ot'e'er s ' e}'s u1 I ~ i Me c.i.uld arr'u»ge
students jr'. a ] I»i, willi t.nose mow.' 'i l [lcL. c.«lecher,

ielecr. o;iL i. I>vr;i; c.eris:ie easy t o a r r «i 1» n spec t.:vm, v, p lief eht at
students, hatr 1c»E ih.', ~'.~i 1 «r Lng, sha= s Lxv, li «p,t n or lit r. lv f 'i>~~'.r,
or ~hate'vi r 4i. pp«se ~e use ha i r ]i r gi h .-e aa example l«rr

2., ASk Lhu -  «ll 'll'. e ra 1 in.e t.hem>L J.v<i«i ill! > i~ nrde=, W jt h r I«'. LC.n.g,eSt iair
at «ae cad ai LI'.c Li iv '«'id tLle shortest I",", ir;ii tine «ther i nial. Di f f i-
=vlL ivv m,ir;~r5.",e be~ause c't r.'ni y .', ri dc.ilats hzvicig hLi I i: «E similar
'! euxg th, ar a:iu .-r.«ili »c. I-.i'zivg hai:s v  me»y Jt I' erecit i@i:r< li.'i. Fec
..;i;«»I;ir JS;rS. -a WheLhL r I ii g« liV Che eVCragr ' i »pili Of I, a~urlriii.'i '«air
ar by Lt>e ' I »p,l e 3 «v ces t hair vn h f e he,zd. fulcra mat h;>ve ta be
br«ught out t c sew L f'i lllL~v. ques t ians,



I, i» i.:.!r c!:N'. i;» i!I:1 wf tlute 1i»e i»ljic:ate the

I".a ' r I I »gr ll i'~ ti',i sl-.or i'=s: I,: tee. ~t'advert i.o ' lie. »is:l."~l.',r ~ '»
pose it. is t o 'I',wilt»!:, ! t '. ll ' I:92'1''I' c'»ll  Ii r'»1 1 j»e i»ljicate he hair
J »»,tii rl r rhii ' r!nges t-h;x j red sciiJerl . Suppose j t s L8 iiclxos, ' Iil.'
lime Orl th  bOard W'l j leek tiki l i! i' .

L jg- id' E I1o ' i!o I: I, 'I >.' 'J '» >I! IJ i.-; i:!»:. I' ' I' ll 92' j; '. s jn» t » represent Lne
['"'!: I»' i I:a' i!li I IIL' '!i'. ll a' ., I I '. I .1ci. i.-. ik ike tt is.

I
III

I

ll 12 1! ' I l~ loi r 14!  '

I» I ' '."! I:I .o ih 1/ i8

4!l. I;I r:»~ i c li m»s irl:i!,a I!;:.�,;-,>ill, t I». i» i;,» i, Lii .;» Ii;!sr represec t s
:11» rl.l'm'~i r»' s'.I,ir;:. »' »: » i »i'.: iili I::»

I'.»l.'I. it.i~en t, p rob,i! j  ' n'i
I..1q ' t »!.I:I » I II i:- II:I i: !;I
:>I!i!rypr j.:c.e .:;1! mTI i!:. he
L' ' I I I ~ ' ' I !II'. ' III: V I::: '.' I ' I»!» l
J~ ll is

I r ol» Il i:, i». i yl! IIL>' %II»LJ I 8 l.leuc'1 Hll. »F
-. I.i »i. I st:i..-.; aad ~lsr.e s m,s:k iT1 t.t. .

ho,>-d. '.ir!in' < o' »m~~.s i 1! I";pvL iiii I y I!».c..tfll-
.'I»Alw 92'w >L !1!ts max ll. 've se'Je re ot ma»y:l»-



Eawe li Na ure Story'y I'r'v jeol
Reef and Share

Interpret  t lie graph.

Zn the case vf tt!e wbnve problem, we seem ta have Kwa papula ivns oE
strIdents: tbase @hase heir fe mael.ly f vvr to six ioohes lang, and
thase whaee hair [8 ef gh  tr res f»c'hes lanp. The mid-paint between
twa md 18 is 10 inchee, 6ut obviously  hc eq!ority have hair which is
chat' er t hen rhe t>sl f-way number. The hair length aI t he al @Beni 92n
the "middle" �5 2! ie seven inchve ~ which is atsa the "short." sfde
af itic haLf-way pa i»t Those rhree stucIents with the very lang Ilail
seem to be skewirrg avr calrvj,ar.!aria nf rhe .average end median points

ay frvm  hv»rjrrn, The teac.her m«y ar may nat wish l.a inr.r'vdwce
ternrs sunh as median, norm, cIevfatian, C C-

Instead af hair length, use haiglit or aov other varfeble characterist-
icc ee  il~e t r' vlt

4. r'raph  hc shell rtyr e semi larly ta the method shawm, abrrv< for hair
le»ptbs

Each student graup cavil roparr. ar«i i xpl;>io its results, Sorrre sra~~lis
may lre»nrr rw and «teep; at. hers may be apreecl a»  stiewi»p. wfde varia-
tion ai the chosen charac ter. [l t tivrc. le a di»~NI e hump, as ic r he
hale Lenpl ti', tlirt r< ~iy wi 1 l he a mf~tore ai twa 8 fffr ra»l .~pensee af
shells in t ne pile.

Discuss. vha  lb» var i e P l o»s fo~ncI io the students ancI thaee fn«o~i
shells have in common.

-Da bath people end sheLLs .",hv~ vur teria»s wfel>fn a given cbaractert

-Right. ather Living r. hi a>i >h»~' .eiic. Ii var i ations «f saae charecter,

-t!v non-1 [v Ing, [hi rip~ show a pat tern of variat ian"  Racks eccl a t»! y
vary in size but nat with a bell-shapvrt «!i err' hvr in» around e narnr. !

� [e 1  paa: ib 1» t hat vorlage.i o»s wf eh f» a pravp is saraeehing, I ideal gi>es
with befng a?ive".

I. the students carI r'ouch e cv»c 1 vein» thar living thfnps paeseee
dividual dif ferencee within a <via r.rt gravy, rhody will have gresped,
a  least fn embtya, a»< ai rhe. mosr h.a«ir. nancepts af biology,

  «Ill[I oQg'. «»vt et' aotr. repair t a f the p r nb lear < 1  h bar gr e lilr,';,a»cI r one le-
e fane.

3, C'i ve earh gr c.up af students e piEe
ane group cauld +ark vfth caw<iei,
perfwhnales. Us,in' the experienae
t.ha shr Lie ar cat'c3ir<8 ta n»y one eh
might. chaaee length vf sn»Li, ~ »vin4
4» i gti  vf Spf re, or whatever «eems
withfn a common chaz'aeter'.

ai reia.t.eel eh< 1 ls For exaerple,
g»i> ther wf th canes, another vf t.h
abave, ask l.h» e  vlv».t 8 ta line u.p

ar «cterist fc a' -thefr choice, 'Ilia'.V

i r of whirr ls, number af ridges,
ta demonstrate.c. evme var<eb<lity
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~pal, 2,Problem 8- %HELL COLLECTIONS

ee,

it  hr..r,h .l l displays at the Walkikf hr!»g r ium

it a she JL chow of the Nalacalagic.al Saciet,y ar a.ny ether shell
plays when t.hey accuz'.

jr ar the shel ls and shell Lr. vms f or eale in shops.

Par making a r ra»geaente faz visiting, pub 1 L< displays, cree Sec t 1 an, I
 Irf.e hank oridez the titles vr "'fnikfki Aquarium." and "ts,t,ended Field Trips",
Resfdes n1ass visits, sl, vde»ts v;>n be encavraged, to v3 ~ t t sl>el 1 displays
wit I their Ii,rre»ts art weekends, We th I vr;>dvercieecrrente of sheJ L ehivwe by
the 'Ealecalagical Sor ic v 'llld <rther collectors sa yv«c.-gn nail them ta yv«r
s r «dents' actenciari.

v v Q » orrre i a c e res t ed in. enrj kTI v 1 +dge ab le about
ar:rivfries, they wfll bugl» I «notice shells l» mv»y
stares vhLLu v» shrIppfnp, tzips. Tht s»«veriir sect fans.

[r lay' shel l s as they are, as wt l l ne, made iris'.a key rt»gs ~
hangirig,s, a»d gndgets af a11 sort.s, I r might be inter-

t «» the vrall an vhlch  h '. students cari lie  all the
hs r set rr elrel 1 s msde in.ta, 5y 92 ti» cad aE a semest v r

!'and san-vsr s a»d rrtls-»ses!! might be i>coiirnulated

1E the stvden.ts

shells t.hraugh cla:.-.'
p J.gcvs harv'l «d f Ap, fn
a E stere shelves rJ L~

!r ridnnt e, leis, wall
est.ing  v put rs r:h«r
klride «f thfngs they
an. fmposi«g l I.:,r o f

BANDS 1, 2, 3Prob lr.'m 9 SRh SRPLL ART

9rr«nl ties chere a saul who ha.' »ot seeri a cawr Lv s,'ir.ll regrade inta a r.ur-
cle with limpet sh» 1 J l ee t and pipe clc.an  r' I vt»ts?

Your sr. v.rlellt.". any ert ~ay making f Jolt r8, n»imals, pic tvrr 8, mabi1es, arid
what nat else fram shalt.;;»>d parts at sheLL', fliey may get ideas I rvro.
 hint;s r hey si-.e far sale fn shape ~ <rr make up same shel! art af their awn,

A etill lffe arrangamc»i oI shells can eervr. ae g nrodel for pen vx' pc»-
cil sketches, vr;<  vmprrsitian with va vr urr l are az pasteLs,

'Pie rough ext.ures r>F come shells cari lie made into tvbhirrgs by pv   I rig
a piece. c'. onl«» skin. paper acr  he ehell arid  herr r»lihfng, with p <» fl.

When  zk>rig ttie etuderits an a field  r I,r I o the Aqoarfunr az Shell Shr>w,
yoii vill knav if yau have p ' ~iared them far a fruitful visi[ if yori hear
them makirrs s«r.-'» remarks as r 1 never kr>ear riierp were ea nrariy diff erenl. ki»rle
rr f nrr r f es," "Laak f a. avne sl«sl1 f ust like aurs arill.' 1+re ihipger arid
sh!»y," ' 4'e did»'t have any she. Lls l» v»r nrri 1 ectian like this orrc. ~ ' and
sa an and an.



I;!w;l.l.i '!la.LLre st»dy P> c!!eL.b
8 L' L' ' I I I  .. i I  L!r e

'I'g i!hLiicj el'2 ' 1S L V w l l'K w I li, S';up ar !tr; tj . V;<ri »LLS hObby .: LV CL.". 
I 1 ! r<1 de~t rat 'r .. Ij»,!e t'c!t all+i' s aTtd sl». I: I! I ce sv d, i t p»v!j i .'! ] L-., i'; aL' ll-,
Kobby-~gk t »g «he 1:S a=V r  i'. v».';y rn Ot'.=aia aCL ' J. h 'L:;jr!' » !C iC awpeiS i V ..

A» t »expecje ice:-'.>L 1 I;!  r t L.' J t',- is: gv "»: » i ' I L h ~ lc.' J ar L, .'. :t; r!
witt a shvL  1 I L! I ! L>: co;arse sr -.-jl .''Ill�- Sl'rl c. tran it t il!y hl ce  !i ro!:al.
t! f vkv» s'ie 11a, saTl J g rj i !»  '1 LL»!alla stlaLPL' '! I .' ':  ir ldd s~'
 .act be paste l Ir;;» t J.gati.-. ac:act@a.r.j.rLL I'L  »IL!::.-.r:" r oJ a '. 'L11 'st:ij:e ca'1-
I»y, »»r i »r s'sseL  !j I!1;: i » ..c >r i~nary,

-»cdrL s L» ' >!'»' »'! > t cl'.,I I" c' I» Lz.'.   1! I.' 1L!'w 'll;I'.' ! 'L

t' 'L".'.! f.li' L..iilr'.l.l.

-'i1 i-! i I"  »»j»i's  !'. »: i:-: I a . l.] i J "II  I r 'l Lc':i,!: "i:. I: r»-
l t'

the C.aC;92' »'. i 'lC' .parL. iih »j Che WL!rdS;it  ! !!mp.e t.', Lli!
'h':!  t i c=re i~ tt!c bvx.j  I .-;p»; s,:v;j .' ' »y,  ';;.wTiwat-d. ,   Ije11 -«h»

iL is w»» ~ e c;> aijlL, «bi!L!'

. l ' r > '~ '. ! ! !» I ! j

l. Ih . pyrami tl-e» ji:C-.  .' L~p C .!:-h  I I .
'IL» "t'ral.'. 3L'.or ' wh] "»»»r  r.; < lj~  !,'.'c»!.L'g, v: ! .::» I 1.
J'q<' v;  »j i.-lt.  ii,t. shE.' ' t,

4 .. »harp, poiTj Lc c i xj ! !::,';.!'..- L ~.m. i-'.l, I I:
fl'll,'  ' r.!I! I  ''. L' Lj» ] 1 C!L C U 6 I

6 lc! L t:25 or L r j»I ' I!I::'»  . I .!'' L.L 4 ! '' »»» I I 'lL' LllL t 1 L!» »l I!' j': ~
thl.' V'LI' I'I' j!r '! »C ar 6' i'!V  .! t i !»' .' ile 1 ! L.pc'.il 1C!L',

8 T'lL'. j~cQv'L' ' I L'j!:I I.
'. - '! m r.hE; ' ils! xl»» I i IIL' .-llew I t Lv ' I'  I! 'L.-, ! !'.' 'I'e
:, I! e1 1



t[gvr;> 1 i hature St.~ci .;" .'c'c'.
Reef and ihv e

g, APLYsIAS

T ntra~uc t inn.

Aplysins have the raccoon nami »i ~e9 9,t.ug ar sea hare, AplySino
belv;lg to Phyl«m ~wl lusta,, lice mo'. 3<ysks, along wit'»ea she'3 39 and garden
STI ail'.

+est mv] Ic+ke ciePasi= hard 'IIc'.1 1 ."., o f ten. very bc cc'at i tclL, 9rornlc] tlleir
Sat l 'bod e9, e9 irI taxr IPS, clc»lee, r lame, and aySLcir".., A feV. malluSkS are
w thaut er.'.i c»nl .;Iiel' 9, al thaugh sac.i l»>ve a partial shelL vclclef the skin.
 ln ];c»;1, the all.ell-leSS cr�i 1 1 »~kC 9re 91uPS, Seen C t'9+1 ing in garderIS a.t.
dam., Lci I I-e see, the shell-.'e:.;.';, or .9lmaet shell-Less cecal I «sks are nvdi-
''.yr9nc h9 and aplyS i ».;. 'I'lie italian HaWcILL ncc spec.b e9 dealt With here: f 8
~Al 'to d 'liana.

AIll yeia» oEier trav a',Ivc 9', 'I c'yn91 oppartvrIi t Lc.'s I» t!ie elementary claes�
roam;

1. hey:Ire t.v» l v '~'nt~h, givirIg appary.icah ty,.o learrI about the. I r Eorm
9 n cl li e hev lar, arId

2 hey make goad subject I.~ f or sn. exeter Lmc.nt cire liclca ncccrh green faad
Ir,'Ik  8 I>V< m»;:h 9nimal body,

~h>e9ranae.

AIyl v.'; Ip«may dr;Iw < IieIIieelve9 inta a rautIderJ b,ll ]  roccI le9e thard
iCleh ta n f <W C»c '»ee in diamet.er, Vr rlny exteIld in.ta ard OVa,l ShaIce wheel

gl/0lIig O! Swimm ng, The Ca'Vr 9r eC fram pair grec..» lV 'light braWrd with
grayi9h purplish b] ci«'hee oTI the back, I.'ldix'e c e a. arne?1 internal stLP13

I I ll.;-cime epee.ies the bet k v chic' v',-.Ice f oat has a. prarr;i cl .cled c»c.ker. Horns
 rhinaphareS! Cyrci I rcic]e fram the ht ar', 1'Ice I»>r-.>d;, 9al~ ta reSeobL< r llilii t
P9 ra, Ri'. laL' It  or t ne I'»chic ."8a 1191 e,

PPLYS I;A

JvLIANA

~Alvsio jul latm may spev oue o ah>ie lid«id when disturberd. pit>ey
;cly.l ye f «9 clay 9Pew PVrPL», AP1 yV, i9S da rIat bi tC. CI[>d,crP. h9rmle99 ta handle y
but they d0 h Ivc. I veins and 9a shcvLcl cicii be e9ten.
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'Fl elil Cn1 1 ec.t  no

I, l 'Lk f il aI'Llyclas 3iL rhe Fnlble an l around
the base of sea let uc~   Jiva!, ou ic. he sar d
b .I., it I:1>;, i;I i ..". 1 right g: e .=, 92at
st eets nay be attached to races or rosy be
F 1 v;> i i »g 1 a b vgg . ILL.s o b-..s r shnr e be ver s i
var eties of Ulva are four c: ir Hawe i.

a'gaily>1;L~ Seen i i Chr 1 ve hc'-..~r nn l. lua FATSO inta
ar its close allies.

ULNA FISC I ATA

i aok ala.. fri Ul.va reticulacs. Thfa see

v< ed, consi s ts o.' n.a rruLL, tie , r.huiglL Ll
rfl>bacis, '.ight green, wield !>nles in ~he
ribby»,

l l t' i 1 1 ei I, gbIL 1 yc l «s, I.'.ink Lip a n i LLmp of
Viva arLd place it ic a baauket. ot. si.a  =at L r,
l.ink i o t he n 1 Ll~ n F rhe sea wee i Shake

t.h» see w  «d vigorously t.v s 'E.' I i il sIiL c -~L n
ar twn might t'roy n«t. Fieve thY Ough tt e

be'VW the area Wli< r . Ulytb IS i. 1 VicI>L' '--

iiotb:Ite i:. n  ~ta ia r "to to b '
seaaacLal. A reef whit h is baxxec. at orLe

l I mgg V'. yi ar may y i,i'jrJ SPC  .- img u;i  »i IIL'r.
seasan.s. ULYA RETLCUt ATA

QC giglL I  .- lnigr I L u r e giLLI eibme Ot lier 92 uI'b<irat cir3 eV, engageC in Culturiug
herbaceous fish ere sometimes plagued with sea slugs  ~hb lv' I z or L tv 1 nchei-
LLLs! 1hill r ! pl y 1 gg 1 cb t «riks, L br' vying on see ~ee ] iritenL'.ed far the tish. Zi
t.hesc institutiorLs heve spiysias, t.hiy are vsusliy glad in g1 Lie 'Ls marty
are wan.teJ cn a tea .l>er For c: lass Lice.

I�>bvrai vr Ma i Ltg ruin ri

hIi1 y g I Lhr  r'g  ll I I"go. ' '6'.1 1 tix ryeua te ] S9l t Water and are Se'CLS it iVe te
oo'lotion. For ~hlraia,:tto iaaa tattt ii otto; g . i, n.rn ioh,:iitra-
t  nit eys tee Aplysies seem cci live compet fbly with mos et.hi. r '.« Lk Ig-:g'>hi-
Lclu i 'r'

I' ii  ub l, prnV3 le art aIb gCiglan .e «f freS > Cbr fresh Fr=Zero I. 1VS 'age Lan.a,
See storv abaLit fresh-frazecL Ulva et he L cLd ot this topic, A;g] y.; I as w '1
P L  I, I'bP. $1]lbv l � ''I'L'LIiiall I; 1 y re c 0 L'L 92 a Fa I.L c. t tie'r Lin aOe seem to thri v'L' Vn it,
lCLleSS t hey are g-cry Sea ii, Weep Vuly Vr;< S;bg i: Imago r  ir»hab-.rL. a t inn. iri the
r.'i.t..e ran' . ri i:: !:: o t on'ly hro'. rornervation bot one Large ~ht r a
abeut ail tht C~aae tauk C;<ri supp er I, i v brglile~lrbg I ties r hLLge appetite Par
1:lva. Ha@ever clayey may gci a Few- days withai t Llva arid then. rr~ikg. up
La t.er by cetic g large qudnt it iL. s.



levee ~i etione u th ep!ye!a,

'?zoblem l, App:-,PRANC',F.  t» v<d»i'ra' onlv! v hNT!S J., 2, 3

77liS is intended CO be,Z F I Cd LJ problem, HOVeVecr if f iel  I rrhark I S
impossible, orcc vr pi .<>- ap'ys.as aai'ld be ms'ii'[c.s'icted 'I i t.h< class tardl-
=4 I Li t.hv observations are wade

!Prablems

'~l>al do:;e»:.;'. ngi torzk i'kr? Make a sketc'.b

What ia t le ir a I !P, .;Iaipd., r ajar

.rilggeh re  "r II.'i' I.itvg � [['.� jir j'i

Tr.. Iie F I d I,I, hnv< t n< s tadesea l ac.k For I h<. »o iran I.s rind observe them
I[; 'heir habitat

l3r jag erie ariim:l tps.-.k ro r!» c I cnss t;[nk:or claser observe I t »>
feeit'np,;!»il '»cvmvt ivn. and as a model for akc.[i hl»Ia;,

'1[.il'i»'!' phIIIpeara:>- e, be'.:av ior, .'[ id»pd'J ':.1 ld r -t U td.'r[ts aa<e nocebo !k
r- pc rta

Vr v  d rJV [ < S � in � le tail

1, Prep den [ 1 »r!.

Keep an Pui' c»il Fr»!r p!Iilysi;[ ; ' e'h[:lieve'r visicil:g the cePF 1 hEll you
t ir[d all ci va %hie h seems tc. bahde;[ F;> I r»bande[ace ot them, take [ip
t;1' a I e.';.';i i!i

Prepare the a r»;lc ri ;; '.  ir:i SI" art Fir jd Trip LC! Oliaet Ve,o I> 1 y.; la ;  Se<
h;oct. =vp ' on pracec.ure~ for ~ ici! t '= ic'.l;1 'Ir ipc!, An. alternate idea ia
Ca ir!C'.l.dde .d,pl v.r; d» iib' d [ un t;d.r[ «S part. af an. EXterideit:-'ie'i.l '[r Ili  S   .
'.id i I, i in i Vrd EXter[ tC'.d Field. Trips>

Te': c lie r, I I  ld»l I, N I'[v43 n[!c m't'Ere ca isa'< f or aplya i,aid;;w;  Id sir ibid it[
[h< ja re juc tie[[ . have.. 1»>w a pl  r»ri c,ir r. .'ll v[[jy eao[[gN ao Xhac.
tl c'. ~;r» li or.; kn W @hat. te eOk fear a,id Where'. '4!i'  [d t i i.iS ahaOjd COZe

tat as possib]e Fror' t !el c  I'vB:!peg'r' a i lgs.

i. Mhea to i'.c!; rich h.i. eie rite, plan.t Chart Ih'i.'!d Trip, or include
ddd'ee. ~ ohre.-u trio" n.. pari « ;m Entcnded .ieid Trip  eee. paction i
o-.l I:Id '.[I r j~s'I.
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2. 1'1< !il Aer vi ty

Laak tar aplysins f» rlie U'laura end it. Cha Sat;d,' IbelrpW it. ~ut. a E."R
apl vries in. a bucket vr a shalivw Ii b» of sea eater arIR si t «ii I ~e
be,Ii,'tb «! t h ther '~'atch them crawl, swim ~ vtbd.' i'ol'3 f »to a baLl when
disturbed. I. 'tt < rv is I. inv, n ice s eket clr there at the. bb pi" Ii-

Takr a Carel V.I 1Vak pbr I he Rerieral habitae iaa «h[.'h [ lib y are favrId.
What kirid of a:ea is it'! bb'hat nthvr liln»re liesides Uxva are faviIcl
there, shat kinde oi anima's srr there besides ~AI. sist i' i:; i is the
rj il»l li <i f r lie water in the Aplysia ter: i taev 7 I» i t rough c r c<LI-..

 .laser oom Folio~-- zp.

1 I Ihixy be possible an. art Zxtr rIdr d Pic'.ldl 'I' t'lp crp inish the «bsvcvi«v, ~
SkC.'CChirIlr, «nd iiVtd -tpbkl»g nI she beach.

tl ob" .v: ti .: ere oot:tmpleted at. the b:soh, briot one Ap~lste
back to the classraam salt, «-,ir.   ;i@«ari«m, together with a svldply of
Ulva Car lav;I Aplysias wi'l riot eat. Spoil tl I;]vs ' he supply will
need to he repl ertished tror th<' bd".ii'ri eve=v tva ot three dayS,
kr.'p  t'.CeSh-i rVrd'« 'I'O fre»h- reeZe, piaC' 1 LV,I Ill 'la'Zt er in ari ire
cube trey arid pLace ir the.' traezvc sita  le»l of Che re:fige:a tot. I e.ed
and.' CVb< p  r <Ipb> In n rhe taIX2,

S VrJd iir..; iiil gh t r eke their t.urt. aaking elOSi VbSb.t'v;> I ini>S at the C.iaSS
Lank in between dairIg t.hvic v nvr I «"'i',oiL» o.rex a iev. days t 1m<i,

I.'<snussfon. nd Repo=ts.

Af ter an appropriate j.c.rIgsth at   im< 8;pd'» r o» general obsc.rva t. ivn, tlrav
Chit!gS  V;i, vnd.-! i .", t;.» S»bl haVe the S tuden S Cam;bli I. <i '. Ibeir natebank
reparte On. PrOblem 1. Hurt. ard. SaI-..i t;»e.',r1;.n» Vhieh migh  hdblli with
 II I S-

-'i1«ir blnee a sea s 1-~e rescind; ou ai'  j t'l l »? fresh.-peeled ii' c'lit
par~en. anai1'!

-'&at Shap ' ' pb �b'.;i » l-.dg.? 'rltcdC d.i f feren.t Shapi. S <lvt'.d; l t take aS
i t crawls, res.t s, sv i ms, s I b e;pi,,z»il bibles~

-Hvw <4b y'IIL rhea»k it. cari chartge itsul' in,t.v stl .Il»ny' blif feten.t. shapes,
l'ho skelutai st,cup  vrb'.! Iltdw bloes 't fold its "side i;Ips".

-Hm b i g I S pb» Agin v.".f e? HOW nIany Cen.t it V terS I.'i«g, wide, and ChiC.k?
Should we measure iC when i  I.'. p'ed; I i»g i» a ball ar what I l
�'. rtit i lieti var.'. IIOW non Ve get in.ta thu  arIk  ii mr.».«d! e? TS it ail
right to take i  vo  v' > l.e l a»k?  ver@ brief'y, yes!

-Since the shap ' is sv vari.zb'le, cari you. think al. a wtby tn seaeure by
some othe I means ' Ha@. abcbur wci y'>  .

-Vhat. Caiar is aan ~A-b I s t;>  ;.s'l l at teIrtian. ta sPa ts, s'>Pdtl I »y,.",, and.
c! one «t elaine!



:19'a'lii alatul.i' S .Ud'E t'rv!92'''t
Rj. Vt nn ' .':hOYC=

-hler.';~iu.;   r '-. AemeCimeS Calle : S a ''>>rtc:.'- '~1jnr iS 9 ti9re" .Can yOU
SP.e. a:ly Y2hb ir earS  in t.!e ~hj . v.r; f;l.":

- .;n yoU spell,~»l~l  ~ Ne;> =;.'«g~ Sea her<'l MU1 IU. ~.
-nicj c» In I ..ny a~i.aia c i oaaa . ni ra j ed to the I ica'j jThc cac:;

aY . an vt t-~l-: jet  n >'e til ' -.paRhet.ci" attach .  j ~ the ltd.se of halva
tile r laSS CSC'k, tv n YVES!j»r 9�;iariwa glaeS, !

I'r»h1Plll 1 9hnva Vas ainr 4 ajt gj r c r'n 1 FPr, eeet in@- to-kr !V-@VV  jb.',Prb.'2-
c.'c=.a to= studva1'., vl nl! kAh':! 'eve s,

he I mt. ' Uw j»b 1~.'ji'.tl ems are for upper t Jc -:Ur.[ nry rjr RAND .3 scudents vt o
lv'Jt:I 1 r ~n l! ha ' . Or."e ee pCY e    j. Wi.' h ' .n!tvrnrttYV Cer. jr iqUeS, Jta 4l nc'Ig ! y
c'nd Yepv=t Wr i t I »ja, Ilia' '!: ill.1ej'. qieS t. =r S tl C . = tr;I '-. l  lui ..e epeC.if iCally SO
 l»l  e I  i ae rC.S mray gO ah . Sd cond lj la;i j, P..;r I SP, P YOCeClurCS thvmS ..l VPS wirh
min i  n.l lie1p I rvj-.  ':~e t earNer. hamC h:n LS»r' 3 r ' rj Ymna iOrj are giV .'r in
;!9!entlreaeS fOr Carhop C US . n I b: I O'. pii3 ling Che StudentS,

Pr 'blvz ~ 't.-.N: I'..': b,gl I !

I":. Ii1 e ms

..n''. apl yS i iS Si. j. ' I,.V '. Ijt"; l»j re c'b   k: W: l =Ikey t !-n Lcjc;n r l OY
a"ac. Ir.o: u  r I .t".: i ht'! *rc the> =  «-> jog to tl:e ~bri ht-
nescs oY tc che ~ar =' h col t hj I; I I'.. '. kow c aa yo ! tel' . 1'e.' 
'v ' ' u i I  I  ' ' I

',.'Ur vl: I b:; I  ; ~»:e11': Wi11:hey reai j,;» [ lje l!Yesenre ia ttie vat .r
nl i i I, ~reve. fish oior:;.' 'j I! I ihny   e>t c. to tt ~ pr~si�~ j! I» I 'je

- V I j i- vl =< ere '. f Ytl..! j' Va, eVUn ii -.iV j:1 b.;> 1 eaveS:err
.-;b «.l' I'sc e Probl  j- ~r bj I re

Are aplySiaS ~Vn.; I j. I re '. O r .  t.h~ Are ail p;j Yi> vl  he lundy SeaSi-
j Qe+  YC Sgme S> l S m',rc.' ''»o' I I t ve. Yharj C. ther S"   Pch! n'jj<i'-jOYes

l.'I'[ Q' ~t'I'' I I ' vi'..

I' I y ill 'Lllll»y n~ AOlyeia ';err mUil', ~j'19i  !Oe..". 1 I ala, if ar yt hing.
j',~9V SpeW liquiC; S,'  irjj, I"rt 'lllr  f».l !

Prob Jar. 3, N ,.".'c:Nl;"I' 'h ! I:i',ATRO'i~'t:,i Th,' '.;!Ll:I<AN!:I- b AN I! 3

I
: ~Yohl er. s;

:Jti rrpl'rS '.'aS .� -im" . ' h . y  I» ! n   lj 2 nre9n., leSS C ' Cj. r; ! n r.911! .9 !

ap !'» ae -raw. ''. Il»w I;!..-lC. «an. they CraW' i» l=i  Ije.C Or
C; n.t.  ~j Li T.; I»a j' ..'! Ya.itC .'
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pr.-.lil Pma: kur t.'d 3

H<.v at a. vhe.r~ dv 9-!' y'-' I '.I'' i; I .;i: !« t ~ey epee J mos oi Li! .ir '. im .
rust ir,g, .:v. ~»I »f., ill' i I!vl:ng'  :h y t t,ri ~i!<; I!i-ll»i!. 1!ie.' ' »
sate.!

Are eplysias mori;I 'i ice;Ir i! lglit «r iT! the dayt im< .' Iiliw I'III' I:1
yi!ll Plier.k xi =h.« ! . c.«:!i !g to so !o 1:.I I, I'I i y,l",i' I «»I..=,e! ye

'~1!at. dace aa 'gl!9 i~ do «hc» yoii L;Lk!i li i>«t Ii: the waicr:arid
pja I. i i. »r !i w<" ..i! fa P? »r..e d.L S !r ta~!. l

'~hat docs Js A~L 9 i;I:li» f y»« ~.l»xa>e the water Lo b!.. ii»; I'e eal:y?
1eee sa1cy?

?robl'n 4. I' VD ~V'!

i
i.'i;  ib I ei i»iI

P 1	ye I'.»e P;! r eea: er Luce, ill'9 ','!};" ';iL;i, liu c'ci riley eat ' t" .L'o
t..! t.'y have too' I'i? I.!o I I'; '!'

ggyr.q 9: h i,: L ti  1='i c'» c' ' ff ': PI'i: y ' !et.' es ot J ya,

Al! vol. I! p!'P.:e to Bat. o clo :s 'lL' sl'92'ill r»  : '.'i i.»pl l.'Rl:'.

ll' ue I 9 i.h.-. i~e be Veen..'1 y;i,iii J,! i, i!c r i' !:I:~'-:, i;I' eea '=«Cd, Wll i»:!:l»i
1 .' prE' I i'', I I»".'Y   I I!.e I! I'el Prc.'.»Pe is t.-r L' ' vci I I..'. I' I 'll I!

I

I'. »«11vs ii l.'r«vi Je� J»d ot.her LvpL»'  il,~i»i w!. ed:!! e, wilJ.
ap ysias  ' at ~hc ~iLIi r .;c;I wi i il.,: I f .-;«, w',!ic'a ki;!ds'" ,,'i!.. »;il 'iy

P,ii';.-, i:i» li ii II '1!lyly-. »'.'i II92-.e» f ed r«r 9, cPJp o 'll, c'.:Iy: 92 92-, 92I~. 9!
t'.!e veekeT!d! ot tcT! bury tl» nisi.l>i '.» ri».:.9»!.I:i!. the t!:.t toi
I,!!.sale I' ![»»I-9 .i y t. ' I', t.llu t slick c f 9«E . hl3111'i:7
ia the sar!d a»d SLi iO-- l iii!. :i r;i~c .; r'it»!II tr i' .i«i!''Ci. ' I;at 92i�'~I.-
f ii ld t i! rlic r,'!»k. , '92 f they ar  hurgr" t I»' .- I' li' ' I 1!.l i.;:: n!mediat'L',,'

I ' .v««1!«r . ' I y,92 ".9 t!' sma11 I! io  9 og,! I »i ' ii i iie i eilk '«I:ccu '!Jill'i '<'
;i;iivs i<!9;Iri b!!r I i;I I » i''!P 9;:»;I, w'i1: thug   m~ il L i r i '..  vee!

7: y«u p!.L o!.Ly .ily i j».l~ ii 1-! I I..i t;»k whor  I- J!iI r;;i-.! I '.; I:=.;,;=9
li«rh e~?, I. Iei! y«u. get a re= t ioT!.?  y . s.i

Mlle t. maes a:I ~AL is ia do =l
:;13,~'l .1 ! I:L!wl er? I-os warm
the .'ip lyssa shows ~ i pi~
~. race whet «l!c.u'.H v«« ~o.'

; ».I Ilulkc.. tl e ta»k Va er S1!,gl'i 92 I; w,l..-'-,Ic'-.I
or cool -;»' y!.i; I:.;!'.e tl'e vat.er b  to I.

i' '."I.'«l»f«r t? 8-.en it. JOC9:.;ii;iw» I y, Ie
LV,  t!,!r-»r»-i~1 i i l~»!e i;rahu.ally t ! i."orm'l I



Hawo- ii M;ii Lire gaudy =YE lg I' 'I
Ree f aa . i': i i r e

I:1g> >, HLP,'AIT ll.; C EFFZr.'.].];Rl,."f I I'' Rl:TL]]:Hr' V 'r]',",!]'].ASH JLAAD

'plysi,;is ii;I'»c'. ex=A'JieTll 'i lb hei'to ar thii' ]Tri'.b].em. IhA.'y thrlvP L>o ciLTe
-'O'rJ, I ] v:! 92 ~X-a e;I.TT I:i- «e i I]T .'d «r.d =11: be C=at irf.'J.v I»gee,C.ed by t.hk.
ap'Ie ia or ti: s ioe.. Eton .:I:: Etr I:iu" pto I « t . The ~AI r ': I: I; i: a
nuf.'~:I ;a: maa puri V I'»CL!p la~mt SV L!>Af I lTC.dy T- .'ighl p;T.i' iC Very nf. «I'1V . he
a n»le DS C,'' Lop ! !It'   .. Jr, CulTL i;iri I: We ight y« i->, 'M>e equat ii'r    lii'tTT 1:e~nmeIn;

X i ra»:e o L'io: .:o Ie n:not i I: X keama ot A I

a=, iri gi.ni cpb ' t erms,

X g Y«Trrs::!  ncb l L.aa bt.': «r. ie;I: n.ta X gr«i».; i'.= prataplasm,

Ailtl tiana] ]Tie~.".; -.nr aplysi;i.-::i.; 1elhaT'atary «fi l»is s f.;Y chis prfbble»i are
I IIC 1, .Arpt eaniy ' ib  Lab.L!, eaIoi tel I L I ii  .;Y,  .'aSy tfi Tapi'-.t glT., Cake up ]. i l [ 1 e

1.:b=rac. Ty .;I,.;i: r,;snd ttaw r I;b:ll i

    i I I 1 t'.i
I

I e».:h Limo ti E:: t= t k r., '. r oee:he bod; .Epht of an ~A: e o

I

'.> Ii aa ' Ci Pi tent' Y l  : f.' 'T I r t-a;

.'.eC tba~ S t.udi -Tr .; C.ti da aS;.ut T;: f �..he plann. i.->;- ;n:; paaeible . 'r Vii r.3 g IC
1> .l;> a].o»>; w I i 'I rl.e t  L: miTiy:;iippestians;

Be!a I TT ' I r li Srml ].  ';»;ITI> r .Ap ]y'n i I S;. T i I'T . graVth Te i I ': 'ae mare Yep id
ill:] ".13 t T." e ti h I I '

PUt epit'.1 AC'].! .I itt i fi:i .;m'I!p!l' '-' C .' t «[I '» jyf . 1 Cp I [ ac I Sa I.'T b: f Liar] intake
.~rid Wi i;;ITe, v">] L' .-.ar bC  :I~.bp i'eil fk Y k'ai IT 'Irn ~ T».al

.kp'ys. i.'L iii Lt l Fr~el, c JL p ii .-.t.s w,ate c, I'iil;alii>Lfc. aa dccli ib. i lean. sand
ia tl'  ITibr,;.r» P '.TC'> i 11! .i Canc. «n l If.;er t en a ir Stra TA 1 > the task. I: i' f.
I:ta- P'r ie:i .t:i-;i1 I, L ir .Ll],;1 C:LTII.."�nilly f = ] ter i ii L'-,'.']> gal]an - tir . <Iktered by d t
]. e «m 92 ' l l' T. IT.L' '! ' t Q .I I" f'

�:emote C Yea'I'  If . 'iTS:I I:YuXI f. I: 11kr.' e;ery day Pififl «Pig]> the arVufT[
Jn t i Lkpi: li c.;~nk ' ilT c'�11 1 p

aS mt!f'h I.:e:i 1 en .. ti' ' 1.' f.'V  ry;l,iy;XS eaC'n A-.b I y.; I;a Wi].: p'at W it I:imilT
:iri r I..L't l iiia. ]. e f t ZV .; '."Ii1i pe Yr.i t ~ I   A lit T  tre .'k at AT Tc- »iai>V eT-am@

f at er., I '.;>ny is ]. e! t:ii: lie end ' t r ht.  'nv, fish it. fbi' t. Ifi '
'vl. i  ali   . EAI:y -p,k igli I r ' i. SCA v.-t' |e'i ] J, krT i iaTA mu  h >-;I' pi i I Tidal ly
e = c L' c'., j

T1 ie  .'e,'h A 111 va;'T;> f rc m ' O' '.; Ifb]k ac aha u t t I  .';IT»e. Iiia ir each doTk', = i: 1 1
'll' I' Lta;4;92 CIT. '4 pa]ll' [ r niTA'e]. ta Yer<V ' i TEL ee.'T  mater p We i v'.> ] r qiii.-.kly,

I'It ll I'en ill'L: d t ' ..IlTI '  I I I P v: ic> fv 'll r:! IT.> 92 1 dr,



Nature StL;dy Ptv-r.et
Rc.et anJ 3hvr'+

M-ke mls a dutss she.et Wit[' ehrae eO'amrnS, V»! c.;!lismn far tnE. da' V,
Lr~L Iu>w many grams af U'Va ted Vn, r.ln>I, rhett'o, and Or!e iar daily veipht «f
the Apl' s ia. Zi s E u;ILslli > hlvR ..1 0.>hl e cerning uI! w i: I-..s I~1.ink cata. shes.".,
hr. zc i.c os e ~hi=h nuked be used,

OhS[l~.:l> V'RT ~[.'R PODY VL'ZCI[I L'.V Al'[;s'NT ' h

A'31i's La ." 3
I
I

Eat.L n ~ l3r.s iy 'A s 3 P, > t. I
  rara! ssc~

Aplys ia

EaLL'nI Ii,rLIV '~'s~ ll.;hl FaC.d

After abaut t~L Vec'CS, e;s'., islul,Cs 1»sW many gramS nf Sen I el I.!:.e ie tnzk
Lr.s [: Cr.l ILLes' Il>sw lllsslI I' 4!,smC. n f Ap ] VSia.,

Discossiop~and Zc rL.

.[akim a gra;i':> I  IiLs r>uI;»'i ch one line shvwing .'; r'xm~ s>' fao~ anr' vrss
l  ne showing grams o: ~~i is ia.

-Did the aplysias gc'I sll L-.vpl>,:c:owt!t eael day, ,'! Irl I,'!!e'; g=nw faster
~ILsss! I, rie'r ws'.te ynisngel. ' Vnen. t.hey =L.r s !s Ir/e r ':

-ls1u<t. V�<e tee pL !pt rC iVn br. tel'L'.s v,r'rs:.l~ � : iInd eat~ n r!-.s,l !;ram@ i! f
bvdy wc' ' t,l' [ I,,! I s!e! I":

-Did. they s tap eat in' L c ' [rsI! yrr!wing, any t ice 'l I! Ir' n.'sp apl;-'c i s
c.l I sr fr!  I!s'. Isis>r eel": Cau.4 yOL; detL'rmin! I I!e r: !!sea .-.f de'ath,

-'Do ynn chink ~~aicL ot weigl-.r.   I,c:!sruti»g fooc. in'.J DcuLVI' 'Lcl!'!
;spy] is" tv r! i Is<s! a;>imals as it deed to n-.iJ y' I' s.s'.

� l!V y,!!s [1! I =sk I 're . ! � you e'at pre du:r rs v - [SII! r pair! in yt L::Self Irs
abo'zt the same Is cr.~lsr! r [ [;III .".'. it slir> in r'.>l..-s ia.' ll w ~ !92:l l vo;s find
III I ?

�".aW tlzae Vaur capet imen' L~ [ [» l.'.!!e!1, Vl at. are Vau going t u c'� Wi:11
y vie c a .> L y 8 ['! s:
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jeff« r I:ii'L AJ! ]g';i;'L t il>P..'l I t;'2 I, t;irL-; b,i t'f i'.] 'I2TLi»jr I'I ]  ig II, j.ng'

AplySia Prnl;ldsdn '2 V;iC I rieLI < ph .a ~ma11 prOL2p nf Sr»de»lte at Che
LnbornLory Hehsool, KrioviriLs that the vark thr y vere doing v@2- n pro- vst
 I   Aladt E "' 31.; I i lie fb'r 1 t I L. '2  L'fr I eai tber.",, t wo ty�'I2  » t lie c.loge Lqkeft to
Lak  ' ho 'eats a»e step Ezrthesr. Said they, "hie thini  the teachers are
going o eet tired «f gainly t« tlbe tbeaL t2 so o ge» to L.al1e -.g fresh tllL2;> for

IiLIL!gry aplysias. Ve got .irked af dairdg it.. Re waLLld like ta d.o some
teste »s iris' froze» 'Jl.a.»

Waile tt;e »eat af the t lass merit on. ta ocher nev experiments, these
viyk»IL;~LL rs Ii  rsvverf a. y!rd Lhd.ir ovrd throLLgh terr e vs eke at teat L»g. their

'.dees. They gathered fresh Ulva ant fraze it in. che seeciaris af ice cL2he
'.bViiLd cllilyeiSS Vl re td.d O»ly t re2-h U3ya, Other2- Onl> f rnZC» 'JLVa..

'L.'ie:s the.- switched die s The@;.iso tried. fresh zrbd frozen. Ul ra at che
:,:I.lit- ', I ine t» L'hie SdOV  .clr.k,

".hd' I. xee.life»t dei La these t.vo boy2- gen.crated shoTLed o Leer evl den,oe Liat
Ze» UlVZ I',thnVed in. ~l>e:Srdk! Seeme eqLIB.l s V aL.L eptab1e and equally

' t. 'vn to *. I. sia as Jiva datbered trash dai'y from tbe sea. Their
vork fe n roti c» t fhvt'vn tv this Tcich r'a Goide since, os the boy:
I i rsL 'v suggest, it permits ha»dy storage af a caLLp?e af weeks aE fresh
f o«L'1 .~21p th 1 v

I".f e; s;;s !112 IIII LsX 'Ll. I11E'. lb.' Ill!W '' [QICIL'22' .'j e'I[i bL'C.'CIQL. i [llydll.by& i 15] l L;ir f y
iIirou«h n s»i.ti ac t cxperimcc.t cE their asm devising..

IL'I  L-r Is»i en

Ile r'.yei r Fr if>?I,e ni'c' L';.» 1 F! if ge ?2ave ileCrr i'tieLI f eefib ag S.«di Se»S«rp
responses =' ~tsi: jvtfana, diviny, further insights and ideas to toost
.'IL.L;pcs.-.eft 0 r i li td; r < I> 1 d'. '111c i. L p;iIii r» I!lit!l i'tqedl E ri  lib'. AIir t l 19FI v t eeL2e

~BI. I. ic ~ I 3ot et in, "ol.. 126, P2, 212-21 i, avaiiebie at. thc I'ni craitf
Hawaii: ihrary.

t are drew» by Jason. in. Crace L. Hayb l9i 5.



Nacure S tidy Prrrjet. l
Reef and Sh vie

170

9. SEA AHEFIQNES

1 rttradLLc t.inn.

Three class  liviaicjna af PhylnnI CvL'1 entexata are the Hvdrt>x la 'BALLL-h as
fresh water hydra, many varkTIp rrhlrjriia? hydr«ids. '»L l PartLLguese Man-v-var,
the ~Sc':yearn vr jaltyfi haa, and thc Aathveva whirh iacivdc wca a»emvmaa
a»d m Isl nl the carats,

t',«eletxteratea are generaJJy z il p-briiied Imari»r a»!md'3< with h«ll«v.
badv ea ;it ice   hI,'  .-. >elejxteronI! . Their ten ;ic'les are embedded virh
litp, ref 1< arraed with neInatvcys s ~limni I> are discharg .'d I<irrh prey.

BANE 1 primary ct>l J,dr '.rL reIL da the sLLggI s L. l vbaervatians nn. an mvr ee
beth irL   Irl;>3 p«ala aod clees Itantks. 1'h '. pr«lilenL swath'nIr.rj s  ;vntaitx roc:y
 -.hal l.en~ca far the vlder DANDER 2 arid:1 scLLde»ts. 'I IIe 1 aat. three problt m"
take th .;IbJ I .; [ iI Lj lerjc a x»ta a cvns id  r'dI i hI> «f t«'erance r I»pe .~r d
beliavirjrel stLLdies.

A~>;i;hT II I .e

.'Iea anenIrjrtes are bI. axI  I f iI! aI>II

graCtatf LLl Sea i<ihmjb l rarIL a AS the gr Vu~i'S
C ITIImrII> rtarILe, artenI«rte, inIpL i   S ~
scrarjge and in   re'..r i 1 «g rr eat»res at
! 5 ran gl snL'.e resemb e pl;I»l. s rrh'tre th;.n.
a»ima s, 'iiita I r I»tee  pedal disc! is
~sLLally at tached  v I iIIr f ~L.e. A
 hiCk S mal~  I'L	ILmrI! Supp«rtS u '.'Il'LII'1
remi«n.  «ral disc! th'L  t>;~~ t en.tories
enc lr ]litt;;d III jar ilar nIoLLCh. 1't>'L
centre les may be r< trot.i  i taro che
qr;IJ. �I..;I wit/i!I then. cantrac s I»w Ir .

r. akirtg chc anemone ird v;I rl'r lllil, bu.t t."n
shape.

0 LITIC
ea.ter hv Je!

ENTACLES

RAL DL SC
~reCI»d rI »I l'i!

OLUhlN

EDAL 0 I SC OR
er SAL N sc

Seel iI:1P.:.IL'!llew,.al' b& I 3ny diiiI:[ el'Il L'C	.«ra 01 ~Ol«rim SS, bIIIIIp d' «r
eerj«h- «ki»»ed, small  i .;.; rlI;'I« " i»rh! «r rat.h  r 1 agape �2 inches LLL  g!
Their cvlLLm» m'~y he free «f debris, vr r. Iy lI»ve rjieres a5 she. 'i  Ir ~sjxd
j-, 1  i .'.� n« t >e skin an suriac . bILIIIIj.

LI'Lvec;tigatiana On SCa anejrVrii S,  '"specially the  :mm II'I epeCies,
Aptaiaia, eaSily imuIILI ln .Chal lrc|e Watere, makI.' 'LI> excellent irdtrVrJiII. r l lll CO
t.h  a ud j I>f 1 ivi ag carel@ vhi :h ar  g 1   fir jl t far eiiwmen ;Led students t«
«htaf I>
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Il'~b I   >t-

~zany eee anemones live w L hl >l l lie i»ter tidel zone and a.rv acr ess ib] e
t.a student groups. Anemones cen be found Ln t. ZcIe peale, attached ta the
  II> or bottom af racks, on 8vck pi 1 ious, aa oyster ehcL].s ~ plagal,t s ~ a»<l even
other eriLmu l.e  e g her@it crabs!, cr alnv~ . completely buried in sand,

Zf an 'mv»<".;are in an expaeed loca ivr c3«ring, 1aw tide, they are
venal 1 y sc leae t. partiaLly "r 1ose l vp» I,i. e. the tentacles are pvl 1 ed i»to
the arel disc and the I~ody ie contracte+. ÃiE'.» r.losed they resemble shiny
bvrnps o I ] e11o on the racks. Thc'.,>cLeeonee wi11 apen up aga ! n e t  Iie next
hiI h tide, or in «n «cIvs r'ion

Sva g»eiN»new attached ta plants ~ aye I er shells, end emaLl rai'ks c ge be
hrought still at techvd  v  heir suhstrates to thr c]ass .aquarium in e
bucket with sei w;<[er !est. covering them, '1'Iihs vi13. prabebly br. l.he moat
>vrresef vl collecting tuchni~[ve-

Ather anemones, ar  acheron to le.rge rocks ar dock p I 1 i»gs may be col-
lected by gerI  ly 3iftiag the besal disc xl h o»e's fingers ar a +tip.
ls Iug a k»i fe, even a table km< f e, c.auld eaeily damage. t t>ese sof t-bodied
ec ioals.

AcLuariuz HainC.cnencE'-

Far chart term, clasi'. ohservatian, sea ancmonE.S E.so be kept in e gal-
lon Jar fall.h I «11-strength sea xa cr enrJ. good aeration. Far nalni eslo»re
over a lang.er period, @Lace ttiem in. an aquarium, $ve: bearing 1 an Aquaria,
1 vms niid reecLing techniques are 1»rivaled in Problem 2 belov,

A»emones usually con a i ri ~ymbi ot.ic algae within t he:ir bodice contri-
buting tv  hE.ir ]iesltlx end well-being, I']a<-e  he aquarium where it vl ]1
rene' ve at. leeet six hours vf 3,>y 1 J pht, but. not dirr c  sv»light, each day.

lemp placed nearby >Iiaiil d work, taa, it 1  Ls nvc so c Lose as to warm ttiE.
~-;L e'r

Sig»,s vf ». damaged ar ilL see 8vemo»e. �! stomach pro uz'd<»g from
mouth, end Dr �! r [ppc'.4, bruised pedel disc +hi I> cn»y hsliaarL aut.  Not ,'
af t< z en g»elhone is callec ted, cw<»;i~ rsre f ul ly ae passible, L  s peda l
� 1 er. mey bellaDn nut. f ox' n whi 7 e before it re-ai r.a lies; in the class
aquerluw Al eo e very f cw spec 1 E..", of see anemone sometimes m ice hy inf lat-
in@ and float.ing arvurcil ~ ar forming an air bubble: u»der the pedal disc, !
It thE.   1 iso»a tines problems v3.  li I!ie anemone  ar any c hct a» lms 1 !, it
any l~e decided that thE uv ra;<92 has nat adap cd  v L' Iie sr t.i ficiel world ai.
an «rIvaz l»e snd it needs to b» z'ecurned to its naturaL hob!  a.r
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]jjA31!$ 92, 2., 3I'roblem l, ! I I-'.D ABS,ERVA T l~L

Field ebs< r var.iorIs of sea e,»L'.me»>es xIay be an,e I [ee Lm t.he agenda ot
pe»eral field Itrip, I ield abservatiacLs»re ge>ferally grass blit they pivE
the stud l»ts a "feel" f ot  tie cLstLLrel hebita 1 «1 [he acLizal .

I Pr abler:

Observr sI.'v '>riezIc!nes irI the ir hob Itat.

~Se ee; .I Prorederee.

I'  ,Z r iC h Sea anIm lllL~ ~�~L rne iS laCa L  I wi r iIiIX eaey dr iVir!g dI S Leilll'e
of the sehco~, I .i lo! t Field Trip  !;L'+ .'!ec:t torI l! cauld bi 1! ';co»ed fc!r the
eXPreSS PV.ranee a E abSCrVi»g;L» l ra31ent i»P a»CmarL  S,

Wt>e» plsL>eicLg an. ExLe» lc'.Ll Ptel d Trip, chI ck t v eee if the placI  a b '.
x3St ted haS ar >mr.< S ' f er, inC iud  pr  II»r;>tiOn Ear ObSerVir!g nile L'O13eet-
irLg aneman s I=l tl!e var k agccLCa tar rlIe Fxtaridec FlelrJ ']'rl»

Se 1    t' '>IX l "tranSleta" l h L I.'hever qL!eat ianS and. Si ggeatiar!S belnW Seem
suit the pradr Lei +1;rod ability ot LhI.   92;>q~ .he qLIcsL la»s <:sn. be gorLe

aver v i  II r .Ie < 1ass bef =rc. go i!It;  I» the field t r i ~!, I: r;> gecLex'el pre pare-
r.tan abaut a»oman ..; L.ZI> t!e maie a»d  IIL'  ler,ei1ed qOI Stia L+ .;,<veLI fnr diS-
O'IL.".C3 r!Le nn Si tc'.   1[':arm!ll I i!» t-I Par Cr.thi S'L S I; f iir the teaCher S L=.Ce OrI1V. !

-Wl>ere do you 1,1»c3 « '» .znemorIes'" . usus] lv»I cached ta a hat l ..:l!lI-
sC.rat L caL e:c'eIl with vater, pt!:.s lbl y exposed at Lav   irlc.e!

J IL!.", e;«'.ll 929 arIema»L 1 ! L e S 1 O Ie Or da eL»<mI>=Lee 1 iVe i 3 gZ'aup> .
 b=to, but vsIL»13v n. c:ustLrs Ir rhils1 areas!

-Wh'I [  lI!ee a sea scLL.'r L!r  . 1 i!ok 1 ike" .'aha t L vl lr i e i c 'Pat, shaI,IL',
Has big arI,'.;>Ixemnn.ea.

-'I lIe re are marLy kiL.d s I!  ~es aaemo»r s. hrr rhere dif f eren.t k Jil ls in
this art.a't '4- L. Llt f f er ecLcL. s  ' l y lIi ! !Ilail in size! shnp ', ro1or, sof t-
»I'se ~ ec r

-Ilere are r!an!es p~ II» rc s of a sea aL>< nI! le 1.c.ok Eor par Ls ~ILtrlI might
ma L 4  IIL'.ee names TEYTAC1J",i, MOI.. TH, CO1UÃh, VRhI. BT CE, PEDAL DISC
 Pedal Wea»S i,'.Ip[;;il en Cal led l3e»S;Ll Bt ~r

-What rJ .lL~.", S sea a»emu»i  .,I wlIeI: '!'C.i! tOZCh i ,  rerr!ile,'

-Feel e Sea anr.m I I '.  Aembere

irLg L   1 1 i t » tile tcnta :li'» bL! t
C:.PILCaC t. with thL'Sa i rI r I~li 'hiL!~~
erLemarLe s L I.!Iy t»p,;.el ls are ni! 
a nIecnv tacysr happerI to p »I I, r;».
»ot iceab J l,  ltlier members vt
s I i 'h a'a ?or t I Lour se M;Lll � r! � we r . !

his f!ayii:III are equzppL'd  -I  ll "t>ILA.�
IL lid erIts are rLv  l I lie 1 y to came i !

the c 1+s< 9;L»e!cIanes, Zvr z ii  IIey do,
1 lkc.l y to pie.rcc. t t,'<' ILL!II'.aa fakir!, ShvLLl i

f inde. r,  hL Si l»g Will be henril 1 y
I' ll! I.!h!'t Lcm have mar l   l!x c nematacysis
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-5vme see anemones have sand or bits af shell. s « '.k tn their rnlisrnna
If any of your anenvries iisve, can you. carefully rewove these pieces?
Ilvw tightly are they sou.ck on~

-~hat el se lives iri the. immc d latE nrem of tiie sea anemone.

-Vhat. kinds vt  hi cigar are the sea anemones attach d. to'i

-H~ Gee.I! ic the water in which your anomo Les ere I fving" Are they
ever exposed tv the n.ir?

When. it ie tive  v Lc'ave the bearh and return to echoal, carefully
select a iev annnvnc.e tri luring. hack to the classroom tan]c for tlvser vb'cr-
eation. i'See In.traduction tv t.his  vptc: nr methndR of eallecting sea
anemones.!

BAY[! L clif'lrJ ren romp! ete their +ark when they observe u,nd discuss
+hat thev have seen. BAYDS 2 and 3 stud<'.n s can be expel:ted. ea make note-

book reports with diag.rams.

BAHUR 1, 2, 3Prob ] e.i 2 C',1&8 BROOM OBS ERVAIIONS

P rob gems;

Kow dv sea «np~n»ea behave in a c leaeroom tank'l

Kvw d I.d s< u «»mia»ec p,et their riame~

Sug8eated Pracedures.

Place a few sea anemones in. each v  sevec~t p,olin» !are with aeration
and distribute  hi.. j-ir" l v ili fferent lacetions in the classroom where etu-
d.en.ts nan g.len.ce at. thee 5 x om   imr I, v [ I.me lietveen. doing, t.heir other l s.�
svns. h»v t'ne c @ray < e tn let the studen t s take turns sil.t. l »g near tire
aquarium vhere the anemanc.s are. 'RILoevc'.i' has the seat hy the equar ium hus
r.h<' respv»s tb J 1 r y n f' lcipginp. data on chanpee in the unemviie.s shapes actd
behavior together with a note vf  h»  lme-

CIaea tank ar gallon jar obsc.rva iona marl+ <ivy.r a few days' tiptoe cari
be discussed during a s  le»re class period.

5t:icdeclts who o'deserved sr a. anemones I ii [he f e l K nan move directly into
the ques t ivns be.l.vw, @el ec ted and adpaeed to appropriate g,radar' level

Zf the class had nv vpIn>r c iuxi.c.y t.a cihaerve sea an.emancs Ln Ltie l r'
I'L'll «r iI hathi rat in. the f ield, svmc. vf t IL'» qves t ln»c 1 isred above in Problem
1 need tv bc. taken [» i-.l;>ca, especial ly the points abovr t.tie k l»<is n f
aaemn»ea acid. names of body part s.
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-riThat do S a S V 'i»llrra»c leak t eke  n the,aqriar iLim Campated ta Whet it
J,V<ikerl 1 eke chert yn<i f acrid it at the beaCh? ZS an aquarium 3.ik» a
hiph tide? Ca» VVV maki.' i Lac; r. irJe lri vl!i.ll' Lrlllar i«m? What daea a
nl>ange in tide da ta the anemone

-Sc m«s«a a»i,ma»i,"~ wove f r<irn pl ar.e to place. Hsa you.r s moved? Does
it have feet? Cari yam measure ha+ fast. it miav«s? «v» l   move vli the
vertical sinai,'s oE  ILe aqaar 1 vrri? f.'aa it. saic?  Resides g?idinp, an
anemone may also somersault, torm a.ri air bubble v.wdec <ts l>e isl
and. catv«vh«n  he: bubble liweake, f 3aat upside-down on. the vater su.r-
face, climb Lrsinp, adhesive bumps an its c.-alonrn, or s~lm wtrli; ate
tentacles. Oni. soorcii says t iiii t:iO. »Ierrrane ran nrave a Iittle crare
 .han, fl 5 iver:hes per haiur. Another says st mast 8-lO cm p 'r t>auz',
rratlag that an annnone »SVV1Jy mr>ve> <inly when diatiirbed It may
remai» iri ace spa t e lang time.! Qn.e way af checkirrg. an«ma»i. mvv«-
me»  Es r.v m,rrk  Ir» local li»i rif rhe peilal d.iec on the aqu.axium with a
grease pencil.

-Vivat di. 'fere»t shapes dves your sea varuna»i'. c-liaripe t teel f trito? Make
;;ke I,   lri~g,

� lraw m.»ly t c Ptsi 1 ee does yo<!r sea anemone have? Da they all have th«
care riLrmber af tentacles Are the. te»laches,il ] tire ~arne 1eix8;th arid
iberian-.? ilciv ilnee Sit Snemnne «ae i ta tentaeleS

-Laak up the Ward anemanC. in. the di~-t ia»a ry Vr i ri~-yi 1 ail!+AH a Wt!at ia
ilrlc.'.IT vri« ~i + 1 f i nr e, spry ng�'wood 1 arid . sawer ! Da y au think sea.

aneaane is ari appzapri at«naze ior yvvr n-iL'mal?  ',ar vov think af a
ri;imi' ye»i wv «1 L' p re f el

HAI nS Z, aPr ah leo 3. HORZ CLASSROOM 0352K~'AT? 'I'IS

anirrwl or a plan.

Su «s t «d Prvc< dv r<":-

.he qeuat iO»S b« LOW Cii» he nrlap l.ed ae neeile~ tO prad S,tude»t ideaS
ill ir i ig i92 L ag

� [ f;> sea anemo»e is ari aa aai, is it. l ikr any pvt animals yr!v h~ive
ham«'! H tw or hvar»vr.? I

Stud«r: S Carr bi rlriri .i v«r I a ~«g~e~t di f f erent teatS hy WhiCh ta diS-
i.over whetl>er a sea anetIarie is a p'ant or ariimai. They zlgh   h l»k iaaf 1 I, <
sensitivity tc touch, rvpralvc  I v<. ~er I«ii!r;, filar Yl qiliremerita, ma»rier of
eating. If he students have already b «»  old <~rriier I,I>;i>,  lie .~es anemone

arr;rriim<L,  '»i y e,>r .; I' l l '. carry out various tea ts ta "prove" the point,
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� 1 f n .ee;X enert~ine iS S alar'.t, ha'~- ie i  like «t r.' i f E  Z'r.;it f r'i!m pi eri  e
vau h«va grvw»v, i » v::«r' y,rr:l,~t come .

Vrii! I 1! i!Xlc Of S Way ta t.e St Sea anemane S r. V Si C I   r. 1I!'y
ma i s a = ~ 1 s n.   s'.

I s v 1»»l'931'  l$ f f erer!ce bett-eel plan ts and aIa ima 1 s @ah ! r:lI I s r'.~r 'y
to test far

T f etuden.t» recvmmetId ivcvrcvt -!ir' I" '> i ' 3 I er3 on of snival beceviar,
abservs t. ives vn '!ir. ricivc ti!c !cade tn the last problem can be rr callr.'d,

L iv i Lv !: !-i I:e;.eared hy r!at in@ react iatIs tv Lauch tv 8 'I E: e  en r
p.- rts n f =he hcdy, ruse r. ivns Lri 1 I glI t, I .i I '-.»'Ile-.rat«re changes. These at.' r. r

c; I I. J, b'r r' I;lbvrsteri «yon. it! later prablevs in this Lap i c,

Usually st vd! r r. I c'.: . I-.ii.; for ar!ime'3ity caves davtI tv Looking;r  I oval
I e JILt t emet!tS end f Oad, a Very 3raad Cr it 'C i Vr ~ 4y 'I he Vny Far teSCS atI
faad atId t cec. = ng '. h  ! I 'r';i pc r'»sf!.", cori' d»se emal: bits at chapped < 'I sli,
] g»L l-.c. r»!»!en r Or ! e.nt!ed dcgfaad aS the an<matIL ' S 1 Var! - ! n. tlveir neturel
hahi ta anemones cat. «lmvs L,Irty  II I iig, ', I»»!E h come pre f er living La Jr. ad
mar. C r i«.', ~r»i! r-» t i 1! S»!S 3 1 p 3 at!ktatIie aniValS ar E i Sh; V I herS ee.t l arger
hentltii. animals. Same kinds v ur:< r vric.', »»!y i!tt ct a1 ly inpest car.'n inr.'r t
»bji !. t.;, whc r rc'-.,zl 1 y h«nary, hut vill snab nr;v-.i  r'r;i l fnnrl $ It pre erer!ce
t o say f i leer pap< r, 6, l«tl;» Lllellll711P 3t the I.aboratarv School «t r.' «r!  » t I re
f r eil! h fry one Jay! A f lavar ti st cav br. c3! v i.;!,'.rl by soaking f ilter paper
in. t iSh j O r Vr.'. m  « t j» I C e, C»Cl!er   wi Ceo, atrd SeeitIp Which lS rrIrrr'C' re;>rlt 3 y
9L'a'ep teA ~7y a3l anev  Je

"l.ace the f ood near the anr. ran<, «z rJ t rc.c, 1 y no its vonch, perhaps
LIs inL barr < li' rir c.-l»>;i;r 1 r ke 'I'he anemat!e may use '.ant;Ic 1!" «z' c.-.'t 1 t s  erLa.l 1
h» i re ! Cn neSe tl e toad itIta i LS ia;i�, 'I l!e»!v«rh i!»ty e~. en. reaCh ant t a
e r a'b t t!c. t r.iv rJ

II:c-. I I!f Ir-we 1 1 ed, c.amr ac saba «r!r rvrii
of tetI Cult iVa t C d jn !r;X»! r t;>,are C he eaS i eSt
.''IIt.a' t c'.e n!1 vh tnh to obse92 'vL' E.'vd itig, rr rr-
t ions s inca their bod i c.;;irr': rane 1 w~enc
rsi!;1 r I!C-. f .!i<! i',' n he Seen. inS i~u t. ha «» I Ir'! 1 .

SI A
QA ~ Il!p 2,rnrl i s tw8cnt.e con ld keep

rim t s on haw mo" h and hvv af t L .i I » fl. c'�

jJ'Irl.'mal»l'. I:ic s.; i ent3 f ic 1: ters turi says
.anemone .e ready to cat vh!'r! i . I s I-.i I !c.
cxpa Idi d. r. v.ld I 92 !.r . 9,'. I c-r tak illy', 3 c ertaln
'l»! .«c!t Of faad, Sn anerranr-' may
seti«' vd = i;' [ nr!r;>! le!» respond s:awiy,
the!: nc.t st s1 1 a its 1 vad.

UP>er leVel S tLIdr' !  S r.".Ir. be C xl'.C..; I er! I O rePOr t. daCe, diSCLISSian. attd
C lgr' J. IS I rll»' ' » .lv I c'.11»nke See P ROMP 9  MAKr:AL aC raper r. i n.g S Lyl CS,



RAlfDF 1, 2, 3Fcclb 1 eor 4. GROWTH <'ll A 5r.* ANI:.M<!NF.

P r v b Lcm.' '

le the Sea anrmv»e bigger r»c>w rlvaTI Whetr ynu tire  r.ill ! c.~-terl h t?
Has 1 t st tl'I I'lier; bigger ar ha.s i 1 e z<'~n bi pger? Is it lan.ger ~
I ~ Lt facter, or wider~

I   you think i t iS Zeal ' y I,rivwt np,, naTI yau think Vf «Way t L>
meas azL' h > i-i« '.> I t is grnwing'".

I   an anenrnne eatabiishes I > <el   t n. t.he c.ias«aqLI«r' Ixim,;>n.d is acing
ted at. rcgv Jar I»i i'.rve la, it. may hegic. '.v;I»~w i>i>c.ic'cable gravth [!n[ t Ic'a-
lar ly i E it was a sm«11 e~',eeimeTI whetr caller I < ~l: I el>e atuden.ts nor. ic<
that  hr.' 's»Arrvrle ~eer's ta be gc. t.ti;ig b Jgt;ez, they niay ic it ia, L';i p ri~wtli
scudv. StudeTLts vhv have h« l Illa'! e experience viLli .ic ienrific prnccdnzt's
may hair «I Z<,irJy itea«tir< d L'»e;XOeenne When it Waa Cnl 1 eC: teA.

~ggl' E.cz e.-d Pro.".ed.u res�.

wvuld Iie bes ii th' mcasvz iris'; wc'r' e L'Ione wizen the' allL'mv»i' I .
rel axed, expaTided st«t e, Iir Ii'.r ro being fed.

BANDS ' «rid 3 CV<i1il I.e ennauragCd tV ZL CVZrl L' Iiia Inf~rmat LOri iTI a bar
gr«I.h I nrem I,.'ice RCr'a.-M M'VLhl, nrem .".ralph rig ernniqur s, !

kAN'3C 2 and 3 may w«riL '.v i.n~eetigate the rcl;IL ivrv;hips, keeping data,
beta> CTI Lhu;irVV»$' i>f fond Cd thr' «ri<.rrvr P;10~' the reeult.ing inc rL'a,.it I»
1E'llL t h 'ln ].~ nr girth.

2,:3rvbJ . '. Rl I:'!AT!l. ,'"703 01 S h '.Nl';"Ii!NI'.5

P rnl i 1 am:

"li'!v, cv Pew Liit Iv:.'t'»,"Aemollcs a'ppL'ar «[;d p,['<lc

Vhc't.hL't  iz»vi chIs prob]err can hi rJr»»' L'epends air hav, r,".uch "c~l'lpga'c»-
92 tvll iS giVeTI hy the Sc.a;i»i mL»re~ I f they reEOSL LV ZriirCJ llLL e in the
class tank, this sr[ Ivtcy will l>eve to bc' skiliIii'rI

The f L Lv= i»~; r e;>c'se]- backgzr~uTId;» fv~mil ' nn can serve «s a gv Ich' far

M>s students ma' want rv I;eke: r«rns mskiTIg a lcTIgth  n» I ]~nrisibly acme
diamer. Vt -- VZ i] v r pellet diaC ! nieaaurL'me]it C c ry day. Daily meaSVZVmc..»t ~
mtglit he bet ter than vr vk Jy vries hei';>cise avaLL errors can Iheix he averaged
c"J C. ~
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directing st%eat observation and. measuremente whenever opportunitiee da
accvr.

Teacher Bec.kg raved Information.

Anemanea may sametimee ~derma seXual reprndeCtian. Eggs, Or sperm.,
are farmed inside th» animal's body and are ejected through the mau.Ch ~
fettiliratian Caking place 4e the Sea water, The fez'tilized egg grows into
a micraecapic ]nveaile etage having s hairy, aval form, BLIt a delhi led
study Of thiS miCrascapiC. praaeHS 3e eat vKChia the teaCh Of imoet clase-
ro~. However, the release of a "cloud" af eggs ar eperm, may happen io
the aquarium.

Anemones mare often ahav veriaus methode af aeexual repradactian. The
8 CvCleht I may' no C ic e a sma ll bump pro t md ing f rom the e ide of an anemone
Over a period of time, thi8 bump vill I.raw inta a new aneiaae ~ coaplete
with terLtacles, and. will detach itself fram ite ''mother".

Another method ie far a sea anemone ta divide itself io halE along it8
length, The otal disi gradually constricts in the middle, finally pinching
off ta form twa "heads". Over perhaps several days' each head pvii8 dViLy
fram. the other ~ e.evalrig t.he ctivisioh to approach the pedal disc, ontiE
fins?ly there ere tva anemones vhere there was only one before/

The third and. moat caamao method of asexual repradectian ie a condition
where a part of the pedal dier. is l.iterally lef t bel>lad vhile the ariemone
glides over s surface. Even if it ie an extremely small piece, it vi].i
g,rov inta a camplet.e anemone, Often Chere iS a [tail aC eeveral little
anemones marking the pat.h the "mother" took!

ENVI ROKMENTAL TQLERANCE$  BAND 3!

Introduction and Rzc:k ra«nd

One question a bialop.ist tries ta answer about a living thing $8: la
what kind ol envt.x'onmcmt does this organism live7

5y a tvdying the living thing in relat.ion to ite surroundings, the
biologist finda aint that the orgini8+ Can "S[ a»4" Cert''i' teITiperaturee Ot
aalinities or association with certain ather plants ar animals, and that it

tenno  e tariff" others, The cond[.t ioris in which the organ[em can euz'vive
«oostitntes its ta?erance ran c.

The tolerance range af an argeniem helpe ta explain ite geographic
dietribotian. Zt f?a~rishes best vhen its env4ranme»t te et the Optimum
paint of all ar mast of its ranges of tolerance for temperature, prescore,
moisture, type of cail it praW8 is ~ C.ondftiariS Of water lt lives in ~ type
oi foad, etc, As conditions neer the extremes af its tolerance range the
organism becomes, stressed Far example, tree ferns Elovrieh Jr' cool ~ rairL
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forests an the Rig Eelaiicl When,i stvmp is. rraclsplailted ta sameoae'e, hot,
steamy var<1 in Hanaliil v it still grows bvt alavly ani! amallex' .and eventn1] ly
it wl,tiiers and, <lies. The'. marcel dry climate erceeda its. tr leraacr. <ease far
<emperatvre, rois iire, a~d sll~de.

Snye planLs and aoirin.l s have w ice taleraiice ranges, They can [hrive
l.n. a braacl spectrum of envftanments, e,g�cockroaches. Same plants aorJ.
enimals have narrow taleranee range.6, They cohabit stan8 much change An
ercaraple is. reef bufldfiip. earaL, Tf a reef bii31ding coraI fled» iteelf
eater whir'll is tva hat ar top coal by even a few degrees, l.t grows +vrh
6 1 aver end. cliquy altagetller f ail to reproduce, Caral8 are alav very cells ]-
tive La reduced salinitv,

Caz';il growth le of greet interes i and iiopartance to ail.y trapir at
Pat l f ic Zslailcl 3ut. cat'a 1 ere a]meet impaes able for elementary rhildre n
stud.y. Tli.ey caiinot. be reached vhere they graw vp the out.er edges af the
i'eef nor cail they bc szrressfvlly slaintainerJ far atcicly in a claesraam teok
Even it they cauld,, their gz'a~eh end. teyetian responses az'e ea slaw the
i.'hilIdren waujd he graduated before significant data ILgci been aa] 1 ected.

A saint Ian. to the Irapar cant 6tvdy af care'I Ifes pr3 th a st.udy r f their
-loeely related "cvveios", sea anemanes which can easily be: prawn acid
stvdied in ail elementary laboratory A lavk at what conditions are stress-
ful tv a sea aoemnoe cen give some un4erstaodiilg elf the eFFect af stress om
ro ra I pa ly p e

Stvclyfng taleranee rangee acid st.tace iri geiivral is beeemfiig fncreaR iiig-
ly <mpartaiie LTi pallotioci st<!dies, '~e bleed. l.0 knav haw far we cail ga in
Changfiig, «r palliating eo enviz'Oeiclent befare grave stresses are placed Oo
impartant organlsrns fn the ceca, inc J,vding an v«rselvee.

Only three taleraoae range ar stress sir.uatians vl I I be co>l8idered ari
anmanea in the next three problems: ] revered temperature, lowered 60 l inity,
'lad light c';ianaes. These three, es>virotLmcnt <I cavd it I res are key f actors
ehe granth of th~.,anemone'6 close relabel veau' thp carals.

BA lD 3Problem 6, 'I'F'l%'ERATlJRK 'I'OLZRAN ;E

The part it.alar sea an.emone useci .or this study is tile cammaii ~Ataisia,
The stu.rJ.elite may need socle discicssion vf tolerance ranges a,»c3 eiiviratLmental
stz'ees bef are getting in La ehfs prvb 1 ee.

$<teriais,
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Prab1.ems;

AL whar rernperatures 8v sea anezonvs live?

Hav dv<.. - a yea aneman  behave az react whee  t fs exposed c.i!
levered cemp~ra uz'e?

Do  heae react fvns seem ta iooicat.e stress? Haw d.v you kriav?

ls atrees Rzeatcr vz' lees if the temIieratur e fs law 'L e8 suddenly
ar if ft is lvvere3 graduelly".

Da anemanc.s re.cover Fram etrvss clue ta lowered temperature~ Kow
lang daeva 5t cake them rather ta die vr  v recover?

Cvarpire t.he stressed, a<ieiIanes with cv»i rai anemones at awbfent.
temperat v r i.'.,

Cv over the quest fvns vf. problem 6 with  tee studerite and. give them
L [me ca plan haw thev might design aa e! per fmenc ta aL>ewer the quest fans.
They cmy nee'cI I>eip fn underst.a»<limp. and planniiig  or the cant.rvl, The
idea of ambfent coLidit fina needs expl'>natiari.  Sec. t tie PROGRAM NANUAL ao
Controls, [f the stLLdents,lee nat well vr rae<I nn cant.rale, sc.ap and do
 hat hefare gofng, vn,!

Fuild several sea anemone uncIe:s-
wat.er cages, I nr Zar~er anemvnee ari
unde!'v,seer cage can be made by cover-
ing a stravrbe 'ry ar s cherry-Camata
basket with coarse. me8h nylon which
cari be   asily seen through but f ine
v'.iiaugl> ta receio the aaeeaae fneid.e.

cilb I'!e 7 49nd

mveh

basket insfde

Yor 8m',lier anemone&, «ae trans-

pa rem t p las t i c v vga ~ ma kiri@ hv 3.e:s f ar
water exehse pe by punchiLig a  pre f er- P

ha]es
;ibly heated! small naf 1 through  he 0

sides 0».l brit tam. In aud exper fence O
these cups, ev<'rL arith ao anemvrie io a ll I III l ll 6
them, f iasr with the z'fm ice the sur- llls lde pJ.asl, lr L «p
lance af t.he wat .t, thus makfng a
naturaE 'Cap" ta prese~ . the ariemone
Eram escaping, Once io a while vhen knocked, they sink, bu  ge»tly bab tv
the suz' f,ace spa fn. if for same reaso<l the cups sirik l i> ya»r aquarium, you
might. try vrapplag, a pfece af plastic tubing saic«rely around the l<p af the
cup, sticking. ane end vt t.he cube inside the other end. t.a farm a closvd
<fate. This fvt'~s a little "iiower tLLbe" arov~d the cup and he.lI!s it ca
fioat. ac. the serfaci'.. These cLLp-cages can be elva»c'rJ of scum by gcric.iy
pouring ou  the vater end, rubbing the insid,e~ and bottam w3 th yaez clr an
f i~~ger, avaidfng,  he: an.emane,
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stigents may be a'bl,e Lp  nqerdt an even bet,ter kind of nndervater
Beg ;anemone cage.

Set up two  ar mcyre! gal lcdn ]are viLh Seg water and aura 1 lvn. i'tierce
vi11 be the t.est chambers in which f emperaturee vill be varied.

Set vp ancdther ga?lan jar vf th aeratiorl and Sea weter vhfch fs kepi, it.
the same temperature as the ha3dfng Lank  the ambient Lcmlyetgt»re! This
is the. f'pocrcyl far purposes vf ca~p~r %san.

ZaI, sbl < sh two ar threr' enema»es icl each unde:t'va.ter cage end. LL'L them
adju.st to thefr cages for a fev days ia the c.lass aquarium,

racy require several dayS chr laager to complete the tests ~ a] 1~ »p.
tfme far Lhe sag. anemones to rest fn the hcdidfng Lank between teste. Thc
t <me ran. be fshortened by usually more cages and, rncyt'e test gers s fmu! to»ecy»sly.

Cpcyl the see vater in vne cia Lhe eeet gare tv be a few degrees ccbvLel
than the st a watur f» Lhe hah.dfng Lank, Denfde hov much f.'veiler the test
par Slip«ltl be, For examp?e three d.entrees, or five degrees.

Vl>erf a11 ie ready, move pre rape of anemones irfta the coolant les water
and another cage pF anemones inta Lhe. eaatrcdl far.

Decide how much  urther the experiment chan!d continue wfth def,".t'eases
of tcmpcrt1tvx'e.

Disc+sf t !le r eac. t. ious o E t he 'l pemcdnes a t the d l E f e Y erf t tempe ratu res,
Try ta account ter any unusual behavior, A  wllat behavior rebec T <en. did you
dec fdC  ho.t. the anemane wae undet' sLrese~ What vere the stress reac Lions~
Dcd you think yau er.tee<lett the anemcne's temperature tolerance ra»ge? Hov
dD you Lnvw~ Hchv lang dfd it taLe The anemone tel x'ea9 just  by stages! tet
n.cdrmal tank tearperatvret Hav dfd tht cpnitrchl ] ar help tv l ar.er pret the
react fans vf tlie aneraones in the teSt Jar? Drav a CCf»c'1vsfan abauL t.t>e
J.aweredl Temperature LoleraLlce ran.p.e oE eea anernaaeS

BAND 3Vtpblem 7. SAI.I:IlITY TOI.RRAVCE

'llnl fke mast. ancelcyi>eS, the little emvattl-sacfnned brave ceo anezacle,
~Atafsls, is fairly tolerant of side ranftee in salinity. Zt seems f o be
able to live in stoat-poll ted eater and brackish eater. ~htaiaia oan be
found in the hie 'Ma% Canal. Test spec:imene. at the Mefkikf Aquarfum have
beeo taken down step by Step to nearly EreSh vater.

The generaj. exile in sub]ect fng a» mals ta envircbileental changes ia.
do f t grarJval ly to prevent "shnc'.k" ta the anfsuil S pbysio logy. Eu4 since

4;ac<'fuL?v mpnf tor the reactivns 0 E @11 the anCmpheg, particularly how
Lhey respond to food. PeC<de how lang yau wi]1 ccdlleet data, When finished,
return the' hei acbemones to the hcyldiop Lank far a day tp recaver be fare
r.est.fnp. ap,afn, ar cvnt.&lv.e testing fifth diEfel"ent anemones,
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~h .s ie,ia can ed] ust. a.Lmvst, i srmeJ.ietely to salinity chaTiges  us <tie» .a r;<in.
etarm iuuv3»tes». ride paal! the tr s.ts be j.av r..s» proceed iii fairly dree tie
steps. Iri face the clianse in salinity may n ad ta be: as brae t tc .ws 20'X or
mare Lii a»c step in armer ta precipltv p St 7ece reectiane.

Pre-reqisisite ta this expvrimeA  ts doing the Sea Water tvp L' v g i vl.ll i a
«»ocher part v'. Sec. ias Z. Until the studeri S 4sve rassle e hydrameter and
Lear<>pc3  n icaiierscend and measure z0.13 miry, they cennvt. da I.tiLS prvb l ~.m

Materials.

gq �' ',p,'."..$J",pP.  F ~IKE'Z"O' E'I' CI",CG' i8
-'r ~ig'pq~-exp�e il: iz ~e+c rd .'J ~ ~Re, -~p.:: i':z~-~r -<U'e!

n.;,~var. s+ez
iQy'g 7;~! i AY, DP8 02 p Ug $g .' &~ ~~~~~ z zB " '3""'''g" i t" . g' "'l:7R

4"~ pl I. '
$7lp~vl. R ~r .~ ' g r   +r>e!l,,i ~ ~ P ,g gj,k z Aq~r z w . ~~! i > rt !~!:! i >' P k.! Pl? J

-"ap ~l.ee ' '!.4 e~"�'ga .,g 3 ' 'rCe th~ g.'a<~ m pea ~L'I?r L.! Ji.i~ e'",.6�'
j c', 8!'i ~gl?P. Gq+ BU~' 8i fP

salinity af naturaL sea ~ster?

ea.l inity of the sea water in the claee aquarium?

i aweet salinity wt> J.gati sea a ieaanee will taLcrv  e?

coriclude tram this?

Suggested Procedures,

Reviev. with thc s ac3eacs the wark daric in th< Spa Water tapic sa that
they racy? l wh;i.r sea water is, wha.t j  s Sal t concentrations are ~ l>aw I a rake
d.f I «tines ~ and ha+ their hydrameters wark,

Ch».lieage t.he ztLLdents tv 8 '.S<g,n. an experiment by whicli ttiey r:en test.
the talerancc «f sea»removes ta seliiiity l '.velS I ewe then that. af nvtm,>l
sea. watPr Remind them, if they  vz'get., of the need far cv» rale, date
keeping, repl icativns,  See PROGRAM HANM1 vn  lienee tapics.!

The taL3.awing pi'ar:edores and quest lvns Praviiie a "fall-back" iTi tile
cveii  t.!let etudent plane are Inadeq«».te.

Es ablush sea enemanee iii underwater cages in the hvl ,'in' tank, ready
far testing, Sve: Pz'~>blem 6 abave far cvTis Curt t~g, such und~rwaer r  vgeS

Set up as n»ay snLall test aq waar [a  gal ion jars or plas ic-l tcierl latexes!
»8 are rieeded. Provide apx'»t ion, keep tempera tuz' '.s ~i theo limits af tvlera-
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 too Use an»  at leg.at! eantaincr for each different salhotCy ta he
tested,

Hv~ vill yau make. ?eSS saline sea varer?  acId tap wite '!

8egin ta mave I.he Cages af sea anemavea fram the balding tank fnta the
test corltsiaera and observe c.a refelly f or st rea8 reactianB.

Nafntai n a c'antral of ace anemones in stahdJtcl sea vater far cmopvx'4soa

Tak» data Ae what ealfTIlty levels cIid, the anemanee. find the va er
ioralerable" How cvv14 you tell they Eaved it fntalcreble'7

What caoclusiaos can you make fram your experfzon v? 'Wo»ld you expect
this kind vf anemone eo live in aha.liow, Mgh t.ide pools? Why or vhy no ?
WOvI d you expect thLs kiii4 af anemone  a ] Eve near the mOvtha cI t streams?
Why ar vhy aa ?

Zn s<verej, laboratary tests on ~4, C>isia, "st.<88s» reactions ec.ecaed. lv
cvosfst of; stubby ton ~c les, retrac Led  en Canles, shrunken eo] van ~ c.an-
serict lan of middle of column, swale.en column, c.lased eIoicth, sending oui. of
acvcI t a  orange strings a igeal ling distress!,

Tn the labaratary  esCs, stress reac  ! o»s occurred iTnmed ia4ely and
thea the;<oecIIane ad! usted to Z S normal laoLing behaviar wf thfn terI TIIfnutes
 .o an hour, When t.he:  O.1eraoee range vaa exc:ceded the I.i LPS< react lane
increase3 thtavgh several hourI;,

BAND 3ProbIIem 8. LIGHT T0LMANCV

.latcrlals, anemones more ac tive in the light ar in the dark?
ea aoeaoovs t'east. ta cIirec t sunk ighe?

a levr l vf lightness ar darkness et which sea gnemanee.
be ar cease to b» active?
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~so cele I Procedures.

S  '. 5 f the students ta,n ir!ven.t. same ways tv  est. the behavior of eee
ariemanes at di<Eereat levels af light.Liar's and darkness.

Among,  he things ta keep fn mi»c] are:

-Give  ime: f»r the animals tU react. Do nat expe '.t resu.les imzacd.fate:ly
aEter e tank ie diaz'keherJ. ar given ext.r~ light.

-Da nat f arge:t roe'> als, replica.  li!es, end the pvss1 b] e preseriee of
 i her l imleing f actors. �ee PROGRAM KANVAI  i»der these headings, !

� Caving extra Eight tv a spall tank, especial ly if direct suL>lipllr ar
an ineand,oece» t '4«lb is ue.ed, can raptdl y raise  empery.t.iire, thereby
,ad4ieg. in an edditianaJ. cl>i»pe f actor, Can yn«keep tempera, urea che
same while lieth  Jewels are alt.ered?

-Stud.eats zt8ht think af using a r.amere 1lgh  meter ta meaeuro lfg,h 
intensity. Other wave nf measuring. m1phr Eie ta nee descr3prive
phz'seas e«c'.h as "daylight but. »r t. direct. eun" ~ "94m light but br I glut
enaugh ta reed by", " op dark ta read", "p3 I eh 'black", end similar
deecr].p IvL>e,

-lnf erma'�aa supplied by the ceacher might i»o J vie that. mariy eee
anemones conti'» symbiotic, chlarvIitivl l -hearing, prv i 1 ets  let. them
1»ak that up! !, ar expla ia that these mltroseapic gu.est pJ.anr.e».c.ed
light ln vr8er ea phataeynthesJre aad praducr fovc] «sed by the
wnemane  atherwiee the s». ~1 i tself usoa J ly 48 mare active a r night! .

Claslng, diecueslori ol rhe data might iric]ude cansidera ivL> v  where
arid at vhat. dop lie .",ea anemones aight prefer ta live in n >tvre

BAND 3 s urJe»ts vha vere abl   v p«rsue one or mvte nf these last
three saphiat.icated prob J.erne ae enviratLmenta,l tvlerances can be ay@ected
also to have the carql!etence ta nake t rCJ treble writ ten»v t ehnak reparts,
gee the PROGRAH KAhllJAL for <epiirt ivg, stylee,

These experiences wJ, li goeeaaoes will be usef«1 in studyirig carals
the nox  tvpic,
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1I3, COHALS

The et»dr.rrts may gi.riee1le prob'ferns abaot morals whir.t> they would Eike
pvrsve. Their prefereriees may inElue»i.'e  he teeeher 's atlcetian, arrrl s-

sian, ar mad if ic at. ivn at  he  legs developed here.

Six prvblears a» c'.ncaa s are presented im thf s  ap ! a'

1. The Vvrm vt r..ivy»p  .viral  a cambinatian af t>drd sari sc~ft par ts
shawm by play dangh srvdela.!

2. Coral Vocabulary; Caecal Behavior snd Repraductian

3. Caral Skeietans  Are. they alive ar dead7 Cf what. vsP are tliey
a r ural~!

c.'az al, Crnv<h; Kinds af CaraEB

5, Clleriit c:al Campasitian a E Carel Skeletal»8  eppl icatiari af the
vinegar test. learned iver ttiP. see shel l lesson!

6. Coral Heeds  their mess, value, 8ecr8i'ty!

7, CcirzE Reefs  their types and dist '3b i  ~0»s!

eASHS l, 2 ~ 3Problera 1. THE FORM OF LIVING CORAL

Tn lieu. af observing live carals, this v 'c.$vtty gives the st»dr.n s;s
tactile r.xpr.rientP. OE wtii  coral palyps sray be lik» based  in. their previous
knout edge of enemones. The Background Znf a<mat.< rn f allawing the Suggested
Pram edmz'es wl li help in gLriding the ectivity.

Na t er ia 1 s,

-i';�'cry e!" z-,' ap Za~h. '.-'se ~ sc;its~ 'h,'pr: 5'gc, 5'h~"',',a i.assr»,
-H2psf' kinet.re' ' dyG~ PU; ' 3'V.:3p., $ jC..A ZB Chas&' km'' ~90 i 'r Klieg VRCJg

bNe, .2r r ~-i" rvzrrez ..<g <'<v'"
e' r c'.,»a~ ran' ' or .~ ~m ' eke l r ~~2»~~

Althaugh morals crt L]ie mo~t important animals at the eeet  they are
makers af reeE! ~ i,'ar;~ la are dif f iamlt far yea»gsters ter observe. Living
eat'al s oraopy t.he outer margins af I.tiP. I[sw'aiian reef tv white yaun.g children
eaamat get. Tbc lLvicrig polyp' are Lrsoally taa delicate  v survive the
rigor'0 of a alaasraorrr tank. Far these rPaSO»s, ecirals are istudied hr re by
comparison wit.h I.trPiz' "Cove] cis« the amemanes, as vali os by simulatian
using play do«gh and by laokirig at coral skeletal»8 PictLrree, dittianaties ~
encyclopedias, and. the  i ether'8 t»st r«c tians may nccd tv b  eel i ed «pan
motp f h  ht e topi e. than im dealing vith animals which c an be maintained
alive arid observed eloet-mp.
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Ac  iv t  y

]iirJrJ.L e. Whet is eat t � ba63 eel bur atone-hard ~

Mko s sea .anemone fram play rJnv.gh

Pu  the auemaue in a pape:I i;«p  small fluer d  IJp «sed for muff ins
ar candy!.

Let the anevarie extend its tentac Le:s t i! f eel the outside ovv l ta»�
Drear.

Chs»g,e the shape at the a»emone sa that it can h l de entirely
vi thin the c up,

Pu  ma»y paper cups, each hald' ng its own anemone, »c.w  I o one
another sa tha  r lie sides af the cope  vvr:li-

Connect the enema»es in sd j,acct cope by adding strings af t.hin
sheets of play dauph, Thi' ca».nectinp, daugh should z'e.,ich from each
anesrane ta tbaao vrL aI l sides aE it.

 The answer  a the riddle is the o>lhmal represented by the pla
dough 5n the paper cups.!

Suggested Fracedorr s,

Wke up p3.ay dough  vr have the
study'.'n  s de sa! t» brawn, pink, and.
yellow ~ representetivc af the  'cr>mrs
af living card].s, Use it ta carry

>lie suggestions given in the box
abave. Different. s zdenC8 raight use
dt f r erenow calara. When it ie

ta mske the "calvnie'a" by p»shing,
tlute. cups close ta8,ether, all th»
yellow anemones cauld ge   ortether,
e t: c Tbe Yes ul t in' un i f armly-
calared and gcincd-t.age be.r "coral
c ilv»3 es" «re a»sl ogaus ta reaL
carals.

Three intcrcvnnec ed play doup,h
Ll3++voes t n c.heir f lu ted cops

representing a caraL cvlany.

You might wish ta help the students salve the riddLe as tv vh»  their
cvllect tan af .anemones in cups roprescnr. by giving. a few hints, such as;

-The: t,ute3 edges. af the paper cvps, ate ~ in rea? life, very hard end
white,
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-Ird real t ff eh litle "anemo»ee" live 1» ocean vaLrr, not n I!eeP acean,
but oat fn [,tree pools e.f ther.

-The fluting around the edges of you.r pape< clips represent the lace-
work in this real cspecfcaesl,  Bold vp ao actus.l coral hevdl, ar pic-
tnze of vie, showing, the lar y polyp cavI ties.!

dao~round lntormatdon.

In t.he last top ie  Anrmo»eR,! it was not sppaz'ent zc L Lx.pt whether
Bea a»emorde was a plant ve hard animal, In the: Case of v der,zl,:t m iy be ha'rd
to dfstingvish it as truly a living thfng, When we laak at o piece at
coral I.o a mueeoe dfsplay case it seems ta z'eseiAble a, c  yetall inc gr~th ird
the mioetsl kingdom, Warn pieces af cot'sl along a beach ~nke < s think of
roc4;

Aa eA< t re cora], I.s a living ching; in fee.t, col'al:s a valises c 5
ardcmoae~. Each morals and gnemanes. begin life. as simflaL' ]uvenil» f ~Iris.
 micraecvIIic, many-ce'I Led, kurz'y "planolae"!, swimca5 og in sl:a «' ster. When
the baby coral set ties an a shall.ow sea floor In, a plar c «here it Ls not.
tan caid or dark, it gra«'s inta «LI anecmrde-l I.ke err aL' ore callvrJ a "polyp."
A young coral polyp talkee. calC LLm out vC the surtollnding sea water p chemi-
cal ly changes  t ta limes.tone  calci<!m carbo»ate!, deposits the t izestvne
uoderLleath and all around its body, a»rJ sa makes itself;I skeleton,

Zt is the 1fm<'.stone skel.eton which mast abvionsl y dist I >g«ishes cvralr
f tom eea aneaoT<p'.s Zt ls the coral skeleton [ha.t we sc'.I'. in, e mosevm dfsplay
case; all the cree-llvtrd soft coral ~olv a are deed ead pone.

Some carsls are "soli dry", ar
m;id.e u.p of vn3 y one pUlyp, f ar crimple
~Fun Ia. In a llvlrd aper ltcen the
r LrJgee. help to soppor  the large. ~
e a f t-bvdl fed pa l yp,

FUN' lA
a st>13 tary dirndl

Nasc coral' az'e colon!a], the vz'I.penal polyp nu.ltiol ies. ta fvrm a
whale colony of polyps. by t.he reprodu.ctivc process vf l~uddi»g ment fane:rJ.
previously far anemones. Eer ti polyp accvpies its own ha' i.'  n. thp large
cvtal skeletvL!. The polyps are connected to one another Ly n chin f ilm of
1 iv ing t'i s,s LLe.
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Probe.um 2 CORAt VOMBUL,hZY, CORAL SZHAVZQR AN[! RFPRODL'CTIQN HANDS ~,

Cora],8 grow hy nieans vf; [! budding af i new polyps fram the sides vf
vtder polvps, arid 2! se«in.lly, by Lhe ha.tchinR a. eggs into free: flooring
plariulav, eaCh of which hae tt!e pacential tc sut le rdn a suitable eurfac .
«nrJ. hegira e new colo»y

Iri this ac, ivftv, the stud '4 S b'.en. make use vf  he play dough arie~nus
anrJ fl.»ted cups thcv assembled in the previous problem. The "s vry» l>plov
describes gz'vw h hehaviar of carals. The stvderdt.s cari e»gage hard the ar t.i-
vl y by adding their owm cvmments end by ninny~>v.1 sting. their play dciiiph rn
reproduce the: described action. A  the same time,  lie: res.r.her can. dr fine
and use rnrreec terminology se a means of t.c'.,ii hinp vocabulary,

Vec rbvi,erv.  te be coven irrn the coeveteer.ivr,: e needed!

POLYP ' Ari an emari e-shaped c Cir a ] an ieia 1,

P[.ANULA  plural = Planulae! 1erve3. farm vf coral polyp hatchr d from
an egg,

GDRAl. SKELb'P!N' h eta~-hard, 1 try cup in which a polyp lives.

SOLIThRY CORAL: A cora J. PvEyp crhfch lives in vie i,'.vp  u.tsually a large
ave! by its lf.

CI3LONIAL CORAL= Man.y earal polyps jo'Iil.ed' together.

CORAL COLORY ' .Same  Have s ude»ts ! efer ta dict J vri» etes. Alen
recall the join .rJ-together t.issues and  lv.red cups fram Problem. 1.!

CORAL HEAD. -h, ]a[»ed crdlony of cvrals-

CORAL REEl' lmts of coral heads Jniried together, ad<lcd ta end reiri-
iarced by many se» weeds with storey ekelecans called. GOYA[.l.TNF.
ALGhJ;, Nsny reefs consist. cia ss much ar mvz'i,. i rrelline algae as.
af coral,

by sc.ude»ts!

- This coral pvlyp has same t iny gri e». p1 ants [' ALGAE! gz'imi »g ins fde fee
bndy The planLe. rder d, sunshine ird ardb.r  v grrw end niake fovd,
 Demons'.rate by «aking data in t.he play dough care 1 pvl yp ! Wbex e
should these carele grov?  Neer surface: vaters in ligh ,!

-same carals d.o n b  hsve green algae Li vi»g, in them. wber  v >n. rhey
grow~  Ab>yvhere!

-Here le a. 8],ape going de f ram eea level ta a dec'fi par t ni the acean,
 indireted. by slant .cl line ard blackboard!, ib'here shall ve pu  rhe
carals"
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� lt.'s very low tide, Some of the highest carals ere almvst. at c.he
e.urf ace a  the vater. The suTl is shining and t.he ~ster ia getting
'hot. What ehell t.he carats da?  retract to pet away from hen.t, ar
exgaad sa their fnclnded a].gal bodice can get  he sun!.

� Zt's oighttime. Kaay tiny lit tie planta and ao<mala ceiled PLAhl TOh
are fIoating deep in the vater near Itic car@la. Vhat she] 1 the carel
pviy'ps do? l Came ant and expand their teatacle6 t.o catch e meal,
Carals get faad a! by abaarbing wMt. thefr internal algae pxadoee,

b! by iopee.ting foad ca.ught fram the wet.e:t like anemanea dv, !

� h ] ivlng coral head ie grow$Tlg wear the surface af the water. Ir. is
raining very ha.t'd Whet ia happening ta the water?  recluc ed aalinity!

sbaE1 the carale dv?  ze.tract!

-Here cames a big, hungry crave-a -thorns starfish, What can the coral
palypa do'7  retz'act...get. eaten!

-]/ere camee a plaeu.la carried by
a wave.  Hald vp a emal.], piece
vf play daogh shaped 1 Eke s
plsnula.! A.ere can this
litt] e plsnula gv? � f f er a
flat surface ta which it might
at. tach itself.! PLANU Lh

-What can pratect the'. carlyle fram the crvmi � of � tharoe atarf Ekh?  Tritan
trnarpet sheIJS eat. cravn-af-thvrn~ St.arfiah, !
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beCr <Or

LerIgt c.hwf.,J
Set I t orI,

Young i al any
af pa?yps
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ReeF and Share

-What dv yvu chink vill happen
ta this planolat  Nsny are
eaten, A Eew vill sttanh ta a

surface and change inta a
sraa.ll. ravrfl po lyp.!

-What shall the new evral polyp
da far Protect.ic!n? I,'Give it a
fluted paper cup siTooltIt t»g,
newly l1 I d <If>wa skeleLan, !

plsnolae g,raw up ta be
e irJgle! salitary cvrale, like'
t ti s,  I vm prI]yp incif single
polyp of ~yoo fe type.

-Nast planolae graw irIt.c! a Carel
 Mlyt'JNY lcm can they da thaL~
 Pull e loarp aut fram the g.ide

ft!e pf!lyp and farm it inta a
new pa?yp imiLating the budding
ppac ese Add rIIare pley dau.gh
and cant lnue t.v bo8 off ~re

ancI mare palyps. i8ring fn
addit l.vnal flol.ed ovps far the
new pa?yps until a calumny aE
cops and pvlyl!s <s Fnreed ~ !

This stnry might ga an with
the students inven,t ~g ideas as ta
what else happens ta carel' svC'h
grawing inta a. reeF, being harvested
far Jewelry, sending not. eggs' and
sperm to fat'mI new piano?ae, getting
braken by waves and etarms, taesed
op arI beaches, evl lectern by children
a r sa uvenir hun L ers, mad e $ n t a p ape r
wc ights ~ e te,, etr

tflya«la set.cled an surf
graving inc.a a slngjl'

pa iy [! vr l I, tl t!e p,i nIt ing s kele t. ari,
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RAND$ 2, 3Problem 3. CORAL SKZIETOhS

This problem cori.eists af iovestipating e carel skeletan ta see if it
te alive, and fiudi~ig out. af vhat use the skeleton is ta the: coral polyp.

Materials

'~ge asm i sqp gtan i~ ~he bande af the Cec~Ker ca@,'nz
-F.'e,'.es a, germ rara'

Select. fram, ar madiEy the prablem qvegtiaos as »coded ac 'ordinal ta
stodge»t.&' in.hereat ar questia»s,

coral palyps in this specimen?'

ace o  coral be kept in me~ water Why ar why »ei?

ace of coral be Eed't Why oc very nat?

like e z'ack? a snail shellF a. leone~ a tree truok?
what ways doer l  z'eeemble any at these. thi»ga?

utah madel af cc rul, +bat represented this hard I

af ways this vhfee coral helps Lhe palypsY

Su usted Prus.eiiu.res.

Io r '.sp6age to the quest ivns J n the prabEem, t.t>p. s t.ideate may suggest
 hg.r the polyps are z'e. r~c ..ed inside the hvles af the vhite coral, and that
they vill expand like an anemane: t! the earal is pu  iA the aquarium. They
may suggest that Ee '.d.ing ie will encourage the palyps ta expand, Test these
ideas anJ a hers the students cavy axi8inate.

Af er seeing that na polypg expand aut af  he: liolea, even vhen cEfere8
something ta eat, t tie students may begiil ta vander if they have nor got
e.omething I! ke a rack! Having a svai 1 shell f or campo.ri gari may help them
begin ta  hi»k vf samethinp, lef taver a.E er an animal d,les. 14lat da we call
t.his leftover pare~ Wha  is gate ave of banes inside of us~ A she].e. pn.t

-Have you. ever vast ed. a long, time for a bu.g't AEeer a while, does it
f eel gvod ta t cari against a Mal l~  support!

The stvdenta may think af avany vays the caral skeleton helps the polyps,
lf they get stuck,  ry rheae hints far two ekeietal functions,'
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-lv help reinforce the !rhea that the ridges help support a polyp, yaU
mdiv want. t y age the analogy vf the aupparts irl iSn ?dmbrelle.

-Lf e tish that cata polyp'. kg avimraing tcfwaz'd. e coral, vhat f.Jn,  he
pc]ypa de~  retrea  for protect io»!

Prablcro 4, CflW1. raOVm; KZNug nr COaPZ. I3AhlP$1, 2

Coral,g in. Hevaii are a  the Northern limit aE reef boih.d.illg, vtth e
reduced grovth rute amounting tv as lie.tie as a ha!.f inch rise in he:tsht of
the rr ef per veer. A gravth rate of this degree ia rdat observable by elemen-
 ,> ry children. Nevertheless studerlt g cao inveet igate the cardcept af gz' ya h
rate tor r. ore] by analogy La [,lleir ovrd gravt.ll,

Cs ce rie e

� S~~Eee a f ~nm~e
-. f.l+gnt; ig a' dh rewpgo l'T r rim rw . Ggggenr;e ' ieiqhL~ ~Jr tee~ pi?iH,'
� 1'rZM e C~'.ek.
� Va o e'.r'G

Lao yao f irld ou  b'av tell yaU vere lect year'  Hov teil are yoo
now? How much h;lue uou grown in Ooe year. This le yoor growth
rare for orle year.

h coral colony grvvs rno; as it gsz' yore alder it tv y g rove teller.
It.s gravth roc.e ie fram Q to 2 i»ches each year Ze depends vp>n
v!iet kind af «vrouw. tr ia and how good ita envirvrrment ia for
grrOV ill@,I

yo? < estimate the age chf same af the c'.oral specimens wfe have
here 7

Should Livlgig coral' be colleoced. aa readily ag one collects
fl overs, ferns h ar T? v. 8~ Why h oz' vtly»ot

Svme ki»da, ar spec],cs ~ of carals grvv o»1y in rough vo. er;
otbzrr grr>w 0oly in calm wa Ler Then there az'e aorae corals t. ha C
prov iri both areas, bvC 1oak dif terent They reepvn8  o the
force at t.he: wgevee by graving Io d.ifferent ways, These varia  [vn.e

what kited af a grovth form da yon  hiL>k a coral vould hntlve if it
grew in ~rou h seer? Whet hind of growth form oui d chis hind vf
cvz'al lieve if it vere grmfrig in calm vater7

yc?Lg divide the c],aggroom carals t»to e "rough va er" groop
end a "calm va er' graop l
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BuBBeetfnt Procedures.

Thhs lessan e tttld passlbly begin by finding the 8tlrderrte ' grawtt;
doting. this ~Bae t year, v.",in@ their health records sa a data svitx'ce Talk
about vsriatians irt rates lrvm perean Lv person and i've year Ca year v,l tll
terminal growth far hum B»s in the laCe teens.

The» the cancept of caral growth cauld be inLrcduct,d. Trt the rasf.
cora!q, gravtht $8 by adding new palyps nota aid sect ians af skvle tho rtrther
than by our human made Of internal expansive, Also, carats fiave na termi-
nal a8e. They may keep grodrirrg, far centvries unt.il c.evminated by dieasLer
QY eotvirvrlrqeocal de f icieoay ar preaSBBre.

1. Pf rh,ipse by CampirtOg the Calleeeing O~ t.'tlat'ala aa apposed La the CV'�
1eeLing of f Iowersh f te, the student< vill see t!>e need far cvnsh-.rva-
tiv» t>F living cvril s.

Stvdeor.e may be able ta thin'k af Brar at.fan in groltrr.b Farm in athvr
th rtgs. than central, e.g. t Tees shaped by the vin3 Any ather examples'!
Do ~oo>ta acquirc dtffereut Brvurh forau; bern aa oteu> ttnneeorel
creatures"

2, S udents may have their vlrfo ad!ectivcs ~ or even "b~ttly I arrguagt.", rhat.
may bf. eveo mare expressive, tv tleecribe coral gx'avth tares.'

tl><ek, ket br~no:hes; sr icky, sturdy appearance; svwe:
may be giabolar.

-In rvvph water;

� Trt cairo wet er thin, delicate branches; grace f ul, extended, "tall"
.cope aran.p B'-.

-J, tat.-rappr d. Cable farms pfLen gralttf wear the se,< sltr face.

Af ter d.lv f tlirtp the ir f vrals, inta r.lie twc grvvpe, same stvdtaoc.s may be
EntereSLed in r.rying. ta f L»c3 the rrameS Of Samfe kiTPd.; af carat, 'r'113m
may be diEffculL in SVme eaSeS ber;atree, aS mr..»tiartedh grVBPt'-B farms Can
cavSe one spec les La be ver'y chang> able: fram place Ca place, i!vBd'ever,
the praccss of laaking fclr and tlrttjirtp, same n;ttttes is instrvc tive. Svcnv
of I,l>e c.ammo@ names in parttev.Par are very descript ive af t.he evz'al 's
g.t.rucLurer 1,'. g "stagbtarrt carel" aed "brain cvx'al ."

Bac~kzour>8 leforeation.

Decider the eolitary euahrooe coral, ~Pon la, illustrated tn Problee i,
a f ca a f the mare prominent me>bere af RaBra tao reef carala are shvBdrt below.

Typee of marais which make up  he Hawaiian reefs number  tx t.he hun-
dx'ediS The studt.'rtt.e will enjoy laaking aC pictures vf some at them irt baaks
abta ined J o t he I ibz a ry
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F a rite a  Po-write � ec z!

A elaney caral having tiny, «lvgejy
crowd,cd., piCS en. mggsive, rounded
fprmat tane.

~Di loria  brain coral!

Rmmded heads Cadenced by serpentine
g.rnaves.

 

A Einely branched atones coral.
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Pro blem. 5 CHERUBICAL CQHPOSITIQN OF CORAL SKEJ.Fg6NS MNDS 2, 3

'thats f»vestigation corisfders the nature of a  .nZal skel '.ton and the
source af the mineral material of which ft is canst ftuted.

The tirst tw'a questioo8 in ttie box below should fall within the abfl4ty
range of RANV 2 children. The third ard. fourth queRtiooe g.te morc diff fcult
and requfre a lo8ic which perhaps only the older elementary students carl
handle %l.e «r hezfstry" irrvalved presupposes that Cbe stvle~ts have com-
pleted the sea shell les8on in which they tested the effect of vfnegar on
calcfum carbonate, It also draws upon fnfaraettoA l.earherJ. l~i  hr. J.essoo,
Sea Water.

Haterh ~l,s.

F~r q «es t lone l and

� ~~?-nba' P%' 8hrrdZ'4 Gk8ie'..Bid 8r eX.8 w BYE''8 circe vt7 L78i'c

Far the la8C question;

� Q7:' tc 'Ii<F9'Ur
-P~nr. bur,. f' .8ard, .'~'~~if~ C~~:e ~S -z a+i. k,~r b"q, k.~Card rh
-M'e eo

-Sevem' g.'C88 ~'hara ei pi r-ei~L- cups re .~+='na 2iqgirfs

I
,Proble~,

TS a Coral skeleton fne.fde the living Coral Or Outsfdet What about
your skeleton? the 8»a fl skeleton? other skeletons?

kfnde vE animal.8 have skeletons' Are all skeletons made o 
the same material? Can you. find. 80~ skeletvL~8  v test?

De yvu think coral skeleton ie made nf the came ma erfal ae a sea
shell'? two yvu ttifnk vf a ray ta test you.r idee?

Where do you thfnk coral gets the material ta make fthm skel.et'»?

Su. esteR Prvcedures

lo, a'e:sponse to queetfons l and 2 the students may have many ideas
regarding kfnde ~F ar fma18 vtifch have skeie:tvns ~ what skr. ]stone are made

and whether they are fnefde or outside the animal.

lr tea'nal skeletons ere possessed by vertebrates  ffeh, frogs, anakeg,
turtles, birds, and mammatus, iorludlng dog8, ghraf lee, a»d ua.! The excep-

aZe 8harks and. rays whose skeletons are made entirely af cartflage
such ae tbet which gives form to our eaZ8, 'I' irt]e8, in addi  ioo to an
interne> @kale oa, have a shell which fs a growth af the enimel's backhouse
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end rib cage. wi .h a cover of 1 Lvf»g skin. All  hase animals have Lime:st,one
as a sm~il l part af thr Lr bv»es. Probably «» l y aid, dried bvnes in vhfch
cart.ilage and bLvo<l vessels have completely decmapaged vill react tv  lie
vioegA.L test.

external skeletvLis;> t'e possessed by srthrapode  insecrs, crustaceans!
and many sea animn.l s sech ae diaiartg, sea urthios ~ sea shells y corals ~ «a I
ct.hers, Same af t.hesc are nearly pure llzegtane, such as t tie storey reef
i'.i>rais. Others have 1 mesrane as. patt of a haroy-type skeletan sazcwhaL
sicailax' t a f ingernails. 5l1ck coral has a she'l etan of prvtcln material
related ta the Lype which constl ul.e8 human, hair,

tar;> le get the morerials tv make rhett skeletans
ta hypathes !re about, Thev racy have id.eas Ear
tarry aut ar they may vish ta refer ra encyrlv-
per f area thv in'l laving demvn.scratian,.

goestto» 4 an where
gives stUdents svme hing
tes  s  hey walsld 1 fke ta
p edias. Yau may w LS 4 C 0

Demonstration af hav carale may be ahle ta gal. calid vhite calr Lv D
carbvh~al.e fram. clear sea wa4er . The rat Lani]e for the deinorisl.rat.ian gaes
3omething Like. �is:

Prcvlavg. c.ests  sea shell lesson! have sh~> that sea shr lls, bl ank-
ba JtrJ chalk, Havaf iao beich sand, end cora J. skeletons f Izz [» vi»egar,
indicating t.hat all of these abjevts are probably mande af the same:  vpe nf
eliemiasl material  caI  ive carbonate!.

t,arai planulae, vhirh are nearly  ransparent, Land, on e surface Lri
nearly transpare»l, gee weter andi g~a3«ally build  bem8e'Ives a skr lel.vA aF
den."e gelid white stuf f  i alcium carbonat .! Where da these r:lear trans-
parent carals Liv ivy io clear wat '.r gee. the solid wh i  e stuf f f or t 4 '4 r
skrleto»s, and get it in shuffie:fest quantL y  a build entix'e: reefs' Zt
seems t.hat they mus  ger it out Df ttLe clear sea wats.r, Tn. the lesson vie
se:a ~n. .er we noted that the or.ea.n.s contain mn.»y mineral sa J. ts Assuming
that see water ooarsins the raw ma et Cols out af vlii<.h c'.alcivni carbo»ate can
be cn~sde, een the carals get the calciora aaz'bo»ate orat cf. I,tie vater~

or might extract c.ale.ium carhanate fram er a prater What v . +311 demanstrar.e.
is thar materials f or unky ng calcium cat'banate can cr.! 8 . as clear ltd«ii!
fram vhich solid. vhite stutf can be extracted.

Far quest.ion 3, the students <1 1 1 need  v recall their  est made on
sea sh 'lie iieing vinegar, Repeating that test here by p«tting vioegJf 9» a
sml 1 piece af aaz'al should recall the canc.lusLa» t.hat coral Ls made aE the
sam  vl>i re chalky e tuf f which canstitutee sea shells aiic] Hsvaiien. beach shad
  c ale ium c arb v«~1 C e ! ~
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Procedures-in-Brief,

Nix oae cup white vi»egar wlCh either tm teaepaons fine white Hawsiian
beach sa»8 or vith a»e 8tic.k af blackboard chalk Let flzr. for ane or
tva lathers. Der act and save the clear liqv d ~

2. ia. anather container, miz, pne cup tap water with 8everal teaspovee bak-
ing coda. Stir f ram t foe ta time far abaft lQ or 15 minute». Let
eet J.e vntiK liquid i» clear. Decant and, eave the clear liqnid.

3. Corabi»e the Lwe clear liqvid». Note the vhitr cLo«ding vhich vill
gradually precipf ta te,

4. Dry the precipitate by evaparat.ion. ar law oven heat.,

5. Tee t. the vhf te Free'.ipitatr w$ th vi»egar ta shaw whether ar nat ! t
calcium earbanate.

F x'oc.edur ee-in-Deta i l,,

L.. Mix one cup wi>ite vinegar vith e fm teaepaane fine Hawaiian beach sand
cr wi h o»e piece of blackboard chalk. Very fine sand. and chalk pre=
sent much re8cti»g. surface area to  he vinegar 8olutian. Sufficient
react <an accure ln o»e ar two hours ta put snf ficient calcium ions Inta
salution. Preparat fan vf thie solurioa caold. be dane an a previaee
day, <f' desired,

Four vff a.nd eave  he clear liquid The dz'ega af sard or chalk may be
di»carded.

This lfnqld represents the clear-laU'ki«g sea which, like th3z clear
J.iquid ~ contains lans vhich can be recaneti uted i»to vrhite calcium
carbanate,

In ariather cvntsiner, mix v»e cup tap prater ard sevarai teaspoons bak-
ing soda, Stir fram time ta time for 10 to l5 mfnutee. l,et. settle,
ppvr af f and seve the clear l ivqid whiet> is a ealut fan af sad!vm hiear-
bcaat e

3. Gvmb inc the two c 1 ear 1 iqo i d s, Mis mix in,g p rac ee.s z'ep r e»ents t he
carel polyp naming in coatee.t with and reaction,g with sea water.

If the mtxtLLre dace not became cl0«dy, add. more sadium biearbanete
sat.ution nnt. jl it dace.. Let. stand nnt< 1 the whi e precipita e settles.

The white precipitatr rest.fnR at the bottom af tile clear llqvhd repre-
sent.8 the white carel skeleton laid dawn by the coral polyp,

4. To  est whether gati! 8 precipitate, thee "skeleta»," ie calcium caz'borate,
pood aff a»8 discard  he liquid.. Dry the preclp1taee either by evapora-
tion Ur by aven dryiep.. Test f  vith vinegar ta see lf it. givee a
f f zzing rear.tion typ Leal af calcium carbonate.
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In pc tii.rin< i>>; his d marIs r;it Tun fax the studL'Cb ,, yoL  might da vnly
Lt  ; 'lie c chc19 a'lte l e  LI11 n I' '1 g«re cut v iai i ' !Ical,.pe ning and vll1c1'L 92 he 92 iq  id 9
represcnte »r

Yvu m l ylbt expla ia ciI .'.I i Cep <tref Ully as y !n go alanp; ar

Yih«r av  ;ish tc cl I «'. I che st�dcnts to do the demo»st ta1io» fax tbem-
. elves, varking I» .;ri 9I1 roups and l >ter discusein3; tl>eir findings 2nd
c'arir 92 ill ian9,

BANDs 2, 3pri!b! em 6 COHAI. !.l.'.~li~

lhi9 PYablet. decl!::. b. I Ch ma99, Valnoi, .7Cb ! deriSity  ht. Ci>C.F19.

~ate r ia. is,

Y~' ';Pr,7e: ~: g" '~ 'r r . » . ' tl ci', t P -.Ve . K,ir'. 9, '�l ~  t ..'wi'P, ~ .i'P '

I
9" ' !-' '."! "6 ' C'. ~~ w rZ'' '3 ! '. i' Jli' P ',t7e78

� ! ' ' ct"' I"'-' ~ ''~' ' ' e' c '' e''r'' ' 7 t,tr  'r  t i "Vp' c.i't ~ !'~ J r' b p'!~ 4 C-'t'ai " " ic2 l

�..:.it ''t'.t'tr. r g e t" re '',': t4<'. 8 !tP . t. t r c r' y,'Pt7 e'At',te rert rtcebI S' J t 4

I I
 lee lie 9e lecta .' ir in rrrid adpat4d. as  .lass need !»dirates and.
acccr c: »g to 9vail2bi» k I »il e a f cara ' spec.faerie and p i .eL Yes!

PYablems;

Examine yaur Ih I ec:e of rara i skeleton. Mhcri' wo«ld the pul yp9 live
li r.lIb' coral vct4 a I l ve?

co Ya.ls are tre l .»1t.c. animals, A f ev ere svl! ii s.ry. 'i'hi .h kt»d
af 2Vrel.  Iu '~l'Ill haVe. Rl'. I -II kind. da you lIehre piCt�YCS

Mcasur< r  be 9 inc at vanr  .oral spec im  r1�, Whet shavlcl yoL  meesurL'
t ! yet the size,

Zs t' he 5/ppe9t carel the ane with  hb'. greatest valvme? What
i 9 vali mc t Ilia abri yau crit, a sit Ye valL mc?

Te rhe bibb st .-.eeet the v»e which weel it.' the etc e'.c 1lvw cevtti
yi>bi Veiz,h yVUY raYA

].", rhe bigpcsr. i ar91 the ane: +hi .h has the mast pa~ls~ Si»ee
vanr  : irnl 9>ecimcn I  lead, ha@ can yov c.aunt thi,. pcil ype?
 ro«Y t the haiib~!

 Caii 'r! On aeXt page!

YvLr mlptbr do -hc sl; ~w I arel .99 a. mvst ery mtagic' shaw. Lct them Rl.er«99
!  , 'fhen da the;;IIow np.i tc n, this t imc w$ th their ave e»c3 yo»r explanative ;
irISCYt CrJ;sr 27  I; et .'p; at
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Problems:  av4t'd!

Some cotalgL have a fev polyye spread aut aver l ats af space, Ocher
 orals have lots of polyp' crowded together in a aca8.] 1 area, like
peapl» 11Vtrlg fn apartmun  hO ised. in citleS, The amount vf Ctvtgded-
a.ebs ia called. I.tie 4ea8itg. Your CeaCher vilE shvv yatg hov Ca mea-
eorc the density af palyps ho yaor coral iE yau cannot Eigvre out
how to da it yoursulE,

Laak at thi spec.fmeo ar pictur» af a brain coral, Rov cauld yau
meaevre the rdumber or deaSity af polyp' 3~ it~

Same gaea weeds have ekeletoae made af  he same hard, wh< t e ~ ataney

think yau cauld. t ll the difference beCveen a sea weed skeleton
 coral J t»e algae! arid a r '<1 coral skele vn't

sv*

One vav to sts r  this class is ta ILsve the student.t.d exacuirie the collec-
tion at cvre,l skeletons and pictures, The quest Eve. af whether they ere
deg.1 in.g with one coral ~ Vr lstcgre than an@ ~ 3 S hard ta anent '.r l.et the stu-
dents discose l , Remind them of I.t>e.ir play dough mdels. There was arse
pol yp per cup. If you puc. al 1 the cope.  vgeeher, there whee many. But with
play dough "t issue" connecting all tile palype, where did ane ind.fvidua J
start, and another end~ Ls this really net Cher "one" nor "many" ? Laak up
the meaniclg of t tie vard colonial,

~t'un le ls a solttary coral bees se dt has vr>ly one large polyp ill a
mouth in the center and re~tacles reachL~ig aot along  he ridges radiating
fram the c.-ea .er Mast coral a.peeimena in the times are probebly  .o'lcpnial
having had interconnecting, polype, ane polyp per "hale",

~IIel ht can he deterodoed by acing a scale  bsthrooa, baby, eall!,

An aery way ea do densECy fs ta cut aut Sq«ares  e.g.. O»e square centi-
meeer or ane eqoaz' '. inch! af aluminum fail. Press the square auto d par tfan
af the caecal Co obtain an ],mpreg.'sian af the po'lyps. Repr.sc several times,
u8488 dif f erent eqoax'es aa dif Eerent sea .t epos af the c gral. Gaunt th» Aura-
ber af pal.yp impressions per square and tak» the average. Density the
average number af palyp9 per square onl , RAND 3 students can camputg t.heir
ovri averages and Cnepare the densftteS af differerl  types af coral.s,

The stodcnt.r. may have mhany ideas. vri hcgv ta measure. vOL tLme. Same b'av
remember V' - lerlg,th x widt.h x height. Anothcz' wav that is cvmrno~gly used when
dealing with objr..res af unu.sual shape 3s Ca g,et the "d.tsplacement volume,"
Fill s bu 'kee ar tub op ta the very brim vich water. Set it in a pan, t.hen
immerse the coral ekeletau. The skele ton will disp! gg.e the same volume nf
vacez' as ite own valomc. So, the overflow water f s caught <old e.an. be mea-
sored with a measvriog cup, quart. $g.r ~ etc..
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In a brain coral, palyps are local.ed in, a meandering uvalley." ft ie
if the mouth of a large palyp hsrJ. been s retched nut along and inside

the va|ley.  Have t tie student s pert their fingers inside their mau hs and
stretch them fr xm side to side.! Fvrtberxoore, each polyp mautti [aine ar
fusee with fta neighbor's mouth- One. scteatist Rescribee a brain coxpl ta be
"lik< cine cant ieexaos polyp with IxIany mauthS along  he groove," It is fmpoa-
zitile ta 6ecide hUw many palyps tbere are fram J~at seeing, the skeleton.
Indeed, it wovld be hard ta dec / rle even t f we had the living apecixIIcn,
Although there are separa, e mouths, the polyp staxoaehs are in contact; If
one lllou.th ge.te some faxId, it cod.s vp being, sharers by othex' palype, 'Yhe
tliatfnc  pn between "ane" and "many" is even harder l.o decide',

SoIiIe coral! ! ne alga< t'esemb3.e enrage skel etaxxs. The far   Chat there f s
nv place fax' polyps indicstee. that the resemblance is eupez'ffcial.  Refer
to Sea Weed lessons f or f nx'ther states with this plant.! Caro.lliae algae
ice importaAt canst i. vtenta ai coral x'eefs.

P rob 1 rm 7 CORAl REEF
savu

This prablexo far npper elexoenta.t'y stndeilts draws cia coxxcl xsicina and
experience gained fram the to?r rance range experiments far  emperatux'e. ~
salinity, axx4 light dane in  he ennoane 3.esevo ~ axxd cn student;ibf 'kity to
r<'-Id maps. 1

later J,a'L s

-NVp a, ~he mr~d, cham"'r g .am."; re8�" +"�'s~r fl~X&n
-A earp.p oaf~".'re ~p of yes ~.~"..arm, oWp;.e. a>~'8et;  see aa~"8 aC

+J".e eve ~I ~xz 59v1i.'!
e >vvhP. r, c'!..~D cia '0', 1R  clFIJ 8A/T .. Ig 0 c crI 8y t;ha - r C,M8 NL m e'.M,L'

.ar'e Oe'.f 8!W'J'. q<DAp aq 8'.>Jet +a
� E&.uPLevecith: A'r.i c'l.PIG'S' ~,ie~rr 8a ~PJ>i 1.I x'8Q<"�.'vr zm I'':.'rr.:. I88 ~8

  ivity:

Recall  tie expex'iments yoex did vf ti sea anemones. H~ did they
respond ta chaixges in temperatu.l e, salb>sty, ilglI, ? Carals are
"caLLsins" tci anemopes arid trave sixo liar reacl. icirIs ta ei!vironxoexI S1
changes except that ccirala ax'e much more sensl ive. Cvx'ala can
stand much lees ctianlxe in  empera nre, satin f ty, and, i ight.

o'l  a  maps af the warld, showing coral reef distrlb«tfan. Cse
u. explain t.liis disc ribextian~

e an outline map af your ieland which shams coastline ancl rivere.
edict eitiere fn y~vr islaTIJ waters  '.nrals might live, Nark ttieee
aceS an the reap with 8cits or Small z. S ar shad,inIx.
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Activity:  cont'd!

Where aTeund your talind might COTale aat be able to live?

Regarding temperature, in which plaCea m.ight the waters be too
cool ~ tao warms

Regarding light, in which places sL'LghC. the waters be tao dark't
tao brig' t 7

Regarding. aalinity, in which places might. the wats.rs be tao
dilute? Laak ou the map @bere fresh vates' etTeams empty into
the ocean. Mould thie affect g,ravtb af a c.oral ree<? Hovl
Why 7

Now 1OOk at a printed map of yaV.r island vhich izbdicaees off ehoTe
4epebs of vater aad marks af vhere the reef ia. Hav do your pradic-
tionS pf vhere the reef might grav compare vith vbere the commex'Ctrl
map shows that they actually are? Notice where the reefs are vider
oT tlarraver. Laak far places Srouad the f61ard where there is nO
reef and whete deep vater comes claee to shore,

If your predictions of vhere car'al could gx'w' match up wt th vhere
the sap ehove. c,he reef really ie, you knov that pau have gueaeed
right about the canditipns vhich Coral can prov in,

If yonT predictions Of where cara3. might grav do nvt agree vith the
Teal map, or vioe verea ~ Can you explain the difference~ If you
canna'. eXph.ai31 why Carals are gTOwing, or Cat growing, in same
p?aces, bear ia mind thee SCientiste al.sa sometimee have difficulty
ezplalnfng, why reef 4oes or does not g Tow in certain epate where
they predict. $t ehauld, ar Should aat. Like the scieutiste, perhaps
you can think about some further reasons to try to explain the
disc repancy,

Fram booka Or an enCyClapedia, find oLLt. whet you can about the
fo1]oving:

Barrier Ree f e. Ato} IB|'ringing Reefs

Which ki& do ve have in Havaii?

Whet e?ee would yau like lo kaaw about coral reef a? Hvar coul
ffud out?

Su ee t ed Proces vI es .

Some direCtions and proc.eduees far thea activity are vaven intO the
students' qeeethms in the box *bove.

The outline map refer'c'ed to le 8 Niarple mimeographed. Outline af wh!ch-
er'et island your scboal ia oa. It might be traced from, a touriet leaflet
map or wherever. It should chaw a simple outline of the caastline, ard
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A naut Lcd] chert  i~4110! fiav he purchaeed, f ar 54. 3B  includ tag. tsx sad
hand,11 cis!, from:

Trsnspacif i c GOmpany
l406 Carbarn Street

Bann lulLL, Hawa j t 96817
Phcme: 841-7538

ot.her sourer s af cpamnercial shorel ioe maps are the Atlas oE E awak1, the
Marion' ht lae af Hevafi, Svf] Caoaervstian Service mspa ~ sod Others you may
f nd in librairos,

~<oo re 11fo Dfsrrfborfoo, Coref reefs tiers Z Vsrfd Vfds -lfferrfilerfOO;
they are located ih the Pacific, I>ldhzri am] Atlanta.he. nnesns. Hawfwer,
because. Of their narrow tvlersace range Ear temperature, eel i nit.y, snd
t3ght, scaoog other fac tarsi they 0:<e Fauod in ocily parts af thea< iiceaos

f vve<l Reef e are not veusElv f outed;

sandy bat.t.vms tao laaee for yi>fmg, cars? tv sf..c I 1e
-in pvllvted areas, including mud snd. alit pal laotian irom sotl f laving

anta the reef  rom sail eras ! av areas
-in f;vn.t fn.uau.ely muddy wa.tera which obscure sunlight
-in areas oE extreme?y strand Cvrrents where pcf1ype can@at se tie 1arfg.

en.avgh ta take ho1d
-in ereae subarea:t ta caid. cu.z'recite which dz'op teorpersturee below the

tolerance level
-ia estuarlee and arese eel.ending out fram river mouths where ealioftv

ts bf.lnv the talerance level far cora]s
� tn tide paols vt><eh are sub]ect ta slide fluctuant'Cane fn light, tempera-

ture, salinity, and. ez'ass currents
� fri places chez'e the reef has been dredged. and. the corsls have nag. vet.

gc'own bac:k

A? though some salitsry aqui ealauial carafe Rraw ta very Cot d polar
water8 ~ reef-building carals are rester tc ted to the area neer the equaccfr,
graving fn eater that gets ea c'nEder than about 70 t' �1 6! Ca Yale caveat
tv].crate continual exposure to fx'esbverer, eo corai reefe are not. fvva4
aeraea river mavthe,

Reef-bifilding cora?s I>cfet, small plaice within  hei r own tiseues face
Beg. Anemone prob] em! Because these plants indeed Eight La phvtcfgyntbeeize,
reef-but! <LtciB eorale dv sot qraw fn depths greater thaci about 1VO feet,

lines ind.leattnB majar rivers Nod streams. The river autlet.a. ta the ocean
give a hint af whex'f'. ~al tnity may Jrvy below the tolerance level af caral,
'Far yaur f:on.vea.ience, ao ouzel!ne map af ashes ~ 4l.ic.h @au can. re~!radar:e, ie an

appended page,
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T es af Reefs. There ate three types of coral reefs Underetendfng
how they vere Earmed has been, and ia, a Caeplex problem. Charles Darwin
prapoaed a theory siig,gesting hav a?l three typee. migtit be related

Frin fn reefe grow right alormide: the eaaat, oEtcn aepet',>ted fram
tlute share only at high tide, 7hese recfe are found around "goons"
is?aade, ance C'hat have been formed»recently" in t.<rms of rhe ap,e
of the vorld. Hawaii ha8 fringing reefs.

As these islaarJa ~ and the acean bottom they arr formecl o», sink
during per'4odie heaving ol t' he earth'e crust., individ«al carals
g,row up vertically tv tbaiataia the reef at the seve Lr vcl Lelative
eo the eel e«r face. In aa Rot»g� they farm d birrier reef .
Eastern Australia. has a great barrieE reef ~

a],tha«gh the exact depth at any specific location depends an t.he clarity af
the v'star. On, the other hand, coral' protect their pleat cells from tao much
light. Ch bright daya i» psrticulsr, the poly@a may be retract 4 within
their carel cups ~ f~?ly expending oddly at night. i	'i~k r.nial, pink coral,
*Ad eygk other Earms which do oat eantaln algal bodies ray grav e  great
deptha if ochet' cooditiana ax'e rigl>C,
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After a very 1png time, arI L81Sad may sink below the sea elirface,
leavin8, anl7 the cvrsl reef, now called an stall, Many atalis do 
the Pacilic Oaeen.

Livin CammuII,f t.ies. Caral reef 8 prov fde a plac.e f or nIa.ny plants and
animals  v live. In fact, Chere are mare kinds af living thinps fovaJ in a
cora] reef Chen in maSt ather marine eaammnitieS,

Aa coral cplaoies grow alder, certain typee. af marine prganisms
 biva J.ve mallvske, aponges,, even same kinds af algae! bare inta the c.-oral
sur face, pradvpkng f inc sand. This sand Ee cemented LII.[n the creeks and
crarlaies aE the riddled coral ekeletans by anathema group of vz'gi~isms, the
cMef ane be3qg encrLLst.iag ted algae. ]$eaause aE th!8 fIspareeot. role iv
the fprmation af cvx'a.l reefs, come ec.ientists wpvld preEer the: terra "algal
reefs"! In SpIIe areas of the reef this terIa, is Ilare acaiirsCe. Red. algae
ate the daIsioant epepiee. af the near-surface ridges and subsuI'face buttressed
that ace  Che acean waves head an. Thus ~ paral reefs farro bulwarks, pr
AaCiirsl Jettiee, Ch8t praeect iSlan4s from the fU.11 farce vf Che acean.
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?.1, SHQRELI:NE LARD PLAHTs

lnt rofjiP.ct fan.

Certain farl' plerdts flaiirie.h ala»g sharelLr1ea and theSe aye likely ta
be encountered by stuclentz durictg field  ri pa ta the beach. It is ~ Pet h-
while ta take z raament during e Reef e»il Sharc: lie'Id trip tv have e laak «c
land planta growl»g r1earby.

Coarse grasr,ea, aedgcs, small wr «Js, and ot.t>er salt-rr slstent plants,
face onto e1>me beach PS., Racky bCarh areas may be devoid  Pf ee1ell ply S

Pboy may' have caca<Pxlt ar athr r t c'ees growl»g clos« ta the eat«r dL edge.
Frequently abeerved i;i eat1dy areas are Beach Mnrrling  ;ivry and Naupalse
shrvbe. A very Eev. af aor sI>oc'ee hevt mangrav«s  'eachirdg in v the shallow
waters.

8EAt:H

MIORNING GLOR

The followi»g, vugg«81 e4 activit.iez and q»est ions +us.t be selected
eCcardirdg te vhateveC vegetal. Ia» is aval table fur' observa lcPo Tapirs
sugg1 &[ed can make far cohversatia» god diecucaiar1 wht.le walking dms e
t i'ail to get. ta a beach or b'av«» ir1ta conversation Rid.ring a break bet.wee»
sessions irc the water, 'Jhe ectivit,ies and f~vea tians a,te not. se  vp in the
customary problem style although they can emily be remade irdta ptab'Lem
s acetaenta far data taking and notebook. report.l»g, if s teacher sa desires.

Phraees ia parentheses. are inde»ded as teacher infutmation anly

~nest lone snd Art t tttee for 01 eervatloo of Phoreltne Plants.

1. Abu<idan ce of IP,CaCh Vegetat iCP»  pere m t age af grovnd caver!

-Ka~ thick ar declae ar close tageth  ' 1a the i gecatian Eram the road
where ve pg.rked our ears dawn t� the beach?
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-llaes the vcgetatian thin av.t, ar get thicker, oe ehenI e in hef ght,;ig
ve app roach ne are r t n the wat e r?

-Daes the veget at im accur in pat ches oe ts f t evenly distributed? 1f
f t. accv.t's in pat che:g ~ oan yan see any rcasvo why this shov.l d be sa?
f,presence oE rocks, shade free trees, trodden pa hwiys ~ windswept
areas, ~ind-pratectecl areas, we  Areas!,

-Does any vegetation g,raw in cracks af roc:ka ar on  op of racks

Es   i@ate cabal. percentage vf the grauTid is cave.red by p l ants  c,g,, I F
abel. 3� of thr gz'bund has plants thfs is 757 c.overagr. !

Lacat io» of Vegetal,ton Relative ta Sharel inc,

-Can we see any vegetal.tian grawlLig in beach sin.d7

� Js the distance from the high tf4e lime ta the vrget:ation the same
ala»g the en.tire beo.oh'? If it i g sametimes closer and svmetfnee
farther +ha  seems ta cause this dif Eet'ence 7  Preseooe af racks,
 t'ees ~ degree af slripe ar eleve.t ion, great.ee inundat IvTi Of water in
same places, etc.!

-Dves .~y grass at other vegctat:lan grow 8avn fez enough to be tauc.had
by thc highest tide wate.rs?

Sail U»de:z' 8n,d Araund 5each Vep,etat ion.

-Laak a   he sand under tbe Zeavee «nd araun.d. the roots cf  be beach
plants. Is the cond under t.he plants a hif f erent. col c>r? texture?

-Can. yau exlilain why, ar vhy nat., it is dif f ere»t?  Fallen leaves and
plant parts gradvally turn  a humus and. mix fifth the: sanA, giving
a darker aoI or and sal J,-like textvz'e. In same areas, brisk winds and
Hhf f ting sands do not permf  the accmavlatian at humvg !

Lea f Text v re s,

� Look at thr  liickness and 9vrf ace textvte of leaves on, beach-gruel.ng
plan s Compare these leaves with hibiscus leaves, f ar example, ar
with leaves cf usher p?ants vtiinh grow fat' inland, Iki they 4ffferi
If so, fn vhst ways, ao l why? �ea.eh plants l,» general have: thicker,
 .ovgher leaves. and rough tcxtisres, They must withsta»d peltfng af
sand and salt part f c] es.!

Treea a» d. T re e Roa t s,

-Da any coconut tre<'8 grow slang &is beech. If sa, which way da their
tr«nks bend.? toward the sea ~ ar tawar3 the faun amos, ar iri many
dire: c c i on 9?

� Net other  rees gras< in Che area!  These may include a varie y vf
kinds, Frequently f OLLnd near shorelines az'e lranvaad p Alg+Yoha,

-Look for evfd«ee of the height ta which the highes  t abdal waters
reach. 'this is the ] !ah Tide Lfne or High Tide Mark. Haw lar  meters,
feet! is it from the high  ide mark tv where the vegan.ition begins?
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Pandmlvs, gea Grape, iF'aEee Kamanf, llsv. See erry book Oi> ls larid trees
for ideritificatian.!

-Look far evldeciee af vial. effecte orr the: direction. of grvw h ef the
t ree branches. Laak f ar d.i f f e<etices in the hekgli s of trees at dif-
ferent distances Lz rm the beach. Can yao eee any reascm for  heir
rliffererie sizes~  blind and va  &C aI feats! ~

-I.oak far tre.r s growing»eaz ehe waterline, hre they growing vri dred
g rawcirl? Da «n.y of them get splasherJ by t.he water ar. h.l gh t.f de How
can yao ee11"

-If any t.rees have expvserJ. roots, why da yov.  bink the roots ar '
ercpesec]'7 Did t.hey g,row that way? I!f <1 the sand ge t ~a~bed avay and
leeve them cxpvsea~  'Se llutter ia nearly always the case r xcept for
'Naacp rave !

-Da yao thirik it her s a tree t.o have exposed rcioes~  Ze dor s, oxcart
Cha . swch t.rees LLsoally adapt by us i»g, remefning un''xpOeed raata f ar
anchorage and, wa  'x' absorption. Zf the rov  system becomes c<>  I rely
«n.3errrii»e4 by eroding waves y t,ho   <ee:g.1ls dawn. The. except fan fa
the mangrove whf cti »vzm~lly grow in rat.r r aTLd produces stilted <<indies.!

6, Beach Morn lr~g  .1ory.

A ve.z'y a~<i» 1 y encoun tered beach plant. in Ilcivaii ia Beach Flaming
Glary which sends vol, Long rvariers aver the sand «wrJ. pr ts forth morn-
I»g g 1 ary s!nped f lovers of a dus y p I CLk aal or. The buds a r '. Ixoiaeed
and twist.ed, The < J,ose<l Flowers are turnr.d in riyal themselves in a.
z l!LL&l shape . The t.wa-p art c apsu Le err trains brawn seeds

-l.oak a'! ong the beach f ar the Bear h Raraing Glory vine, louie:s it have
open f Lancers, VtLat. t foe is it? Is this r  -il 1 y .a earn~in glar> ~

-Vha  cvlax' are the flowers? Vhe  shape t ~any the f lawers wh i i h are
c?oaed, can you  cll which ore buds nat. ye  vpi,'.cied, and which are vlrJ
f I~i,.ra t ti;>t h;ave c. lied~

-Cari you Efnd any seed eapsvies? What color and i»Liber af seeds are
Lna J.de ',

-lvok ar. t.he shape aE ehe leaves, 't1ie sr:ientific name 'fvr be>i:h coarn-

named far  he shape of t.he leeves. Pv yoii agree that this
apprapriace name~ War. shal!e is a goat s tao ~

� ftpes the vine af coazn!ng glcizv branch or is each virie ane single lcicig
i>av long  raeters, feet! 18. the longest stem yon can find'

� Ills fs the vine rov ed, $ n the sand' Pull u}i one of the root.s, if yaii
can! Kvvr 1veg, f e the ruat ~ Zs lr. a single raat. ar bra»cbf cia? Thick
or thin"

-Beach mvrnis>g, glary vince were same ' mes used io aor J. '.wr. tlawaii for
food. Try a pit.c ',

-Beech morning glary viriea were svmeitmies used in ance @<i  llacrafi far
ear<i;tee, What ia cordage? PiiE1 up one long maiming g?ory vine
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OYganire a tug <if war ta t.eSC the strength of the v3.n,e, How would
yau camps.Ye its strengtll with that of other cox'88 of you.r acquain-
tance?  The suggeetiar. is ta pu.]t. up one z'aot and da a  ng vf ~«r
vith age vine, Reach mez'A!»g glary 18 6<iEficfently abundant eo aElay
any fears af extutziaaeiog the species. On t,l>e. other hard, there Js
nU weed far a plies ta tear up n. whale brach. !

Naupaka.

Naopaka is a bYaken-hearted maiden fprever seperaeed fry her lover,
She has blaesams whicll Laak like ha! f EEavers, In the mauor a,lL~k
another uaupaka grows. He. alen has a bz'oker heart and, i similar
half- f ]aver.

 Naupaka, 5caeyala Zobelka, is an exceedingly hardy beach shrub f punt
chiefly on our windw<zii shares, 'l;he balf f lese Ya are actually cot< re
flowers, Zf the c:lase. has alzeady had « lesaan an flower parts, have
t.hna ermine the fl~ezs minutely   o nate that each flawer ppasesses
all the parts needed for «carnpIete El.vwer, inc.iud.ir>g I ive petals
typ$ ca! oE a df ca  p 1m'. The sp3,3 t on an  "5 ate af the carp J.le pro-
duces «» appearance af be.iag, a half f Jeer !

BEAcH l4AUPA

-Leak at the»aupska bushes, an the beach aud ree if they sci7ll  v be
hardy aud well-roasted. Sec ] f yau agr e with the tax books which say
that naup«ka. bushes alt.h& t.bad strong winds, drivl»g, eand, ecprchl»g
sue, that they rapt themselves io the a«ad and hald t.he beach fran
erosiaa, gran fnR where li te le else c.-an be nede t v p,rov.

-Examine the Ele shy leaves af naup8ka. Laak f or tu.f t.s at hat z at the
bas e.

-Lpak for white fruited Where aa the bush are' the white fruit.s fovad?
What are they like inside?
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-There are man.y 4.different versfau,s af the story above the ueupaka
firmer, hl1 the storfce seem ca agree that the halE-f lover of th»
beach naLIpaka is a broken-hear.ted. maiden and that th» si~h lay halE-
flower of the maontain uaupaka ig her broken-hearted lover. One
story says t.he lovers vere separated by the Jealous goddess Pele.
A>other story says the Toaiden hereelf tare t.he fl.ower in two, dr elat-
ing that her lovey meet bring her a vhn]e f lover before she vciiild
marry him, iie ms never able t.a f  nd the whale f lover She had tarn
every au.e Ru hal .

Rake up your ovn st.vzy nf ha@ the two lovers are represented at. the
beach and I n the manntafue by t.wo hal f-f lovers.

Reach-side C'raises and Sedges,

 Host o  the tough graesee which trav close l.a the aharelfue are
actua3.ly seduces, a group c.losely re],ated. ta the grass  s- 'yhe tvn
groLps can be distingue.ished by the shape af the e.tee. Grasses trave
raucid etcme, usvally hollav. Sedge'I have anpolar, xisoai ly triaugular,
stems vhic.h are elvays 803.4<3 ~ !

CROSS -S EC. T I QN PF
sED6E sTEv

CR05S-SECTLON OF
GRASS sTEM
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-Examine the grasses graving close to the sharelioe Are the.y
same kjnde vhich grow cm ybvT ls~ at. home'7 Seashore prassp>
efeeo much tougher-leaved thm lavn graSSee. Is t.her true of
you az'e looking .st?

-|.oak e.apefLLlly ~c the stems. If the stems are ro~nd, you,i~a
gt GRASS. J t the st.AS sre triangular  vt' square! and solid,
laakfa,g et a plan.t c.allied SEDGE.

t tiP.

VVe
these

looking
yoo
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12, sEA wEEDs

Int rodttcclvA,

A?gae ~ ot' Lieu in Rswaiiaa, are: the plartta of che world'e watere.
AJ.gee f� 1 an fmpartsrtt niche  n the faad chain; of the sea, They provide a
rich nucrfeat base far anfotals frara avoplanktan to maTt

BAWD l chilrJ.rerd. can ertgage io the observational pertfone. af the pz'cp-
bleme fn thie ccpfc Upper elemetttary ch3 ldreo csa da a cvepetent jab with
aca weerJ preeeinp. and motivating, Everyaoe euj ay8 the cating. part. '-

BANDS l, 2 ~ 3Prablem l, GE;IbRA'I. FIELD OBSERVATZQ58

apea, siaeg, galore, and kinds of aes weeds gruw t n. tide paula I
reef flsts7

r thase which f?oat a~d chase which are attached. Her are:
chem atria.shed and to what~

ey gtaPPPittg io deep vater, Shailm water, ottt of water? Da sea
grav fn clttmps t in patches~ Are they fairly evenly diatrf-

Vhere do they not grcrw~

animals seem ta be making ttee of gea veedT What use?

S~u esCed Procedures.

When prepariog 8tu.d.ettte far Che sea weed. partfan of e f i.el' Crfp, ga
over the qcteetfana abave regardin8 things far which they shattId be au the
alert.

Ac the beach, if sttldents need, still Ettrther hc.lp itt makfn8, abeerve-
tiarde, yatl might weave queetfane eimflar ta the fallawing into the caeverss-
tian as needed:

-Khan. sea veede da yotl find f laatiap.? Attached c u rocks'7 Ta ather
objects

-Are eua weeds a11 aver the teef ar ar.ly in some places t

'these general f ield abs et'vg.t fane af sea wee dg can, take
af sa Extended Vie?4 7rip, requirfng ll.t tie maTe than 10 co
che: eat f z'e field trip agt.oda. An. alternate idea fs Cn pisa
trip devvt.E'd eclti rely ca Limtl, lncltld<Ttg abservatiaue a8 t~l
2 and eea weed pretssihg 88 in Prablem 3,

tip a small Edict
20 otfevtes aE

s specif I c Ete 1 d
Problems 1 sod
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-Are they cvmylete 1 y covered vith water~ Iki game af ther' stick orat of
 he. Mat.et'~ Are any abave the water at 1nw tide 7

-f'eel them. Are they st. I f f? lilop? s lippery t  AL 3. of tl~ege!

-Da they have rvvt.g ~ gtems, leaves, f lawyers, seeress ~ 1ike land plants 7
 No!

-I/hat co?are are. they7  Pireea, hrawa, red, othe'' subdued shades!

� What: di   creat kinds da you eel, faz' ezlmple, strfagy kind, thread
kind, leafy kind, etc.  See diagrema and descz'i pitons belav!

-Can yau find any gn.ail' ar other aaiaaais tif ding, ia the f aide at sea
weeds'7  ap l,y g  as, anemane 8 ~ azaphi pa dB y melly c3thcrs!

-Da yau Eind any Read geo weeds along the high tide mark aa the beach'7
liow are they diEf creat trcaa t.he living sea veede fn the water'~  Dried!

-What use, iE eny, rJ'.a yoii thfnk sea verde az'e t'o reef animale7  Foad,
shelter!

Thet'e reed be ao special repart an these abservatians, r xccPL pet'i>gpg
an oral ane, eface t.he prezg iclg aeJ mauntfng ac.t fvity bel~ vi11 provide
appartoah ty to make detailed reparts,

KANSAS 1, 2, 3Prablem 2. SEA WEf,U S1'RULTVRE

The porpvse vf I his activity ie to ecqvsint students with evrae af the
physical characterfstfcs af a few tamman see veede. Thug aeqimfntaace
serves Lva purposes;  l! Tt gives the studcntg a. working. vocabulary a<>d
reevgni tt aa af the mac t caazaoa lacal sea veeds. If they get. na Fi~r ther
thea thfs y Lhe exercise fs varthwhile. �! This baSe 1fne af fafartaat fan
g4veg a handhold aa going inta the literature far identifieeCia~ and dfs-
cLLssicm af further ape.ei eg

ps aflak gtrvetures da sea weeds have.

PrOeedvreg

Suggegtf~ 81. Plea a special field trip far the clang tn a share area
rich fa lfmu, At the beach, arrange students ia warkiag greisps along
the share. Bring pone, ootebaaks, pencf J.s, diagreras, and have t.he.
gcgdeatg fn each group examine the eea weeds io their sect fon. af
acean. Usc the navies helcw to gafde their pbgervetian.s.

SUggeRtfon HZ. Gather cammUa, sea weeds at e chare ll»e aed bring them back
tv evhval $n buckete of sea watez' vx' 1n. 1imu bags. In the. tlasgeaaaa,
f lost a variety af lid irl pmg of sea water, vne paid tn each group af
g.ted.epcg Knave the students lvvk, f eel, teste, smell, and learn what
they can abooL the specimen.e beEore them,
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The tall~ t»g, vacebulary, il}~tzatfons, labels, and cacaments oah be
»sed ta he Lp t, he stiiden ts t.o examine t.he tansy. o~nn species of sea wee4e.
colieote<l on mast Hawat J;in r ee fs.

HOLDFAST; The. et ructorr by ~!rich a sea vee4 attaches itself to the sub-
~trntiia. The holrJt.1st looks llkc'. a raae but it Inca nat absorb ~1ter
or nauru.sbment far the plant as roots do, Have students compare roots
an<1 hnldfasts.

SUBSTRAl' Iv. Any ra-k, vtgl, shell, or tinr4 suri ace 0a, which a sea wee8
 nr anything elec! can tiaJ anchorage.

4TTPlt: The' sLc'.m- like part of a sea weed, St; ipes, samet.ime8 palled stems,
<ln not contain v;inc«lar bnndlr s foe the fins< of <sp as land plant
stems do,

5LN!tl or THALLUS, Leaf � like flat.ceaed. partians of the sea weed. Also
sara et iD<'p gal l ed f rands or "leaves" .

BTADDZR; Scuba jl, ho 1?aw "balloons" at tach@8 to stipe af some sea weeds,

FRUlII.'JG BODIES; Roimded or oval knobs, f rom vtsibZe t o mac t'nsnnpic in
sir~. ~ ahii.h can,t,ale zhe male and f @male reproduce. tve c:ella.

ALCIN;  .;e l st.inaus subst; an.ne in st ecas and b'I ades whict> oozes nut why@ Che
sea weed is pressed. Serves ae a ghee to keep 4ried sea weed. stuck
t;o mount.ing pap> r,

A Few Cacmon Hawse an Sea Ve:ed.e-

Diva rettcnlaLaG r ac i lar E <,"o ronap i f al i a

L1Nl. KANA' ZA, t.l .N � d ark ras t, g. t'eenish;
cylindtli-nl brenches; grms in small
bisshes.

5l tight green; Look8 like a tang,le
af saf t t'tbbons with holes in the
L ill! nns .
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1'Oi] i <is pea vn.l>

l.au.rerfc fa» Ic.l< fic:ahapar~ao. x':: rxxifrrmta

LJM I KAill' � dark <'e;1, brow >, t sn,
holclf ast makes strong, r r eepinp
branr. bee on reef; @ref.t. branf.-'»ea
� Lo 5 ir;elis'.i t.~l'! have. eoit.
fuzzy brarfches,

Hawaii Nature Study Pt'OJ.eel
Reef and Shore

Ear-shaped b 1 eclat vith cv»re@tria
c f relet ie tees and br'vwns,' et.tacbef1
ta svbstzec.r. i» s.wzl; Lunct;< s

LTMU HANK'ONF.'0 - ligb.l green with
0th fz' 1 fght col its mixed fn; <rt.all
"lh<izhes" alt.h matted b;>ees,; much
braTlf.tied at.<ms 2 ta .3 inc.hue t «1 l;
peppery f J.,>nor.

Sarf axxmm arhf am~car xm

LCM; KALA - I;olc3e»-brown color, atf ff
blades l[ke: hol?y leav c wf ch spincy
tee:tll; floating bl.~Llders et. af:lief l to
etipe; fer la stif E and rvvgh A specie'8
with mvCh larger LeaVes ia c.aranvLh in the
ht lant fL. Oci'ar It ElcaL~ to large
bunches n.ear Eermud,a ng.kfrfp, what fs r.alled
flic Eargasso Sea
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Ulvg [;xsc:iata Caliban edule

filfcina

Heysii Nature Stay Frc]ect.
Reef and Shore

tIMU PALAHALAHh, PEA LETTlJCe � bright
lettuce green, flat.tered blames
attached ln bo»ches, feels safe an4
limp.

ErtCeromo~rha ~rolEf era

LII '6LE'ELF � very dark gree~.
eepenia?ly after et.inding; thin,
fine fi3.amenti, like long hair;
firmly attached ta s~ibetraee; feels
a.l ippe ry,

LIMU @ARAB' IOLE � very dark green, ~
farms a clat on the coral, z'vo»i],
breached, t.gabe-lt ke sterna.

LIEU HULUHULUWAENA � d a ek g reen, pur-
ple, blackish; l l»e airy brarichca,
f laCC.coed and branr had ie one plane;

feei' elipyeey
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Ãcrva~teria ~lafiv araaaa

LIM. Ll &PA, DZ CTYV1'A � wavy, p,o 1 den-
vp1ared bladee mich prominent. bz'~
midrib dave the ceatcr vE the
bz'an.ches; grovs <n deeper water bo 
fs samet ilies cast eshvre.

Teacher Ba~ck cvund fafvrmaf fve.

Algae cari lie grouped by diEferfng cx'iteria. 'flic fallowing are gr ivp
names f t'eqif.en.tly encvuntered,

Bls  fms, Eacillarleae Smell, m>e-celled, E gee-floating, algae with circu-
lar vr v her shaped hard covers made cff silica, Dfatcfms E irm an. fmpar-
tant compai~en.t af cele,lL'caus saade.

Phyl.v~i1aakeoa: Snail, free-f lval log. slgee associated vith fz'ee-f laatiag,
rfear-mt ccoscapfc animals. Tag<thee they make up the plaa'ktaa @rhea i h is
the foad base nf life in, the sea.

b J.ve-Green Algae, 'Phylum Cyaavptiyta. Small, bacterie-like, nrfe-celled
plant.e., oftea chein 'd ia filaroea 8, Faund cn, ]aa8 io daarp place@
s1fmy grawths, Frequent ia fresh water, Alaa ia the vvean.a.

Cz'ceo Algae; Pt>y 1 um Chlorvphyt~. Usually grass gree< ~ e. g. Ulva, CaflilLm,
Eat e t'amnrph a.

Calden Algae. Phylum Chtysophyte, llsually ye:Elov-green ar ye 1]nw-brim,
Nat eammvLi io shallav t[aw,iifan waters,

Ttie larger algae. vhfch we usus! 3y ca.ll se.a. ~eeda Dr limu are r:lass ffied
aceardfng  o celnr pigment.s The dlvisi a by colar ]s ant clear cu  Tive
always obvicfus ta the naked eye. 'll>e nReds" are scxmetimee brow'< sh-green
l3'e!< blase of the mt gtiire af v her pigmeats sr< th the rCd piggneat. The. "5<uBafnsn
are vf ea a greenist>-hracrn cr ye llourish-br~i, Exact classification depr.ale
v<i microscopic andfnr chcmlcal, analysis,
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Sr~ Ah.gae' ,Fhylum Fhaeoyhyta. Usually brawn, e.g. Sar8asena, Fades,
DictyaCa.

Red Algae. Phylum RhodophyCa. Ueuaj.ly dark red, bt'~ish-red, greenish-
re8 ~ and eameCimee hardly red at all, e.g, 'Laureacfa, GraeilaI'ia,
Aaparagapsis. Included. in the Rede ere mast. 0E the earalline algae
vhase hard ekeletm.s make a me]or caatribvtim to c,he bv.ilding ai
carel reefs. The Reds concentrate fodine ia comaerciaily recoverable
quaatitiea and contain. agar need eamercielly in IDtiona, pvddings,
and biological lazaret.otiee.

SAND 2, 3Problem 3, SEA WEED H.6RBARI17M

sea weeds.

e of Che kind Df sea veeds you find an the Hevsiian,

Materials.

-ha'A~ bag for,<meh era vse8  ceo ~shrew-m-Mtac'.I far .%agre
ag hoIdirtg bag arr.d c ther ate&,<Ie @cede'd. J

-Large f M ~ mt' sea mtes
-St~,~f' azrdbaa& az other backing aa ewpparf eu5ne~ed maaete .ry paper
-Hovvt",',ng ~er

28gC pR3iW I
-~II, e'v,'t. ~ice.i brmh
-Ã~mpqrr~r... 'a0e of i
-5hrrofA abeazban+ o a h rage
-b'aarde and vsighta
-Z Heats f~.oa 1or. Ia'e'..e

Pracedvres-in � Brief.

3.. CallecC sea weeds ftae shoreline,

2. Keep in wet balding, bag vithouc ceapactinm, thea.

3. Prepare flat pan 0f Rea water rich flat, st if f support ia battae of
pan.

4, Obtain mounCing. paper,

Nmmt.ing sea veede. ie a. preamble Cp their deCeiied study and claaaifi-
cat.Lan, Preparing sea weed mannCe is a "fua" pracess which straits sngoy,
The techniques belaw are a campilation fraa the successful experiences, and
inetmctiane. Df Ne cherry Ka]itm.i and the laCe Dr. Alber't J. Bernatowicz.,
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Select e sr a weed ta be +averted. 4lrite n..~e, date, <' c in lead pencil
in leer right corroder nf paper,

Place mvu»ting paper in pan an evppcirt beard. put eea weed in. pan a»rJ
"float it ant." Cue and this  a farm e sir<gle Ksyer ai fry»ds ~rt! eti-
cai?y arranged.

Lift the snppart board s!ciivly and carefully au  vE the voter bringing
up the mciunted sea. weed witha Lt d.iatu.rbing  he arranger.eri .

Bvild a "sea weed sa»Mich" of newspaper--mvviitei! sea vecd--clot;li cover
� snore newspaper � ariathcr mp«nted sea wi,'e<l � soother clot » ~-<iver--naze
newspapez'--md so on Car many layez's. Pvt a bvarij sod weight vLi  vp

Change the papers and i'lathe ta dix'y aries aiter a few havrs and da I Lv
thereaf t.er unt i l the specimens are completely dry.

Afix a label i» the lowe:r right corrie'

P race dv re s � tri- De t ai l,

Col],er:t see we '.8c desired f or mciunting, Co] l ect a tow;;e«veeda end
collect small. pieces. 1'Eve ar six sma!. lish brancnvs vf d': f Eerent kit>ds
per stu.>tent is enavgh Beginnl»g students invert;ably collect i vv wvch
and ere »nab! e ta couple e the labor for mounting the 1 carpe quand.it i<"

Put the cvllei'.ted sea weeds io a
boldl»g, bag, A hvl dictg bag ca>i be
s hocket ar a plastic bag Better
than ei t.h er of t hes e is a b ag made
vf c:oarse clod li Wet c lvt,h keeps
the sea veeds bath mvtst and covl
vhile permil.t i»8 circula ion oE air.

Lfmu shavld cii>t be crusherJ. dovn into
the bag b«t held lvvsely  as far a
togaed salad!, Tt shavld «lao nat
be kepi. li!n.ger thari necessary
because af vnser. of viltiog ied
dying.

Limu Bag

Prepare n flat pan af sea wet> r,
This may be d i»e either a . the
beach vr back in  lie c'lassraom, A
sec veed pari is any con[,J$ner vith
a flat bottom big enauph ta atcace-
modate a sheec. of + r. 11 paper
vith .@me f irigr. r I ooz lef t a3.1
praLLnd. The large alumici«m dis-
pae ab l e r oes t ing pa» s s old in f vcicl
iicarLcete work veil. I' s» of sea water
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In the battoao af the pan place a
floC, stiEf so@part big enough to
fit under the Q x ll paper. The
eopport can be a sheet af heavy
cardboard which will have to be
replaced after each few uses as it.
becamr s prater lagged Et could be
a pari e of g laa8 vith the edg,es
taped ta pratect fillgels. It
could be a thi» piece of plyboard.
It could be a flat ~etal sheet,

Flat pal af sea water w1 th
euppart baard. Ill bottom.

Instead of using 8ea crater in the
pa~, tap water can be userJ
Hovevcr limv pleat col?s which are
accustomed to salt water tensicm
may rupture in f rash water all.w-
i»8; the plant pigments to spill
out, 1f tap water is u.aed in tt>e
poa ~ vark quickly before tlute c.alar
has had time ta bleed

Take fram the pack one sheet af
4zy, elean mounting paper, Nvunt-
fag, paper call be afficial botany
or herbarium pape< obtainable at
Che stetianere. Almost. as goo4 ia
mimeagra.ph paper or white castro.c-
hion paper or typing paper which
has a f a t. r ly absarbe>l t s u.ri ace
t'ocher than a pnliahed gloSSy coat. YJaentirrg paper with lover right

earner shoviag. studer t initials ~
date, place, an.d eea weed illfar-
matian tv lead pencil

5. Select ane sco weed which gill
occupy  he surface a,rea af the
laouOciog paper, or sec eral smalI
sea veeJe which will fit on ane:

paper

HOve the etudents write their avn initiaLe ax' namle in the lover right
corner of the paper together wit.h date, place, and inFormatian needed
ta be remembere J. about Khe sea weed. Thie spot vill later be covered
by a typecf label.

Place the laaunt ibg paper in Che pan Of vater arl tpp af the 8Vppartihg.
board. Pv< the select.ed ~ea veed fata the voter and "float ft out"
inta a thin extended poeitiam.

e.

 Nate: Strident names or initio?s are iaportaat. A geek. later after
the mounts are dried no vile rememberS which Sea weed belongs ta wtiOal. !

Lrl eea water.,
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Hose. sea weeds y 'e tao foll ance
bunchy  o spread oLLt f La  Remove
svme branches an4 spread out the
remaioing L' L oads vith the f inp.ere
C o b e on ly an@ 1 oy er th i c k,
Arrange tlute speeimeo "artistically"
en that the shape of each part <s
visible.

Work Sn shallow water  o keep the
1 <mid f ram E laat Eng e f f Lhe paper,

Very slowly a»d caretuLLy, 3; if t. the
sulipol'c board ou  iaaf the va er,
c.arrying on t t t.he moon  ir g paper
a»d 1 feo st ill fn tlute position
which it was arranged, 3.tft slowly
 o ~~reve»t diserraog,ement as il.
lifted. Drain the paper well Uee
t.he act tet 'a borsh I.o pissh oot
water droplets f rom between. the
leaves and arrengo f ron8s in pro-
c ise position,

Sea veeds having very st.if f bra»ehee
may bo tt> l»n,ed and arranged oo
mciunting papoz' dtreotly vi hoot
have.[Lg te he floaters io vat.er,

8. PLace a heavy hoard as. a. bot tnt
sixppart in a vc],1 � ventilated
place, vz isse a» old tabLc, On it
put old newspalie C ~ sbau.t t.he t.hick-
gess of one daily Essoe On the
nevspapor pl.ace the vet maun,ted
sea weed. Cover this. vi tlat
CL�TH. It most. he cloth, I t

shou3d also be clue» a»d smooth,
without vent»kles 8q x ll squa 'es

o3d. bed sheet work vel3 ~  If
paper fs used. the lizU. will et1ck
to f t aod the specimen vi 1 l be
spoiled.!

Hawaii Katore Study Pro cot
Reef a»4 Shore

3U.ppart boa  d, moo»t i.ng pap  c ~
and seo veed submerge.d ln pan
and covers.'d by Q inch or tvo
centimeters oi sea wa er.

R appar t. bo e l i' holding noon  I og
pape ' and see ve<'cl being c.art-
fully lif pg ant of water,

Wet mouri  i n.g p.aper and sea wr. ed
3!laced a» several Layers of ilry
nevspapcz' 7'his vill be eavr. r< d
by a dry cloth  no  ~imper tave?! .
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Pn top of the cloth, pJ.ace Ilore
newspaper abon  one sec.tiaa af a
daily paper.

heaw~ weight~J'
� tap boar<iThen another wet manist.ed, sea

creed; � newe pape r

c lath

� maunted sea w»cdThea another cloth;

� newspaper

� man y 8 uc ae e e ive
lay»r~

Mare ocvspaper;

And Bo an for Hldny layered

"Sea Weed SandcciClln

Within a fern hvar' nr halE day af ter set ter g up the "eandvich"  he
nevspapere and clothe can. ba h 8ides af the sea weed a,te vet and need
t a be ch ange d.

Set up another base bog.rd bee ide t.he first "eon.dviah." Itemave th»
layere from the ariginal pil» ~ one layer at a time. Tx'ansfer each eea
weed mount  o v J,eon 4' newepapera anJ cvvex' them with clean dry
clothe ~ mnkiag a nev stack covet'ed by a ~eight. 1'he wet papers and
claths removed fram the ariginal pal» can be epreed aut tv dry, ready
for the next needed change,

The eecand change Co dry paper and clatha may came the fa13.avlng day,
Thex'eaf er Che pile should b» resr.acket vith dry paper urLd c.lathe ance
ar tvice per day oat[1 the mounted sea weeds ax'e aampleteEy dry,

Haw many days are t'equired Ear camp?etc drying rangee. fram twv days
tv a week depending span tempera use, humidity, and venr.ilatiari in the
r0ocD ~

The naturally ocvv t'rL'n8; adhesivee Ln sea weed c:ause the' ] lnlll Lc3
adhere Ca the maoating. papex. as $t 4riea. Na further g,lving ie
req uire d.

10, Have the students pr»pere a 3,abel ta be p?ac»d on eg,c:h mounted page,
See sample Label belpv. A number of blank lahels can be duplicated
end. dietriboted ta the studellte far filling in information arid then
attaching to each mounted sheet in the lover right earner,

On top af t' he topmast layer put
another 'heavy baard ajld, weigh
the whale "sandvic'h" dawn vith
a heavy weight.

IIav ir ia time to clean up
sp il lc d, wat e z', Tace au t ar
retvrri ta the eea unueed sea
weed, and po   aw ay p ane and
suppartinp, boards for anothet'
d ay.

� oevspaper

� c l col h

� mnunt.ed sea weed

csewQp;ape T
~batty board
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Scient. f f ic Name

Common ar Hawalia5. 'Dame' L~~  - LIP

Location and Doser fptivn F4ika 'L0+ap /ger K Ilia tlat L 5f v
Wa.fe.r I.v, tu f S arSpecial Notens

eeks ot law ti'Je.

Name of S u.de»t NLLme IkeWar'Date

At first,  h» live foe the name af a sea weed may have to be left
blank, but on na account shvuld.  he etIidents be let. of' vf chovt.  l J L-
fng fn,  he case of the information aa each label, The names o: the
see weeds can be adds.d as. th»y az'e discovered by reference t.o keys or
f ram f r f rods.

Art twsscin.

Vel1 mnimted pages af see weeds «oLL»«l:88 't 4, a no«cbook nake
fmpressive dfsplay vf whlcti botli students and «ea«her can be pro<>d.

The tact>~1qve Fair mounting sea weed
can be u.eed fa an art project by f fbi»g
t foy bits vf S»a w+c'd to t.he corners, of
statianary or small call fug cards, Cvm-
bfncd. with cnatrh/r!p Sfze envelopes they
make eEegeat note paper, invlt at lanS,
anct c. haiA y vu c n. rc3a

7he %1 1 «s tr.stion to t.he right. mes
printed frara. ari actual coolant.<'d s]i  «'trna»-
Lmpax'Caot. tn svoc.ess fa these delf cate
mauntinge fs ta drain  he pap .z' vety
wel? ~ vs tug  he. n.rtist 's brush to pusii
out all the water fram under aiiJ az'ovid

tlirt speu<mer>;cud,arrange the f ronds fn
the des fred pattern. For beat r»suit.s,
change: the Rty ~evspgper and claths
twice each day and use heavy weig,t> s
L» pre ss t»g,

BANDS i, 2, JPzoblem 4. SEA WZZD RECIPES

This activf ty fuva?ver "having fun eat !»g seg veed " Some edible sea
wezds scca be te.z' fin.adored to us and Ear same we have cult.ivat.ed a teste.

Zn general, sea weeds make a nutrit fonal addftlvTi  .0 tile <H+t 1nc3 carve
«vhdim»L>c. wf Ch f 3 Sti anti other f oods.
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A good vay ta introduce sea veed. as a food Le to select one of the
simple recipes below md have the atudeaL's prepare and eat therm. The atu-
deate might da the preparation themselves, or the teacher' may prefer tc do
the Mark, bringing thc aauces ay faade to schov3. as a treat for the students.,

Limu haynes:

Miso SIvice

Lieu, Treats:

Select an edible sea weed such ae Qgo, Cadinm, ar 6zatelaopia. Wash
and clean, removing,g all aaad and foreign particlee.. Pour boiling
water nvey the cleaned eea reer], Let drain for a  ev minutes. Add
either vinega,t' 88vce ar mfsa sauce. Eat'

Pick only the ten4ereat young green ?eaves of Sargasema, Rash an4
cieae veil. Givea a spicy flavor eaten with raw fish

Other recipes can bc.  outed in Ravaiian cookbaoks. Mr. Ray Rounds. of
Kailua epccializes ia gea weed recipes ueable vith high school aacf adult
c 1 aa gea

A c.lass mother or auntie who fs ekilled with Sea weed may value.teer vz'
be asked ta give I.he class a lesson Oa edible 3.emu.

Another idea, Vj,gft a local market avid aOtfce the varfous typeg
sea vee4 sold ia email plastic cata.idlers ~

Q Cu.p mica
2 Tbap. vinegar
2 Tb & p. 8<isar
4 tsp, KSG

I Tbsp susar
Q tsp. salt
4 cup vfnega,r
Q tap. RSG
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13. sEA wATER

1n t r aduc.t fan.

Classraae iL'>veatigatians ondex  hi e title ere in v Lied. t v bring s  v-
dent atte»t. ! on ta the phys LcaJ charac teristics of sea voter ~ vith special
attentian ta its salinity.

The f irst. fvut' prablems ca»ce:r» the physi cal prapert ir s oE se.a water
ss earrrpare4 qadi th f resh water, Tl>e pu.rpase c E asking f vt' c.amp sr i san.s ie ta
give: the students s base hy vhf ch tD cansf4er the variants properties,
Z3.ementary ch f ldren do not yc'.t hove the skills, rivr L he oeed, for c'.eicv.lat-

ahaalute values f ar density, c;al! cl ty, and ather charac iv r I &  l v8 They
een, hcrwever ~ abtain nv  f i!o-~ about theet th! rig' io relative terms. "Sea
voter tsstr s. selt'i er than f resh va  a '", "Things t low  be    ex' i n aes w~ter
than Jn C~ip water", etc,

I asL- three prvb lame deal with the sali n   ty of sea water. The
1 act tva p rabies,'nr advenced olcneritol y students get ln  n cole v],1r i aos a f
ectoal salioe conte@.t I.n part 8 per thau.sand,

'Hot al 1 the problecna in. this tapic»ee:r3 'be c overed, S~e are speciti-
c:al?y geared tv reyt sin leve ls,

P rvb i em 1 . SENSING 5 KA WATER AND TAP 'RATER  P ritoary! RAVD 1

This iovesc %sation lvr pt L'war!' end pre-prima ry c.hi 1 dree c'.enters an the
charar tez'%sties af sve a~ter campered vl h t ap water and brings up pvl ote

os e f o loess a» rJ. s ppre c ie t. ian,

Vhte rie le

-gaea 'a!. e."

- 7~ w'a~ s~
but L,Rz' '~ m~~ ~i" ~nr-. r. rp 't.9a ksr I <;,'.80, 'dy s rr. ~ sr~ . ' a ~ c'ap 0  '

e '. vier
-$8+py~p9 g p .! Ed c'.;.~ 4 ~' ~r + zi S vz   ai,. gg

The quest I.vna and instroc  love ere writ tr a in,   cps.-her 1 angu.age and
abvfauc;ly oeed "trans 1st l<>n" t o whichever pl' !mary level the children rei~vi re
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Reef and, Shvx'e containers ~ one of sea va.ter and the ot]i
by lopki~o which i~ the eea aad vhfeh i

e betweeo sea water as' tap vatert

ce betveen pep water end, c.ap water~

te between sea voter and tap pro.ter?

Health Note:

Kegardfng the teer.<ng af sea vat.er ~ any sea bracer vhich passes the
health requirements for sw$rhmfng ie probably safe canugll to dfp ane small
finger tn. ta taete e, fev drops. Sea voter abtained fram thr Waikiki
Aqvarima is f il cled f rara mccoy feet dam f.o the reef wd, is practically
eterile pf organisms, Ao added pz'ecavtfan, if desired, is ta baal gaea
voter for about ten mfnwtes the day before Chi~ class, Le  it stand to
cool te ream tempera[ut'e or keep it ln the retriger8tar.

S~u~gested Procedures.

Divide the pE fmsry children inta graupel oF three ar fvui' children per
geek.p Give two jat's to each group, one jar ccetainfnp, sea watel md
the othe r I.ap voter.

Nark the ]~re with a code ~a that vnly yacc. imov which is which.

It may be vsefol at this t ~e ta make aw announcement. above water
being. a precious ?[quid to be kept. inside the jars ~ not spilled. on
the f lanr, U   s'3 oahed around. Tn the class t'adam.

Before tc'.sc.3ng for aasxex'8 ta the problem questions J»d. before the
etuden ta incest the:i e fingers ta f ee l ar taste, t>ave them pred.ict
vhe ther they think there vi 11 be a dif f e:recce between I.tie two types
oE va ter.

'[hen. proceed virh the laokfng, seel ling, feeling, tasting tv c.-lieek an
p red f ct ivns,

Teach that another name far sea waCer is salt water Another name for
tip water fs is'each vater.

The fo?lawing quesrioae may be owed, as des< red, ta help a],oog the
cooversati&n..

-Can ynu  ell the difference betveen sea. water and tap ~~ter by laak-
tr g'
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-Da you Ii t'edict tha  there is a 4$ EEerence f» ame117 Zs t !iere? When
you dt'e near the beach does chere seem  a be a smell  .o the acean?

-Dn yam predic  yav. can cell Che diffex'e»ce hy feelIng? Can yau'.
-9a you tnink the two warers might Caste dif fet'ent? Do they?
-A.at da yov think cavaes any dif ferences yvu found bctweeit see and

tap water?

-Where da you think sea wat:er comes fram?  ncea»!
-fines any mie knaw where t:ap water comes f raca?  +eeet pipes, pinTiping

eta .t o», rain, gz'vvnd, etc. !

-Do you. like tlute "feel" vf water~
-What da we use fry sh warer for~ f,drink, was!i, bathe, cvvk, gardens,

s~im, navigel.ilia nn rivers, etc.!
-Rat do ve use see va et' f ar?  sprim, aquaria, f iehing, stit ps, etc, !
-What woi,i'd aur wvt']d be like ! L we had av cideas?  nv eel sharc, nv

8es animals, ere. Mar< advanced classes might get inta octans as
source aE Yain, weaklier regulatvr ~ acean industries and. resnurces,!

-Shaulcl ve deke c~ire of our waiter end af vier acean. Wliy? How can we
take care vf eater?

-What shv»J4 ve nat Jo t.a our wal.er and aur vvean?

-H~ can we sh~ onr care fat the prec I avs water in vier tea j ars,
 When f Enl shed, panr f res.b eat.er inta gardens, lave, pot.l.e4 pl ants;
sea eater inta class aquarivtTi nr inta sl»k ta be re vened vie stwupe
ovt.fall tv vcean !

3, PAND 1 ends with oral rJtacussicm vl. hnvt not ebvvk reporting.

Problem 2 SENSING 5th '4IATZR AND lAP WATER  Mlcldle Klemen o.ry! EARP 2

hb.t e rig la

t"'>r Pmbken .'

I
i Vt'ob lenie;

Can you I.el 1 the deaf Eerenee be ween. sea water'
by smellt»g' by fee]inp.? by  est.ing'

and. tap wal,e9 hy look-

Ca» you. hear  hrou.gh water? Haw does tiearing thrvugh water cvrnpyre
with heax'5nR throtLgti gir? Row cvvlil you. test  his?

This is the same aa Problem 1 with a tew nrJged ideas  v give a align 
svphisticatian Eor post-pr J mary children The obj vc� ves are the some.
attention Cp the existence af, and some eharecl;ex'i st ice af, sea water versus
tap aster.
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Su. e s ted P r ocedurea.

l, Procedures cad. questions f az diseoaelml auggeatecl f ax Prob lem I ran
be used hate with s~e ad.judgement Le. language to soic t.he al.d.ct imp,e
level, Also, 5AND 2 scihdents should be able ta keep wait Lee data aced
notes  see sample d.eta e.hect belcm!,

2. T!ie data I.able for this prvb1 em tea provide good prar Cite foz' student.s
fn des t @ling a Bate tab J e by tb~iselves ~ or @it ti acme help, See the
PMC RAN MANUAL on I»at.rLLet Earls far making dac,a t.ab?es,

Wt>assever date table. the st.udenta design, as ].nrip, as I r. is, valid,,
should be meed ie prof erenee ta t' he f allowing why eh f s suppl f.ed aa a
fall-beck.

R.e t

ate

1'AM.K 2. HEARERS' THRQl ,'1! 5 EA WAT'KR AN'P TAF 'LJATk:R

+ meena s i>vied is he ard be t. c er

raeaos sound. is heard nne aa well

Tep WaterWater

far
to jar

oE jaL
away from J,zt

aaed t.r aid» ~f equ
oat'ium pump

z' eqoari.v5 pomp but
h ~>it,fi pomp OV aqua
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:>res- same concLvs<ons, epprapria e: t.o grade level, abvu4 Che varfous
test. rvsvl s ixnd vhaL they iilrJicate about the pz'vpe rtf eR of water.
J.'tie tests on sound m$ ght. lead inta f u ' he.r disnussicm abvul. savoy
transmissio L, f i sh cormnunica lani, end sonar.

BAKllS 2 «»rJ. '3 students can, be expected ta d.os<gn an.d/ar fill in data
bah lee end mak . nut cbook reports. See PROGRAMS HANLAL vn t'eport fax-
mats.

Teec.her Rack round 1nf ormatfan.

5onnd transmissia». ie considerably better thrvvgh gaea water, tap ~a er ~
oLher liquids, erid solid ma e ri al s then thrvvgh air. We. air dec] 3 ere are
aeciiscomed to dep '.nd< ng an visual uvmmunicat fan murP. rhen on auditory
sounds 8f»ne light pane.  l ates air rapidly whf le sound moves releeively
slow?y. In wat e r the reverer is t r«e. Light. is soon damped ou  bvt sound
care'f Pq wel l and f er, t'3 gh nen eaarmvuf Cate by soUnds aii8 ec tfmes became.
"noisy. Man uses eaond transm]>sion in. rater iv ' OMAR arid the s.r~inn.fnp,
of ar e.d» floor cant. ours by ec.ho locat ioLi O.nd depth sounds gaga Students vhv
became intereS[erJ fn. these tvpJu8 may Efnd cxplan~ctions in an. Pncye1npedie
and other re Eereneus,

Problem 3, I RFK7Th'O' OF SEA RATER AND TAP WATER ghoul!i 2 ~ .3

ln   c a~i U ct i on

If a rcfrfgc'rubor ie not avail«ble at school, this problem may becvme
a homework chd1] enge.

Finding the ec ual freeri»g point of salt water  aboot. 3,5 C ~ lower
 ha» tep water! is  an difficult fvr e]emen.t.ary school l ac:flit.ies and
stodge n  skil la. Since th» temperature vf lee may cont fnue l.u <lrop after
f peezing, the ec l val f reeving pv [»t i annot br del.Prof»ed by t aking i tie
tnapcx'e vre af the air 'any Erozen f cc. 1lvwever the studen c can see a
~Corn arieon betveP» the freezing  Pmpereturee of see end fresh vater by
not.in@ that f t takes 1 verge  ' c.n f reeve sea vrv.t'er than t.ap oral'e l Another
iediCetor aE di f f v rp»cp ia that thp. Cp I"iver et ar  he.roost at rieeds tv bp
turned tv;i lower number iri order t.a ~ reer<' sea water,

M eefila.

af sea water and t.ap va e-<-
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s~u ected Praeedure8.

The r,t1LL>eats may lip.Ve ideas abave h~  U act~ck th s prabJem. Zf nat,
the f vl] owing might. be tried;

Put sea voter in vL>i.' x'elm af cube  ampartmen S, filling oact>  vlie c:cxm-
pzrtmew  tv s Aif feren  level: same. fists, same ~iazt:ly fu11, saole
slight ly f il led.

Pot deaf  event amaunLS aF tap va et' in e simf lal ra+ af cobe. Orjepart-
cn E'. s ! t s .

Place tray 1» Freer.inp campartment. Note the "numbeI" ar teIsperaturO
a  +bi '.h the freer et' is set. Vote the time

Check abaLLt evez'y /ill f haur ta see has free~ing is prvgreee3ng in the
C«bes af alf f '.reIxt sizEs,

2. Htv<lents may design their ~i i!ate tabl», er ose thr. Svl] rvrinI ;

f'O~ARlhAN OP FRKl'ZING OF SL'D. AND TAF WATk,R

Typo vf 1:r eezeri>F Re Erigera t 0r

Tap Wa  e 'Sea V;<ter

afer' Pu.t Ir.tc f rZ ~ In/ fragile.r

2. I pl/

I'vtyaa Iael ivy.v toP

e t c'

3. IS eac.h student. keeps hie own data table, cvmporisans cari bu cna9e
betveu» t<ees required. far frees> ng, types af re f z'i Seratare, I.nnpera-
Lv r'e settings vf re fritter@ v t's ~ etL.

Several trials i>eed ta br made. See PRXRhM MANUAL an Rcplt t..atians,

are the s  u gee t L anc lus L.ail s abaue th e: S reez i ng a i s e, l.r. va c. er
c ampared. vt Ch tap eater~

1, Vse a plast. I   ice t ray llI which each Campartmmt. ~ s c:ampletely ac para  .
su that water caTInv  Flax fram age robe ta arIi!ther, ar usa   ~a c.rays
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l!ci the s[xidente have any expeCfenee abou.t the freezing nf papefcl<'.s er
f cr cream~ Zf »nt, they mtght try I.hese. Caorpare these vf h the
f reezing of salt and f resh vater.

Far the f a rmet of s ident reports see the P RA.RAM NANl AL

RAKM 2, 3Problem 4 BUQYA5CY OF SEA WhTF.R AND 1'AP 'MA'TER

In craduct fvn,

Children having. happy childhaacl memaries vf rubber Jvcke f?oat fng
the bal.t>t'«b and paper sail baal' nn the 80rimraing paal may cont frlue ta
indv3 ge their e»$ aycaent aa4 curiae].ty here, wit/> the eddas sc.fent f f ic
aspect of mskfng prodi ctione. and, doing t.csts ao f iaaf Lng, and sink f»g,
objects.

Naterials-

Problem;

Campo.re float f»g a»d. einkkig af objects in sea voter and, c,~p water.

Su ested Fracedores

The prablem eight bc introduced by dusking ttie students whether a svap
bar f loate. or st»k~ io the hathtub, a»d why, Apt else f?vats ar
efoks7 Wlkl these Ubj eats float ar sink the s~e way l» see watez' and.
io tap vat.erY S tr np es many student q«estians a»d opinions
paesfbley vtltle giving aa ensvere, Aosvera are abtefned by collect t»g
as many objects as possfble e,n.d trying them ant fvr their ab! lity to
st.ay af loaf tn. bath salt end  rush water,

h,].law same  mme far the students ca callect »«merane abjeccs fram
their vv» rlesks a  schaal cr at hame. Objects mey ln.elude eoch teems
as vaad.en peas.ils, paper elfpe, cat'kR ~ pieces of waad, sac.p, paper,
pleetl.c ruler, pfns, pleat fc 1 fde, spange ~ etc. H<ve them sort chef r
ab I erat e inta tva piles:

�! Object.s they predict will flv~t.

�! Objects tl>ey predict vill sink,

3. Gfve ecch small Sraup of 6tvdente tao pans ar jaes, one of see, ester
and the vcher af tap water in wl>%eh ta test their pred,iccians.
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4, IC is advantageaue ta work vith a data table at hand, preferably af
the students' Owa devising or, Lf neceeeary, copied from bel w

Eaerfee fa the columns may include euch zeeazk~ as "floate", "barely
floats" ~ "g fake.", "floete higher Chen in salt veter" ~ etc

5. Frvm Che evf dence collected abave ~ drav togechez e, scu3ene canclu.e.f on
abaot the buoyant.y af see water versus tap voter. Hopefully, the.3 x'
obeervatians vere suff fcieatly carefel eo that they have noted that
salt voter holds abJecte higher out af the vsCer. The concise fon
m,lgt<t be stated ca@vers<'ly c.h,at ab$ ecte sink decpez  n f resh vater.

6, hf ter thig canclLLe.ion J.e reached, invent fve students eight be chal-
lenged by t.he f n 1 loving sddit ional problem.

BAVD 3Prabl~ 5. HYDRQHZTERS

1liis problem challcnge8 the students ea make. a c.echnical faveotioo, a
hydrameter, based. vol their previooe faveseh gaciaa ao boayaocy af sea and.
fry.sh vgrer.

b lems;

Can you ioveat a "buoy" which vt,3,1 share dffferent levels. of f
fp salt water and f reeh w'uter>

Can you. wee your invent.fon ta teet the calla.i.cy vz Ezeghaeee
different gaiC sad fresh veter aixtv.zes7
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Su ested Procedures,

Let. ehe etudents tzy r.o ansver the abave challenge without help, at
least aL f Lx'at, T'hey raay cohere up with ideas more Imaginative and ]use as
effective es ehe eugges iaris below.

41. Clip twa standard metal paper
clfps  a vae end af e vaaden chapstlc'k,
0rap the chapstick in,t v a e.on.t a.incr a f
saL  war.er or the class marine tank,
Mark the level at which it breaks sur- salt water
face wl h water-pzaaE ink ar a grease weeer Level mark
penc.ii. 1hen, lower t.he same chopstic.k r:vPI
in o a evslf.diner af free.h vater and ark
mark t.he nev level a  whtch it El oats ~ ~!ape I
A spot marked half way betveen the salt   lips
arid frcah water marks eight be cane.id-
ered the level af floe:,l.t ton in a 50'R
sale freshwater svlyt on. Other per-
centages might be determfuei and test,erJ, The paraos vaad tends ea
take up water vhe» f Lz'st «se4 sa that it may eirik ar rls  tv a 81 Efa 
eat level aft.er same soaking unt fl L  reaches a saturatian paint.

Idea

tap

3.
m

42. flip ane ar tva standard me al
paper clips r.v the eraser end af a
sharperied pencil, ar stick a  humb-
tack inta  he. P rd~er Use suf f icient

clips ar weight ta float the pezicil
vertically vl h tl>e tip out <if the
water. Nark the level vf f lotat f an

wf h watez proof fnk ar grease pencil,
or c.ut. notches in the sfde, Erd<eite

with nvte/iPS <t fnk the level af

Elaeetian in salt, f resh ~ an.d d.if fer-
pe rcent ages of sale aud fresh

water,

les Lo
Level

tack

53. Put s arne lead s ti ot  b eeb ees! in t a
a test tithe 06" high and cork ft.
Add ta ar eubtract Ervm the initial

number of shat in arder ta get the
teat tube ta float viz'ti ally Place

t'glibber band at the flat. at fan Lcve J.
ar mark with grease pens.il . Another
vsy ts ta pot a marked meaeoring tape
ar paper strfp Lnstde the glass test.
t. ube.

Idea

merked
i»side

sho 

The students may discaver that talL, Lh$vl ~ j,isht weight, trip pfeees
arid relat fvely heavv bat trrers make ehe best "buoys".

Npt e; 4gien taking readfnge, make sure that the hydrome e:r f s floe ting
r:lear af t.he sides af the tanlr,, A distortion dcie t'ai the meniscus will give
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an incorrect reading,

Te?] the studen S they have frlveate4 s hydrometer, They raay see a
corrrmercial hydrcmreCer in a pet ebpp or perhaps you have one in your class-
raara.

'fhe secaad quest <on. af Problem 5 aslcR the students ta taake a practical
appI.ication af their inventian.

A hydrometer, either carrmex'c1aI nI' the ave the stvdeote made, placed
in a container of salt wal. e'z', will flaat ac the level marked f or salt
water, Zf the contal~er holds. tap water ~ the hydrametet' vill siok ta the
mark faz fres'h water. Zf the <ater is less salty than eea water, the
hyritometer will flaat somewhere bet.veen the two marks, Hov will it float
if the water t,s mare salty I,ham gaea vater~

Zf the students uadetstaod her their 4rlventian works, t,hey should be
able to figure out a Llse for it also. For starters ~ caaeider the class
marine aquaziurrL sod the f]used in a ear battery

PertLaps it is time [o have a ehort "vacation" fram vritlag nacebnok
reports. Instead there cauld be a display of hydrarme ter irveotiane with
m explarLacioa by the yauag ieveatars af hvar each particular bye,r~eter
<ark~ an4 vhat it might be used for.

HmbS 1 ~ 2 ~Problem 6. 'fHK HALT CONTENT QF HEA WATER

The evaporation pracess far BAND I children can be simply a look-see
experience. Older st.v8ents can be lrlvolved io experlmerl.t.8.1 work.

Kat e ri a ls

VC! ~pr
-F~g+ ~9  pi< T;~.'nS a eqa-Va er,+!
-AarV' t.maes
-Peat a~me  epr;"'ma  j
� V8pjj Pi-re mesh 9<rVeÃ Op ."-'v~4  Bp44p"Qi!

e salt f t'vm sea water and ex,araioe the e.alt.

S t ud eo, t p re dic t iau and t r f a ls.

Ask tt>e class haw it rrright be paseible to Bet the salt out of sea water.
If the class concurs that. filtering through a Eire screen or cloth
should vcirk, support this "excellent idea" and put them ta vatk no it.
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The tflar»masted» an. this Evti le task payS rJividends latez' vhen dis-
coss lrlg the charac'.er'/ Stirs af salo  3 nod.

Zf nv ocie thinks o  crying ta filter dissalved seJi. through a f inc:
mesh yau alight make the sogge8tiao yaorsoif, nr yau. may profer ta skip
this "ft]tering" idea, a»d pa direct, ly inta evaparat lm>

If  he. class ar a scnelJ gramp of stolen.te cacaes up v3th other ideas ~
gaad ar bed, fvr extractirlg salt, try their ide;<s az f ar as paSstbIe.

2. bv apo r at i an.

tlopefully eamevoe vill eve @tuel]y think af  veparatiao as a meaoe of
recovered»p, the salt, A hiot may bc ne'«essed such as, 'l vaodez +ha 
ii;happens ta dirty vater left on streets and sllevaIks after e t'et»
The class i'espouse thar. et 1 ease same o  5 t evaparates mt ght be re-
J oined with, "Does the dirc evaporate, tao't" Since eal  !o sea aeter
is invlshble sacae st.ude»ts may think it fs oat possible to evapcra e.
voter leaviTig «lie salt. beiiiiid, The anly sct elttif ic response to this
doobie <s t.n try it. ooc,

Set up some salt water evaporating, pans.

Method I ' Stodent id'.ie aii ha+ ta evapor~te. The: gradient plan is.
c he pre f errcd me lied

Nethad IZ; t'ot abau.t e half t»oh ar less «f sea veter ln f l st pie
t icie vr tbe equivalent , Let. stand for vne ar tea days I a
pe niit evepara io» at racra trmpfr9ture.

Method ZIZ;  ;e»tly heat. pails af see eater vver hot pie c..s or an e
stave vriti l evaporat iota 3 8, c ample te.

Ooos 3t mat ter wheLher the vet.er is clight ly hee est nr
braoght  v»» active bcii? I ry bath, and see

Exsmirlc  he res idue sal  crystals with he»el lenses. hate shapes,
a<re~, taste, «viva', feel at th  «r'yst~ls.

hsk the stodcn[.s to predict. vhe her ar nat these crystals cauLJ be
redissolve<1 int.a water, l4.dissolve thnn a»d note thr ir "rJ.tsappearance.,"

BAND 2 and 3 students caL> repart in their oi>tehaaks ao  l>e renavery,
appearance, aod Chnracteriet Zcs <>f selt crystals bee PROC�V  MAÃ1.'AL
Ear ropvrt format.

Problem 7. THE gUhhl'I TTY DP SALT lhl SRA VATER

addition  o t»forcaatian obtained about se» voter, this pz'emblem can
also serve aS a stepping Stv»e inta an arl hme«ic leseon vn prapart tons a»3
parce»tages, and aped ta a discuss l,e> ar reading lessryn. abaot thC qosI it.ies
af iifferen,t seas af th» varlet.
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Materials

or guan~tit of salt. is Sn. eea vetr. r?

IE the: etudente have <dees p l3sc their praced«res until tt>ey come to a
pofot wheri. ttiev need ta be "rescued." The fallofw�.8 assistance +ay
be n .Ci1ecJ

2. Measure a quentfty vf sea retax' biota an i.vaporat fng pan, lfse s quen-
I Icy which vill eimplify ca].cvlat fans, T f passible: use one liter, vr
et least in easily r a,lc» let.ed patt of a liter,

Evapv ruat.e ta drynC.~f S tpy any af t he meet ads neeA in Probleili 6

4. Heasure the dry sall: res f due.

Method I ', Measure by i'alume. ['vt. the salt toto a graanat ed oy1 inder
oz' measuring spoon. and tak» the readfng, ta ml or eeaspov»e
of salt, ll>is f s snf f 3 c. ferlt f or ill-C l sos caarpae'i samos ~

Nethad 1 t ' Meesure bv Mass. Fir. lych the salt. I n grens an a baal ance.
Text baak sta<iclzrds ere done hy mass sv chaos frfg Method 'll
vill allow comparison wtrh the staoc3<rds.

Calculate the propOt't i an at sal C in sea vat e r

Method 1' Ry Volume., f.e., valn~e: i. salt in i valume of wgt.er.

col vr c.easpaons of Salt
lfters o  water

al or teaspaons of selt pi.r ltrer

This can be caosidered the. "r:lass starlrJard" f or sea voter.

Method 1I; 5y Nese, f,e: p.rams af sa.lt in grams of veter. Can the
students determine tt>e mass af vile 1iter  lMO el ! af f resh voter~ If
t tiers veigh coe'z'ec:t.ly, they v�1 find something clase: to LOOO grams per
1000 mL. This is pet.cise only fvt' Viatflled. voter at 4oC but the dis-
crepancy is not sipnf f icant at this f lernentary levc t, Have thp' s u3ents

Recall clue method vf evaporat fng ceo water tv obtafn salt  i't'oblem 6! .
hsk the crudest e hoe they ovate measure rhe ~uentir of sale per gives
quantity of see vat.or,
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x'avnd off their Eigures t.n this. number. Then.'

~raus o E s s 1 t. U b C Sine d grates o f salt per 1000 grams  liter! of
sea vateslitera af we.ter used

According tc standard calevlatiaos, sea vater contains, 33 grams of
eal  pet' 1000 grams of voter. Thia is expresse4

35 parte per 1000, vr

3 5 parte per 100, or

3. 5Z eel.f ni t.y.

Compare student results among teets made bv various gramps in the class
and jar compare clase results with the. standard vf 3,5g salinity.

This glues nppart rziiy tn discuss reasons Ear dfeareparcies be veen the
@Lass reeolts and the etaird«Eda ~

Does the class agree that i.e measure:d ns ten4ard." se:a voter? Wba 
st.andar4 sea vates'? Ie. all see voter alike t Kaw about sea

water fram af Eehare aEt .r a lain. ~ ar aca voter riear a x'<ver month?
Does x'ain an the acean make a d,difference tv  he salinity va the
acean su.rfaee? Where did the eea vates' iised i' these teets corn .
f raet~

b. A 'e the student.s wi 1 l ing ta et.a>ld by their calcic' ethane.? tlo~
many messnrements  zeplicat $ ops! did  h '.y make? S e VRAGRAN
KANUAl. ia the section an Replicativns

Ries  here paseibill ,y of human  'rro ', such ae spi 1 1 age af salt
<~ter during the races rriog process, ar mls-t'eading of amowte?

7. Students eofticient]y competent. Ca da the calculations in  his problem
are c rt.aiaiy old enaogh ta da a rcpntab]e science report in th  iz'
not.ebonks. See t.he PROGRAM KAhUA1, nn report wz'itin@.

Hot all sea water hae a salinity af prec.basely 3. 5K «lthauph the E I quire
varies but. s?ightly in the npeo oceans vf the varid., Sea vater col! ected
nr.ar share may be less saline bee.a<>se of run-aff nf fresh waters fram  he
Land, pal'ti<ularly sf tax'  aine.. Tbe snme applies to surface wa ers during
heavy raine. and co acean wat,er near the de],tas af riv .re

Sea ve er uee4 far eetl.log at.andards 48 taken fram the North S '.a,
Korth At.lao ia and polar Meters are slightly lese saline than  he Pacific,
particiilarly the t.ropical Pacific. Arctic surface vater may he as lour as
3. 3R,. Yleasvreaente in the Persian Cu] F ta ae high Og 4.0Z. Pockets af
exceedingly saline vater have  'ee.en,tly br ea rJiscavered at rJ.epths in the Red
Sea. Students may wish ta laak np  lie salinity of the Great Salt Lake in
Utah ~ ar the Dead S.ea.
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BAh DProblem 5. SEA VATER VERDI,'5 '1 AFT F=SAl.T dATER

Iritraduet.iaL!.

Durf»g  he 92 i rat s- x problems aE this cvl>i<', the sciIde»ts examine~i aen
water in comparison with tap water;cn.<l cifaeovered that sea water had ea»-
sf de rab Le salt l» i c. whi c.h to elementary st.odc'rI.r.s llleclll.r 0~1'q 1 e en 1 I . The@
konw rIo other Rind. In thfs pz'vblee we t.iIrn the analysis eraond tp see i E
put.ti»g, salr.;ic'd water back together apdf» vill licvdn<.c-. ne:;> ~pl'Pr

The: bas s; i>r ~lenfding whether ar not t able celt + water = sea voter
c'.p»a fats in tee t.ing t.h» charael e c i eric.e of the mixtorc to see it i t eat.chr s
the quality ies Prcvi nisly not.ed far see xatvt, Dv il>e st'»<le'.roc.a np tee I  I
<hie Logic?

SaJ.i ester canst.ituti cl f tvn' table axle fs nat sea water. Sca water
eddit f anally coral' v.i oc I"r',e'.e e lenient.s. S incr' 6 hi   car e eleven s »re beys»>d
92'he c.ap,fbi 1 f ties aE elemr nt ary sl, vc3en c 8 tn deter.t. or test Ear, the students
will bc deeCf vv'.0 bv cheir gross observat fons inLv mak3 rIg;t f,I] se Cpnr. 1 cinch iver

1vl. se s water sn J tab le-salt wat er are eqllia'nl eve %e'a .

A] 1owhng the studeries La walk. a primrose path t.n a fallacy has its
merits, ~any a sel .»l. 1 f ic ".1 mn supported by all t.h» evideLice of ir.s c. ra.
has bi.en.  eve cecil by Later evidence prador ed bv v more ader meed technology,
The students cIay as we ll leo l'n nt a tender age thatscie»ce is a search, nvr.

vf "priinfsn or "ansvers," and thai. r,he: searih i.. s'l l tn often hanoi-
<:apped and lfzitvd. by hv»e>L hate.an er ror and unavaicab le ignaraor e,

Mac a<'l 018.

sea vent.er by mixing tap wate'r a~i8 t lb]e 8al t~

lf not, vhy not~

cell whether ar nat > pur t able-s,I l.t w;it e < is 1 eke e'en[l i~'

water?

 'paptnatr - .Thi bv i ] i»g, point.a of sea water aL'id Erest> <ac e-r 8 > Ef er by
less thais halE c>I one degree cent fgrale, I'hie  a not suf Eic lent to teat
with element.ary sehavi  tIe.rmpmeters. Hence the test. by d,ifferetIces vf bail-
ing pafnr s fs atra  ted in this aerfes. !
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Praeedu res- in-B rie E.

1. S.et Isp g. ratior.ale fo r the eXperIIIenC,

2. Plea the testing. pranedures vf ch the students.

3. Prepare data tehles.

4, Pp the tests.

6. Carreider saIIrcee. af errar and passfhle inadeqvaey af the «lass test-

7. Report the fir. al Con.flu.e i'.e in C.he rIOteb oak,

Su ected Procedures-ia-Detail.

1. Set up a ratianale vith the atmleata far doing ae eXpertnIeCIC. HALI the
staced, problem,

Vau might. begin by getLing student opfnfarI aa the f fret problem ques-
t.ian: Can yau. make aee vater by mfa'.ing tap 4n.ter and table salt~

Hapefully, the elaes vill he 4fvided fn apintm 'I'h s secs  he stage
fvr tryfrIg ant bath pofrIte of vfew ta see vha ie "right." But even ff
everyone in the nlass agreeS Chat it. earI  vr uenaat! be done, the
tedther's parry fs still th» came, rIamely ta esk, "Haw cen yau 4eman-
etrate that yau. ran  ar eanrIpt! make Sea waCet f ram tap water plus
table. salt~

Horne c[uescions useful in guidfng the plerInfag might be:

-If you d.a mix tabie salt vith tap water, hav wf1 1 yau knaw vhether ar
nat yau.r product fs the same as sea water?

-Ze there e vay ve can teat far sea water IIafrIp. eqIIfpmeat available in.
room?  SuieAcksts usually ha e ta work vfth available equipment. !

SIIbstaocee are ueually considered elfke ar at l,eaRt eqiit vp lent L f
they have the salle Rara.ate r~ sc. ies Sa f f the mixture co b» med» 'by
th» etudente turns out ta look lfke sea water, taete 1fke sea water,
smell like Sea water, freeze like Sea vater, flaa  our hosIe-made hydro-
meter lfke sea water, then it wau?d seem ta be sea water, ar the equi-
valent therea f

Sama students may came vp vich tlIe idea of ueirIg. sea. salt obtaine'd from
the eveparetforI af sea veter instead aE table salt ae the starting ea?t
IIIiXCure, If SO, add ChiS i.dea for making arI additfonal mixture ta ace
iE eee veter f s abtafrIed.

5, HaVe she atuden,tS i~cerpret the teSCa erId draw a conct.us.fan about the
eamperiean of eea veter vith Cable-sal t vates'
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J.f 8ime students want to compare etii1 f«rther liquids such aLs distil-
led water, sugar waier, oz whatever, add these to the t.es  plans. also,

Keep vorkirIg, a  Ct>c dlsovcsian Lsntil the studerIts come tv a decision
 ]Inst the next valid step ie tc mix  he: S vff and teat its. characteris-
tics to see if it ivoks,  as t es, end aeca like sea vat.er.

2.. Flan the testirIg, prvoedureS,

Flan with the students hvar mvch tghle salt should be mixed vith how

muoh wa c-.r, Refer to quantities determined in Yrvblvm 7,

Alev plan whv I» the etang vill make vhich mixLure.s an<3 wt>ci <1'] I;e~t
far what.

Prepere a data table '.or retax'<11ng reaIsl ta of the tests. The st.udge.rI s.
slivvlrJ de&hg» the J;>to table, everI it it takes  h m some t'fn.e tn ~!o 3t.
If they are unable  o dv so ~ vie c.he table below.

4 Do the tests.

Include all thr f acr. vcr. J,eiz»equi in the previous problems. Look, feel,
>me] ], taete ~ Freezing, surface tens ivrI, duns! y  hy<l<vmerer!, '>ppe~r-
ance of crys t als., amvun:t vC i ryeta! >, plus any other test s dos ized.,

Interpret the dies s vurJ. <1 raw a nonclusian.

At t.he J.evel vL re finement passib le in an olcwvn ary 'v'92-vii, the t.zht e-
agle water  if mede in the Frvpvrt  en af 3S 8 nf salt per lit.er of
vate r!, w il]. mat clI the sea water in every vis ible grvas charav tez'< ~ I f c
Thus the cane!.usion, f rom, the lCvCL af  .estiIxg poesible here, can
legitimately be' tlirt cable � salt vater and sea water are c'.quI vnl c.nt

This eonclusloTI, C.agether with reasons and   s  r 'su.], .8 shnisld care-
Pcilly be recorded in the notebook L'ep0rt-
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6, Gmsider passible sources vE errar.

First vf all, have ve made any humaa errors arch a.e mis~easurements,
evaporating, n»der dif f @rent candit Tons, using dif f erent  .emperatLLre
refrigerators, doing i osuf f f cierlt replica < ons?

Secondly, eaneider the possibf lity thai there are gati ll other rests ar
s .ill other. contents fn see. water vtiich we have not accou»Led for. For
exaorple, v» the side: of the salt box it says "fadizr.d«or "van-iodized".
Vha  is iadized sa.3t? Is sea vater 3.vdized'? H~ can ve te:iJ, or can
ve y Binge v'e do not have an element.wry class tee.t for I odine

Oe the side of the brioe shrimp egg battle where it gives direcilo»s
about. hatching brioe shrimp it. says nvt to use Iodized sal , This
would secra  .o indicate that brine shrimp do»ot tolerate.e iadfnv, Since
bragi>e shrimp ca» live in sea water, does this mean there ls oe iadine
in sea water'7 Are it>ete perhaps other thiilgs best de:s iodine in ~
not. in, sea +ac.er

We see here thai the prablem has got te» too big for u.e. We  to not
have the ski13s Dr the feeilitir s Co test Ear iodine a~d other thl»gs.
Scient iqrs alaa sometimes came te such a» impasse,

We rrov have two chc3,oes:

Choice 01-

When ecieat ists cannot do teste Lllemse ives, they sachet. Penes seek t.he:
help oF other sr ]e»eiste who i.'an provide iaaf armatlm to them, twn we
i irLd act. Ervm the "lit. ' 'acure" if suede other s ieotist.s besides aur-
er 1ves have tested sea wa .e:I and table.-salt wate r? We cauld 4 ry the
ecLcyclapodl 8 ~ ar books eliout oceanography in the library  The re:f er-
eoce Cghle below is f ar the Leacher's us,e on ly. !

Af e ' carisulticig the "Zitez'at»re," th ' etLL4ents may be able t 0 vr ate
Cn their reports that s«eb and sn 'h an authvc' reports «rJilitianal ele-
ment.s ie sea va eE' vhfch coul<1 not bc  est.ed i Dr I» t.he class<'oem.

ChaitP. 42.

I I AThe same appliee ta us, Me cd be true scie»arista by stating, As far
as anr testing ab i l ity perm! ts, our eyperimerrt shows that t.ah! e-salt
water is... «Then, we must kr ep an open micL3 ta some day fincL1»g
out zo 'e abaLLt it, perhaps even finding out thai evr first conclusion

in error,

What H> sc ieatis s da when they lack the reehnology and even  he refer-
eec es to ge  g ] ab dao,e? F'ar exam[ile, what d t 8 scient iste say about
the sut'face af  he moan befo 'e they had  he abflity ta po thex'e? What
d.a sc.iest is .g say about. llFO's and the Lech Ne:se monster? Tr such cases,
scientists da  he best. thev c: an wi h what evidence they have ~ pending
the day that they can learn mare
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Besidee the k»vvl edge ga i»ed abaft sea ve e r, perhaps tlte east. inpvr'-
t;~t lr ssvfi the si.vc3c»te can le~to fran this prvbJem ie the  ~f-.tenne
ia a resting vf i deas, nvt rieeessarl ly e tin8ing at answers, and tt. ir
 .entativie ooavers are subject  o revis Jcio opan the»rifa?ding of rice
evide:»~e

Teacher Back~rouad fafarmarice.

flic fallavisip infarmal irn. is excerpted -!iie'ly t.rishi a paperback hy
Warl'eri Z, Yasao, 1965, t!t.ZAVKRAPHY, Halt, Rineharl. ~ «nd h'inst «o, Inc.,
Vark,

The salts in see vat< r are cambi»at.ians vf many elwiierits, the chief
saic being so<liLLm chivrtfle which ia crdinaz'y table ialt. The. rotal salts
in sea wat.er, an  he average, amaunt. tv 35 g,rane, per 1DX p,rans at s  ri
water. By -v»t ! ast, ave f age drinks»g eater eisa canr»ina num  r<»fa trace
s,alts t.v a Level aa. nhaat 0,05 paTts pc r 10OO.

Of the J5 pay't.a per  hvoeand af sgL t in ae.'.L vatcr, about 33. 5
are aadium r hlriride vz'  ir8inary  able salt, The redo turfing l. 5 porta per
10OV inr l»de many element.s, dTnoog. them uranium, copper, alvmiriLtm, range»eae,
a 1 iver, gold,, and nany ot.hers.

Iadin   » t.race arne»nt.s �,0035 parts per millie' rir O.OM0635 pert.s
per ION! in eea w»c.er ie uvre cancan,  rat.ed in certain sea seed anil spv»pea

The veining I» h> inc shx'<ep egg har,f'hing tv avaid use. of iadizr.d salt.
matter «f cancan  rat ion,. Iodine, like ve~ many other c.3,inherits and

campan»rJq ~ can be harmful a  some cance»tratians;>nd either r a benetl c<;iL
d,my, or evrw 8 faad al. «cher carr  '.otraLians Far f xaraple, tal.aL lack ai
iodine l o ltuman bi,'.Logs praducc'.s gait.ez',

Al3LZ 7 THZ l0 MOST CO PVN FLEHZNT5 'WHICH MAKZ llP THZ Shl.T5 TN GAZA VhTVR

Pa.r ." per T hvar",i»fiEl enic ter

Repvtt che iioal canciv.stan in tiie natebvvk.

 ..'BL or in@  Cl !
Sadinn

Magnesium  Ng!
Sulphv.r  S!
t.a le i um  t a!
Pa gqaium  K!
Braniine  Br!
t.'a z'ban  C!
St.ran ivfft  gr!
Bvrvo <B!

l,8 98

10, 56
1,2!

0,88

O.40

0 38

o.065

9 026
0. I33 3

0 nas
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l4. BEYOND REEF AN9 SHORE' THE DEEP OCEAN

J,gtradvctian-

As thr t itl» ak t.tLts back fzpJ.lee, it can a< ne investigetians vhf ch»»n.�
tet' re sliarelJ.nee a»ii waters not exceeding rrading dc.pth. sharellne t.apt@:e
alane are arrrple tv keep studenrs  anti many sc:ient.t sts! ve11 a«cupiec] f ar
years.

Bev<>nd t.t<e shoreline and the: reef lies e tremr ridaus vc.-.can vl gig,an .hc
prapar tans and t»»ming 1  fe wliich ca»n.at be ignored in the ed»catfm< af
chiJdren etmp],y because: it »annot be reacheri. 1f elr~ientary rhildren cai»rot
take a field trip Lv the bar.tam oE the eee, the bv tam af the si'.a most raze
inta th»3r claseraaz,

These aces<> activi t es,<re d istgneV ta in cTease the student s' avarenees

the va.riei.y at ae.ean lt f e,
deaf rerent animals which live at 83f iez'eat love'.l.e i» the o<-.ean,
same aE the ptLya3.cal Eactare +hi«b f are the e»viranment aixd have.
and, i'f fee r. nn a« i,zn ao J.nrem. l e a»d an man,
adaptatia» ai antma1s t a the enviz'«rnzen e in wiiich I, hey live.

I» this erudy aE the ocean, baaks, pi« ures, Eflms, arr8 slides most
tak<'. the place of living animals. Neverthelr se the loves tgativce ca» he

t 'ii3 y ac t' tvity-arien ed as experiments f nvalv tag live anJ mals fr tide
paa! e an2 e las e r aam t anks,

There is n,a ano recommend,»4 reference far invest f g,aking vcean lt f e, Ttie
class needs ta ~ark vi b as many bai>ke, p$r.torr 8, ell6es,, a~id arl.! facts as
pv8eiblr The greater th» sele« tan, the mare resources the «l>tldrr v can
<~me.

IThis ee«�am an the ocean <ac d»velaped, «L;lssraoru. tes ed, and
jaftia3,3y rrtitten by Dorothy &uddemefer,

Hast «l>iMre>l hsvr .e veaith af mate 'isis at ham» which they may ar may
na  km~ they have. Many parent.s have pUrchased "»store«baaks and secs
e.ncycJ.apediae @hi«h inci«de vv!umes vn th» ocean and sea lif< Jatianal
GevIIraphic.s ace helpEv.l a»8 are freqoently Eound in hames ae vali aalibraCCes, Many popolar baaks have Iieet piIblistied about the aceail and orean
1fi@ far liavaii and similar areas, mas  nf them vi h breathtaking pharagrapbs
af acr.aa anfmale. If ev iry chi Jd bz'tvge 1» a bo«rk ar Cva f r'vm home. ar  l>e
libx'dry, Lf>e «Iasezaam vill 8aan have an ence J,Jent  'ef cress'.e library ta be
shared by all the chtldr»n during thL's ac»a» stvi'ly. 5c soer the rhild,'s
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ciaoe end p]iaoe ciucober is writ.te<i iii every book brought from hackle, For
shared lCbrery bvvk8, pat Ciie child'e i>awe in the Card pac]c.r t,

Look elea f»l.o passibl1 it.ies for liorraving or renting avdio visual
m~teriels, Filios ca». be rented or barz'awed fram the TJOE, pubs.ie library,
Univ .rarity of Hawaii, enact others. Films, filiilS92.ripe and s],Cdee ean be
rented Et'eei caiomei.'c t al and servC re caiopenies. Tout't st brochures are usually
 rec'. This %at ~re Study Pro j ect. is cicrrecit.Jy preparicig a mac Ler set of
e?ides fvr REEF AKD CHORE teachers ta baz't'aw or copy,

ln, addition tv pleasures, prinLed i.'c'.Ferences, a»ct f ilcos, waar of the
act Lvi tCes in r.hi s, eecLian require.

-Paper of many oolore, s]ass, end textares. Ear ecalpt].»g animals
-A lang i.'oJ1 oE but.belier paper vr the eqv.ivalent
-Calvring media such as paster paints ~ i-ater valor, crayo»e, pastr ],s,
ar what ever is cus; ornerily in «se ici the given school or grade l evel

-Gravc, zc'.isaac s, t.ape
-A reel af fine manat L lament ny]on Eiehll»e for ha<>g<»g "f ish" from

ceiJ C»g, walls, and in bvxee
-Cardbaat'd cantainc re of varivv~ sizes «e indical.ed io the speci Eic

act]v/ties.

~Sco e aE the AccfviLies,

hler one teacher ar close will c'! t.her wacit,, or be able, ta d.a a].!, the
ac..tivit.its described bere. Same: are avet'loppicig kc> cooLecit. to give e
varir ry oE approaches ta  he eave topic. fram vtiich a teer tier may choose the
enact deeii,'ehle. An ac t Cvity su~ested. hr re may trlpser eithet' teacher ac'
stmlents to a further idea which ca» doioina Cv furLher ~ind furthet' activi-
ties. Th!~, ie the ex~-.Clement vf being cleative.

For each problem vz' activity presented Ei!r s tudent c:nnsideCation, e Ecw
l!era.graphs of backgz'vn»d Cnfai.'erat.Can ez'e: given far t.he t.eacher The back-
ground l e helpf u] Cn guirJlng the f erst: s:eyes of the aet cavity. 5ovke end
re.ferences vbich the students br fng Cn wi] l. coon exceed iii breadth etid <']epLh
the cool'es. given here. Hy I hat time the etadccit.e vill be: on. their ~ay and

longer be ea depende»t an special gui<lg.»ce from the teacher'e stare af
kncarlc..dge. They cm beg,3,n to repai.'t t.a the t etc'her and t.heir classmates
t]ie. edditlv»al infatmacion they have disc.overed.

Save Lapics are mare ap]~ealing tv t.he yauns, others Cv ol der stupe»tB,
Again the  a~ocher must decide vti l rh Lapics La init late, baseR v» the studenr9 '
interest a»d ebil 1 ty levels, The echo sounding ac'.rivitir s 5 ccvalving matbecaa-
tlus and gra]ibad og are defioieely for mare mature eleme»tery clashes
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EventvaI.ly the students vill be pot ta wark examining all thri~e "J,ayers"
of peggy 'gt.uJ.eats seem l.o fied it ms . e:xa< t in<  v begin vit.h the mast
exatie layer: the benthas.

The ward bee thpc has tva usages. Eenthas refers to the hnrtom pE the
acean as a place, whe cher that bat tan is the bat tom of a tide pool, a cpn-
  loe»t;>], shel f, or the bottom nE rll» deep,lbyss, Her pL>dky, beothas may refer
tp an animal ar plant which lives an the bat t.am.

5enl.hie animals include all the bottom-lfving tide paal animals
in prevfaue tapfis plus ill thase chili> ] ive: o» cli ' dc''p vcean flpar.
bent.hvr ax'e svirmaers pr walkers evch as brittle stars and e.lans ~ and
mave around f» search of Pand Atl~ers, like vaz'al and aysters, are f
one place and depend. an acean cnrrenta ar iaad driftieg dawn for rhei
vivnl

s tiidi ed

Same

C ctS!

ixed in

e beathas caaxmurifty.

Sv~»si id Prvcec3vr'vp,

Ask rhe stvdeate i f tfiev c.l>iok life axis s on t.t~a ocean bpttpm. Zt s.a,
what kind~ Explain the term benthos. Ask them ha+ many benthic aa [mal s
they glregdy know Er~  linet.r work Ln t.]>» [.Cele pools. Get a fiav af haaks
and pictures caming inta the clasaraam for furcher references

Overall a lang sheet af heavy paper the length aE the classraam Mov»
the desks aside eii Ctree cree»ts caLi wot'k pn the Elapr. Benthos live an the

acean fiaar, sa why eat create a benthos cammuriity an the classraam El oar'?
One eLid p  I.h» pap»t covin' accamrapd.er e animals Livfng in shally water, t.he
ather end deep acean animals.

Rave the children brawee thraugh the su.ny reference haaks they br ng
fn and share in search pE benLhps, Qite a bit af fnciden,tal learning takes
place through cur.h relaxed brows i»g, /.isC o» tl'ie boarcl tlirt'. be<> has ttiey
svlecl.  o pv  lnl.o t.heiz' mural. Each child. may chpaee ta make ane, tea, ar
even three benthae. Afm far variety rather than too much dwp] il',O.tiglon

The asr igament. is

1. Draw and calar your chasea benthos.

2 l.earn .as much as you c: an about yaer animals, the in.fnrmatio» to be
shared later vith  hc class.



245Revaii Nit«re c,t«dy Fragect
l ee E end Shore

3. Arrange vair enimais ju a benthic eamon«>i.ry on the muraL, Ploojiip.
those neer. =o one an.other vh j»h r elete in sauio <iy.

Sttrden s,hyoid heve a pir jure of their ben hvar in front af them ak
the! work in order  v ~eke the mast accvt»te. drawing passible It is beet
ta draw in pv.oi;i l first, then I i 1 ! jr' arith crayons, pens, ar paint, Thi nk
EZG ~ a»d lank f ar DKIAl!.C! Consider hue eooli animal'e shape, ro lor, ar
size helps hL!rr. to survive. Nia t, does he eat. Rha  ea,ts hindi?

Remind  hc students that tt><i'i'. <e a djt ference bet.ween an artis  I »
pra8oc  f o» and a scient Lf it droving although eL her one does not »xi.lude
the other. A 'c i.<nt jet pays clasr' a teation ta detaiL,rod accuracy.

Vat all  he eh j1dren may be ablr tu work an the 6ig liaper at the sara»
t.ime, !hose wishing ta vork at their desks may r!.raw benthos an paper the
co lor of the anirrral~ ohaeen ar on whir.a paper and co Lar i. r;I pprapriat.elv,
Fill in as ru«eh detail as posejble befare cu  in@ rrut;ind past]rip. jt an the
ru;iin morel,

S,arne anjmale au.nh as sea u.gc-lil og a.re very d,if I Lc«l t to cut o'u  anL'I
need tv be: drawn d.iree ly en rhe. l.arge papeL,

As c'ash benthae is aclded, identif y it. by ar l t Liig its name ~ whether
cvmruon, scientific, ar Hawaiian, or alL chree, iiear ttLe plant ar eriimel.

Children teTic3 t o dr.acr their beTit.hoe o» the "bat tarri«»Ape nf the paper
becavs< benthos are bat om r!wc.ilers. Ta gain. perspective, have I'he stu.�
dents stand. an»liajr s snd laak st t'a! g,ht dawn ta the Elver They see a
whole "are;i." aE flavz' a.c I he bottom.

Fill in the spaces between the berithoe ta laak like;iri acean flaar,
Glue an or iIraa paper racks, san.d, Iioru, etc,, perhaps addirig arrows' to
inr!.teste relet Lanships, Prresible quest ia»c co raise during i he f inishjng
e t a pe s a f r. h <' re.r a ]:

-Hav is e;>Ch benthos designed ta prateal. I  ee.l f?

-Il~ does the aiiimaL'q shape, calve, ««tc-.r layer, spec; I a.l devices,
such as socl, !o» cup feet, airJ. fri the anims1's sv! v jva.I?

-What. rlv they ea.t?

� Kow do t hey ee t,

-iA! ti-I t ha ppens to ari over pa pule t i an o f aoe kind of bent tine?

-What happ»Tis ro an urirjerpapniO.tian?

-lf the acean, environment.r  'hanges sodden iy, which benthos i/a you. think
w<«<id have the gz'afreet c.hance oE s«rvjving.? Why?

'flic'. completed max'al «oy be hung on  he wa11 ar in I.h» hallway far all
admire anal Je.em fram.
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THE SVZMNPHS

?fekL on. are animal e that. axle freely in acean water. 5ektcin are faund
at ail depths vf the acean,' ,surface, middle, and dump dawn. Nek vo, are
al]. sizes aad shapes. 'Nektan are sea. mammals, fish, and non-<ash. Nektan
are the. svf comers o F the ace an,

Tllie activi Ly iR desi gne8 ta stiorula v the student ' e abservat fa~ ]
skf mls by payfng close a can.t.fan  v details af shape, sfze, cotter, and
deeign, By henging, undersea an Impala fram the ceiling,  ]ie light f fxtures
 if permit. tact!, and walls ~ the child,x'ea can get. etage feeling ot ]3vfng fn
the sea,

make aur claearaam in, v the acean'

L.

~Ru est@6 Procedosrs.

Vockin.g singly or Cn. small It,loupe the ct> t ldren can ] vok thrangh
roFerence bvvLe untf1 they find a nek an they woold ]. fke tc make Rave a
sign-up sheet t.a avvlcf on averpopiil.o.tfan af shorks! Stud '.nts may vfsh ta
woe k together ce praducc a schaal af f lych.

Clip o. sheet af paper behfn ] r.he drawing sa chat. vhen the autlfne af
the. animal fs cut cput, evv identical shapes are abtafned. The features can
chen be Eilled in anrJ. colored. an bath papers  a farm right and left. s]das
af  tLe animal, l'.il '.aurage s Lvdc its ta inc],ude all dc'.o.tie. Ask; lf this.

a fish, vhere are  he fins lacated~ The gille'7 Did yon remembez'  o
d,raw the scales'7 What sp @la.l detafla. does yaor animal heve that m.kes i 
dffferen  frne the a he.re~

Staple. the tva sldee af the ffsh tagether iv several p].aces araund the
 garg./n. The animai c: an then be atuf fed with crumpled paper and I.lie last
apening s  ap led shut,

Be eiire ta put. [l>e name aE che animal vn bath sides ea that v hers
vfll be able I.0 identify Lc ~ taa. fl. <auld also be n foe to incl<>de the
came af  he: "scfentfet" wha drew t.tie ffsh.

Ron twine, ar nylon. manaf flaunt  neaz'ly invieiblr ! through i<a places
in  he. tap af  he. onimal and hang it fl'om the cefl].»g. ar alan' rhe walls.

Stud@»te ran begfn, work by dx'avtng an autl t»e af their nektari as.
lax'g,e as feasfb]e an a sher t ni paper. He: cure each prudent has ~s reference
brcak fn fk'ont. af him as he works tv obtain as mnrh accuracy oe paseibl»,
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Hang the aciimal~ .~ccording � 92he depth ai ttietr natural habitat in
the acean, The children ma.y vish ta hang sehaal a af t.he sarhe f 18h tag,ether.
Iavh te the neigtibera, ta come and have the "oceenu expl.aioed. ta them in
«scientific« terms by th» 8 .ffdertts.

Teacher ttac~krettatt Iaferaatfee tcr the Next fcxcraf ~To fre.

We cen think nf the acean ae 0 Iv! ded raughly, end. uccevenly, inta
three hvrtwaatal layere.

t"
600 f e et . The upper lays:r:

penetrated by sunlight af 6r c reneing intense v wf th increasing
pep h;

-has geaeYA3.1y waar r  emperaturee beeaifee af snnlight penerrac.iarf ~
althangh  empergtures irf the u~~per layer are great]y variable.
 hixrfac.e waters at the puler', oey be belftw freezing while [.hase iaaf the
tropic.s may be 7A F ar warmer, !;

� hae plant['. life because of' the presence af gLfalight;

� has ab«ada.ot snicoal lif< bee.algae at th» cbu.n.dance aE plant farad;

-toga pianktan., wlii '.t> are the "drif era" af the aceaA conisiatinp af
very @md?l plwnte and animalNt which mave witll the currents;

-has mtaciy iad varied current> .a driven by wl»J ~ wsvee, and, other fthm f fer-
e n.t i als;

-cantains axygert churned in by the waves,

The mirJ.fjle Layer, call<el  .be ther@ac EicLe ~ I NL 8 zan.e ai rapi.d f.bacfge.
I  varies fraco !2M ra .3000 feet in ttiickneae.. The  hormnr line has;

-dim twilight ranging intc Jarkneee;

-tap lftEy decreaeing  cmperatures, Ervm which it. ge s J  e defame;

� iaaf'.Yeasirfg prr gsifree;

-few ar na cvrrerfta ar churnicLg;

-an plants;

-reducrfj. en.ical like.

Think ai the nektan dwelJfep. in the thermae. line ae living, ln a we11
defined anne which has ea physical bavadaries. Zt is u, water varld. sur-
rau.nded by watet' ra the tap, battctm, and all sWe.e

The dree t lay '.r, the abye.s, is by far the t.hiekest layer, tanning, fram
the  hemacl tne ta the bvttam, ar ben how The abyssal water has;
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-great pressures;

-very lit tj.e movers'nt;

-no p?atltn;

-animals adapted. t.o find.fng theit vay aroiiad io tot.a3 darkness and
scraoz.ging Eoz food dropped dovn as d.etritos ar d.ead badiee Erojm the
two opper 3.ayers.

gsrfqe life vhich survives in the battam Lay'oz' has had  a adapt to
great caid, extremely high pressures, and a scarcity af faad.

Because af the blackness in which they leave, may animals have
exceptianally large eyeS, Or carry their ave lights, camping fram Celj.s
ca?led phataphares. The light helps ter fish iir trcvertebr.~te ta hone far
foad andjaC search far mat.Ps Each animal has its awn peculiar pa  et'n oE
'Li8hts.

Due ta the scarcity af faad, most. marine life at that 4eptb is email.
Every deep � Sea animal is either a sCavenger ar a predator. The 8caveAgpr
depends on. his farad Elaating dmm frara abave. Meav lieve huse maLLths vhfch
are shaped opvard La catch any h3s>p. available. Others have rszar-sharp
teCth aPd soperlarge jews which can open to cat.ch prPy moth larger than
th emselve e .

Students Seem to take. 8peeial delight in studying these mans ters af
the 3ovp", The r strange shapes sad glavfng bodies are f«n for the chil-
dren ta recreate.
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LAYERS QF KEAN
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AV OCEAN '!OVZE

This act.ivi y, like She ones preceding and f allowing, is guten led iv
givr t,he children a feel ior the major layers of tt>e ocean sod for the life
they contain.

e are ln a svbvari»e with a porthole far viewing life
4'e are <in e vayage ta the bal.tvca vf the Sea- N'ice

f the animal life «s 1  swf'cia by air as ve pass it ori our
tv �e hottam

ested Procedures.

Obtain. a rail af adding machine paper several inchee wide t.o serve es
the "film", or ~vA vf tlL a re'3'3 <if butcher paper stretchecL  hc length of
  he r crom

Have the rhi?dren meke up e titie for  h» lh 1rrr cod put it at the tap,
Depths vf  hr vce«n need rv ha indi@:ated ao the paper at succce8tv«' pgf'».ts

Ditterent grvups vE «h Ll<lY'e» ca» vnrk <in. deaf Eerent sections. Ih»
l !.lz cp» he made in dif ferent portiorrs and r hr.n «edited« t»ta a cacrrplete
eravie. Ea~h Cxame of I.hc mvvf ' can be mande by drawing directly on o
paper vr lay making animals cin co?ared peper ancL then p«st tnp, t.hera an at
apprapriate places,

One group c E s l v3»ct c might. research t.he depths t.v which l Light r eiohes
in. th '. ace«» «»d color the background film accvril J»gly very pale blue at
the beginning nl r hr. movie t v iud< Cate sunl it waters end deeper blv»» dow»
to black in the depths.

Sacrre stud,cuts may vark vn put t t»p. C» capt fans ar rrrarkers at. «fi!irofirf-
ate lr vr ls tv iarH cate teerperatures, preesnres, an3 o hr. L' «h«»yes an the
>'ay dawn. Be sure to label all animal if Ec for <.aey Meotif ic.atian.

Students who are working on anicrral ! 3 fe ca» f»r lude fish, macrrzals,
j ellyf ieh, squirl ~ pl«»kt m, schoa la aE fish, eels, prawns, rleefi sag. eurnm-
ber, shor!cs... ever thing.! Also perhaps v»< i»3 mal eating another Eaz'
survival. The chilrlrr n may wfsii to fn»lude ar drematize  he feportmre aE
fvoil  bath pl@.n.t and animal! sifting d.aNrn from the tap layers arid finally
reaching the bl«rk rj<'ptl>s below Many deep eea animais h«ve j,«mt»eeeent
light argo»s which "glow" iri the blackness., lb» sr«Rents rriuld use aluminvm
foil or special glow-type p«pcs vcL the.tr animals to create a Lumin '8«cot.
eEfec ,

S «rtents may vish ta nerretr  h»lr f] lrrr o» s tape recarder an l show
their eravie tn o hr.C «1«see.s
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SHOE BOX STILL-LIFE DIVPJAS

Campesirig. 3-D Rcenez i» ebae baxes fsscirioted children a gi,.»<L'ar.ivo
aga. Creaeirig. shae box still-1ffe dramas viewed thravgh a "pin hole"
"peep ltvle" have»ot l osc their rhyrne acid c'hei lennie far eiod<.r» youngest.e cs.

The purpose here, as tIRua.l, ie ta get the ztLLdents ta delve
careful stay af the acean and ite contents.

if' draitiia&
n the aeea

~bnii~eseea Procedures.

The students may vtsh to wax'k in gx'vvps, cwv  it t'litho oa each shoe
bax. Neighboriog graLtpe may mark ori ehae boxes depicting nefghboriog ec eciec.
Kave the students thoroughly research what wi.lJ. ga inr.v Lheir box sv chat
sizes w th n a»y nTte box wi lI he ia propartina, and plscemeitt waif the: fig»rvq
will reflect actual relationships in the eea.

Far titc assist.ance of teachers whose youth Joel radar rear.h ba,ak to  he
dg.ya oF shoe box pri ].l,-l if eg ~ a. eltae. box show vari .3-D is made ss follrvws

VL E]9 W] TH COVER ON

TOP v7Ew LMK]N  DowN INTO
BOX W]TH COVER RERI3VE]j

eye

pa j rl tc c.!
si ene

r'vc-k.",, e t p c a 1'i
h=le

c l t   c

peep hale

sky l iphts o t
c i t 1 i ! li h» oe.
reat- of box

Frnitt of box

kept dpi ck ~
no v, i rid aw e

placed
v. tri e,s
Rcspe
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Zt cakea eleve< emipnlating, a. eence af ptvyor tiaa and. placemeee, and
hoofs af absarbie8 labar ta get the saizala aad racks inta tbe ah~ sa that
each aec ta aeen ia a pleasing, 3 � 9 arrangeroeat t'epltcatfng real-13 Ee rela-
l ion 8 hipe .

DEEV OEEAN PIE],JI TRIPS

During the study vf ocean topics may be a goad time to sctiedule a
field te/p ta Sea Life Park.  ,'all ahead fvt' epecial sctivol tour arrange=
ments sad tour gutde. Prepare the atmiente far carefu.l abservat3ac af the
huge reel r.Onk.

The W1ikfki Aquarium has d.leap Lay tanks which shaw E I sh and at.hct' ocean
anlmu,la mac visib! e ta the st.«dents 8ue%ng field Le<pa ta the beach. See
the tapis on Waikiki Aqixg.rima at. the beginning n E this borak Ear arrange-
ments a~d pasaibilities.

CARDBOARD kl'.P RT,ERAIOR EOk

Ka t er tais,

gers !argy;ppp"�rZrea IVY earA .:z l,.'l'age ~z s ' l9." <",%TC ~
iowan or i !.'8 e., z- dr. > 8r.'

�.'4e', Icpuq~ v=e" .n pp,tered 'e &nba, ~i.r4Lp, r.::;;<.'r~ g ~e ~ aa z-r'" ' ee
athc~r ~~ea>I pm-'~e<'.8

group of famaua acranagraphez's, Vau. have be.e~
a ce.rtain area $n t.he Paclf he. Ocean, recreating

e found there Eram t.he su.rEace to the bottom 3e:gt

'Lhia group pro!ect ie der fgned to be need in several ways, Younger
children can insert themselves ptiysically in' o a big bos ta create an svare-
nees ef the deep acean anrJ its life. For alder students the box draws.
tagether 3o ane package e atudy of all thx'r.r. levels oE ocean pine bvt tnt
t.opagraphy,
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Divide the stLI4ente intc wvrki ng pranpr ' .acean technicians y phd'8icul
aceaaagLephera, and marine. liialagiets.

The. acean technic ;res prepare the box, setting i  imp sturdily, end
painting i  jbqtde and au . 'Ale u.pper parLIvn ef the inside can, bL' fade
very pale blue ta re@ '»seat sunlit val.mrs, with gradus  !as shades, dawn ta
bJa,ck at the bat tan They mighL u.se. crmopled paper, ta.pe, ar papir t' e,>»/ie
ta cx'eu e. an ocean. ba  am vith rMgea, baains, trenches ~ and aeamaunte,
r.ich marked and tclen.tified.

The jab af the physical ace,ln.og.raphers is to research the way t'ha bax
can be dlv<ded inta thre» layers. Hark the gppraxima e 4»ptha either inlaid»
oL o« the autaide of t' he hax. Zt may bi a gaad iver a ro exaggera' e Lhr.
vidth af  h  iipper layer ta acanmmndate thc eb«pedant animal li L» ta he
plac.ed in it, vhlJ,e: telesrnping thc bottom layer in v a sec.tian much r>a.r-
rawer than I i! the actual ocea<>, An the aLher hg.ad, it ie af iL>ctru.c:tianal
va3.v '. ta keep the laye:es ia ecele tc their actual depths ta give a visvali-
aatian af th» prepartianal air»s af layers in the real acean. V 'rhaps tva
baxes are needed! Onc dooe in ecele and the ather shying an exaggera[od
C~p layer af oc»an
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other pat.v! i
c~ in el mdf

add j   l f!n;	

et ly]ects
chasf.n by
students

OUTSIDE oF cARDBQARD sax

While the tcchniciene are: preparing, t.hv hnx, the  Darinc biolagists can
laak thz'avgh acean reference baaka for;animals they <t],1 choose to maL '.
Eel L. e: sizes af tt>e anizoale should be caneider '.d and agreed upvn, Encau-a  V.

f sh butrage ae much diversity a9 possible. Kvmf'.m'her ta include. »ot only ffs <t
aces@ maamals and i»vertebrates. A maratarium may h~ve to be called an the
number af sharks ta be displayed ta preve»t the whale aces« fran becamlng a
shark haven!

8epraduce the animaie by stuf l.ng c.ruarpled ~ygper between tea matching
@idee ae. described. Cn the activity far "The Swimmers", Keep at tension af
the students fcfciiged an. scientific detail with cvymprfts such d,s the falloRp-
ing:

-Notltt the. ~she e of the euleef. Reproduce the f true carefully.
Sca?es'7 Spec ill Color?

-Does the fish have a. lateral Line?

The side flay&. and the ours3deg of the bar. f.sn be reed. to ada infarma-
 ipn. an thr phy8ical chaz'a,cter fstics af  he ocean. Far ercgeple, ane t ap'la

f th bag nauld display a chart showfnq tempera ut e anl preesux' '. chanses
the.at descending, depths. Anathe:t' flap ar side: faight show t he var faus dr pt s

which have been exploit'ed by man Ln diving suit, d ! vying bell, submarine, the
1'rfeete, and ocher methods,
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-KLere are the e y es pas it f oned?

-Take c.arefol note af the she,pe nf the maut.h Haw is thl~ i>portent
ta the cut'@oval o' .th» a.oimal~

-Vhat ot.her f eseurcs d.ves the animal t>eve f Dr eurv I vol in the depth
which it fe 1 I ving~

Besides writ i»g, the name aE the aa.iLmal ere both sides vf 1 t, ~ s 1epend
could bv developed an one vurside part of the box tell,log. some special
gesture about vacli soi~l, as we?l .as ite. rrseat'oh artist's name The
biolvgtsts might use a ~iaz't  on of the a@teide af the bi!A to portray a. ~vv<l
web, indicating wlio eats. whom among the animals "swimming" f 08 f4e the bax.

THE FOOD CHA t N

WHO EATS 'WHOM..

Vlaokton

Smelt

ckeri'1

llano each evimmiag animal at. f t.s appropriate: depth by nylan J.iL~e~ t>vnp
fr~ the ceiling af the box. 1'bread the line on. s needle >r~rJ. poke the
needle up tllzouph the tap o t the box, theo dawn agaiL> 3 n another epos,,  yii>g
jC securelv,
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RnlJM3ING HY S'f RINGs

Zn t.lie deye before echo soughing, s,lilors relied vn a j,o»g, rope with a
+etg,ht an the end t.v measure the pep h of water. TILe rope had keats t3.ed,>t
regLLlar intecva.ls ~ which vr re about the lengt!i of a sailor's au st retohed
arms... six Eeet, Jl>ts six-faot length was called e fathom. The rope
was thrown overboard and thc number aE knots cvvoted indicated  he slept.h af
the wa er Many naviga ives' charte are efi11 marked in ia l>rvrae although
taday the fathom has been largely t'eplaced by me x'1c measurement.

Maps af land areas are called maps. Nape of acean areae are called
charts., Ff»ding. the dept/i of the ocean by s ring,e ar by echvee or by any
0 ther method is called soun~din

.'l0. te r i.a 1 s .

>e bottom vf as>»oc:ean floor" u.si»g, the al
ding +i. h a knotted twine,

Create e rugged "ocean bottom" Ez'<m books, boxes, bvi.ketch, etc. with an
"acean." abvic'. tv 4elineatcd by <leaks end tables ds shown in thc dlagl ~ira
below The shorelines oo bath sides vL the acean are  he rao facing edges
af the d 'sk&,

h «»4

haldPz'epare the marks»g, string as fat].ops
live a length vf card ar twine «boiit six
lncllee longer than tt~e distance from  he
tap af  he <leaks ta the Eli>or .  This is
the depth af the'. ocean.! «rk.;

Tie a f Lsh<ng weight. or rock ta the
bottom en4 aF the s  'Ing. MARKED

STRING

With a merking pen, mark Lhr s  t l»g
at one-inch bxtervals along its entire eight

Place two strips o  masking tape along botlx shorelines, I., e, the edges
of tt>e desks, and mack rl>em at tvo-inch intervals  or lv»ger intervals if
you choose!, l'i>ese points serve aa "parts oE,llrival and dcpar uz'e" for the
ship vhirl> will sail «cross the ocean,



Elawai i Nature 5 ndy Px'0!eC.C
Reef and, Sliare

258

lang'.tL, Each mark o4, i.b.e string can x'epreeent a ceelsiA number a~ fat.hams oz'
Feet ar me.ters as. the elaee der J '.eg � fath@ra - 6 feet or 1,83 metces!

Prepare a yards ticky Qt' Dthbz' Inn' stick marked .st four-inch in uz'vals
ta rcacti acrase the "oct;i»" between tb;c de.eke

Ol Rugged, ocean bottom crc,lied by a jumble: ~il large it>ms,

QZ ac@en,

0 Stnden 8 desks ar tabl 's serving as et>oz'el ines a5 the vc v4.

Q4 Maeking,  ;>pe marked ai.  ~<>-inch intervale. end. labeled i'vtnte A, B,
C' .~ eLe. ta indicate paints of atriral end depaz'[vie of the ship,

p~ Stick laid scrape t.he surlacc'. nf the acean r.a g,vide the passos,e
acrvss the water. Pviete L, N, 8, 0, etc:. are .'our iver'hee epart
end from each af t.heee pal»i" .~ crept.h sound l»g, ie Leken.

Q6 String ~eked at one-inr t> 5nterva?s and. weighted at. th» end, used
 n measure the dJ etsnce Pram the. chip aL the s.vx <nr: e af the ocean
dawn to the irregvlar ocean flaar.

Begin wurst by laying t.he: stirk between n  h '. twa deske frmo A La A. Th<
stick reprezenLe the slipup'e course ac<ace the ocean, llrap the etching fram
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paint L. end caught hvv maIxy inches ar marks it goes d~n until it touche a r.ha
l frat obstacle vn the bottom. Hernrd thee die MTICe aa graph A-A, See
diagram bclvx-

lvve the string tv point 8 arId again c.aLInt ha@ many nate'.hes it goes d~L>
che bet tv@, ~ark this an the' gz'ash and eo vn across the e.nt Lr< ' v< eorm

'Jnti ' t hc' o lter "sIIare" is ce,ached.

.'5 Make.' i»>e graph f vr each passage
aC r nss t he vcP.;'I o Thi s a amp i <.
graph slLova sau.ndings m~>6e vheo
tlute stick vas lv<d 'between parr.s
A-A. As ihe string s-as <]cvpped
Ervm points L, M, 3 ~ I!, etc.,
the distacLc< I o the bat.tan

markel 'lt the car rc'spo>sd iog
pl ac:e arI the gr'>ph.

� I

L' J;hi a c:completes  .'x'noh A-A
Aov begirI arIv LIirr graph papt r I. o record saorIcl 1 oga takerI as ttL . 8hi p

eaves i ram pvx'ts B ta E. Mate rite yards t [cl-  o span the d I stance between
paii'It'.; 9 and 8. Droll gl>e s ring LTI I vrn fram paints 3,, <, 8, e c, ~ ~esaIIr-
iag ha+ many li>r:hes ta the bvcc.nm fram each pvloc ~ark  .:raliti &,-B far each
svgndinp,

 NOYE; 1'h [8 IiIethad af sunncl n.p. depths pz'c'.+eIxta an cppvr vent c.g t.o dis-
cuss Samuel'.1 Eleven'a peri;mme, Nark Tva GATI, What might il>e oorIImand "max'k
tval»n mean ta a sailor os board a delilah ao»nding ship~!

Se»;1 the ship ac rvs."., the acean f z'vs ports. C ta 6 ~ 9 ta D, etc., drawing
p.raphs. C-C, P-P, etc.. f ar each p~aasag.e.
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GarLnecr the sound,tnt depths aa each graph to give a "silhaue[.ce" af the
shape of the ocean bottom for eac'.h set of markings,

Next ~ cc~t each graph with a Scissors a! aug the s?ihaiiette or caetacir
line. Rave the: battam paz't cf the gz'aph.

Give the bottom af Graph A-A to a piec'e of cardboard sv that ft stands
up, Twa irccheS behind it, g,l~e the bat.tom contaicr af Graph B-8 sa thai. l.r.
stands up, and ec vn The boctpra af the aCean ie repradciced by the series
c E S Caadirig graphs.

Graph A-A is cuc acit along che cont.vu.r
1fn.e and gl ved sa t.hat it ata,ndS iip-
right Craph JJ-R is cut avt end pasced
to starid op behind it ~ and so oA, The
resul C shave t.he contour O f the ace:a~
bottom.

hPZCIA1 SHALT.ZNGiE, Have one. team set op aa occam bottom an>] put e
dark cloth ail around it so the shape cif the boctam cannvt lie seen. Another
teem comes ta sound the depths, caking mes.surements by "feel" o E vhen the
veighted string s.trikee bat tom. Af tet they have r:ampleted sll at their
soundings and vade clleir paper replica of the ba t trna ~ take the ol nth away
arid see hav we'll their replica depicts the "real" bottom,

SO,'ETC RAVE DEPTH RECOPDlKCr

In the previvus probe.rm, the students '>sounded« the ocean bottom by
dropping, a marlsed c.ard, as was dane fn. days af yore. Modern technology
"aauxlds" 'by timing b'av long t 4 takes an el ec' tron ic beep to re.;ieh the ocean
fimps and be reflected back. The fal laving px'0blem develops the basin idea
that tz'g.vel ta and fram a descinatiaa cue he u.sed;is a measure nf distance
The «travelex'", in this iase, is ~ot a sou.nd wave but a team af spy«lents
]oggJng ta and fz'om a given point.

At the end vf this activ1ty, students vill not be qualified as crew
me@bere aboard ari oceanographic vessel, but. t hey may hsve a general idea oE
the bas ic'. principle involved ie sarcic depth record l og

Fz'om this act iv1 ty the scvdeate mkgliC move vn co a study nf t.he t.ope-
ra h af the aceari bo Crim and learn. ebaut see mau.rite, oceanic move>tain

ranges, and other features. 'Key might also go oci to learn gbou.t mar< m nd erri
caechads of svv~dir.g, ocean depths,
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BANDS 2, 3Pgobl em 1. 'l'THE AS A MEASURE OP Dlh'LAME

Materials,

me be vsi'.d aR a measure or distance.

c:e ta  he: cicean f ivor be measured by this mcthvd~

~/I L e s t. e d P r v c e i 1 v r e .

This act.ivLL' y ran be dv»e by teams vi students wvrktnp, separately, it
can alsv be dane by  he class as a whole with a few members serving as the
jciggers while v hers time  he acti«n and dci the calcul,< ioris.

1 Measure vEf a distance ici tbie schovl yard ta svz've as a base Line ~ e:,g
20 vr 30 meters.

2. Have eeveral childte», the "i.ct>a 8«unders", link arms and jv9 back and
forth aver t.lie base linc several times at. an even pnme A team with
linked n.t'nIs tends tv keep a stead Ler pace tha» n. I orie rvnner.

Calcvln e t.he average  .Rime it takes t.he jag,gers  ci raver the kevin> dis-
L'anne This 3.s their rate vi epeed, e.g, 30 meters in, LO sec orids eal-
cula es ci«t to br t.hree metere pc. r ~pcood.

Selvc   an «b !erat af v»known distance, e. g,. a tree «n the far sid» v E the
I.'ampus bU t. wi  h l o visual dis anre «i tbv g 'ci'«p. In this. vase the tree
represr» t e the arear; bci t.n«m.

6. A<vide t.he t ice. hy two. DLaevss with the 8 t.iiderits why  he r,ime is
halved  The ]aggex's r«ver the d.istanc.e twice, ]ver as a sauced eave
from a ship goee t« the bv ti>m and then  'etvrns, chavez't»g, che die.tance
t wicC

7. Calvulate the distance by aiultiplyirig the raie cil' speed by the t mme ic
took t«covel the distance orie way, v.g, iF the j«gee:eS to«k 39 secvLidS
to wacke the r«und. ir'ip t« the tree, then 30 e 2 - 't5 seconds tv gci orie
way. L5 secorids x 3 meters per eecvnrJ. 45 metr rs, [he distance ta  he
 tee

5 Have  he «enha saucLders" ] og t« t.t>e selected vb jert and back voce, while
 tie ochers tine  he Cr pelf «rmaiice
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S tide it vork in eacyclaped&s aocl other reEerences can bring forth
itiEarmatian oii the speed of saund in vatcr, arid !  .s variatiao in speed
with d off et'ent temperatures, decisities, etc,  This is. rr prei;ec>i eel tn
vvt' mociel by s?ight chatigea fn tl>e Japgers' speed, !; wlet Sl!NAR means
 Sound Zavfga ia<i Raoging!; what kizd of saunrl wave is sent aut; th i
kinds «f sharps vhich da sanic drptti haec'.ardinR,,' vhat would, happen if
the vave bauciced of F .s whale ar a svbmat'! cia; etc:., etc.

OCEAN TOPIC RAPH'Y

Topography meane tlie mapp3. ig ar chaw.t fng Ln detail. of the physical
fr atures of a region fn a vay vhlch shows relative positions at<d e3evations.
7he thrust af this Jtive6t fpatfaci is not tc m ~attire t fats af new wards and
their d,efiA tfo»8 bu.t ta experii:iicc ar ee � c'.reste t.he tapography of gabe sea
floor through games arid oat ivities.

Cbaoae ciIly ane or two siiitable activities l t'nm among the failm<ing
problems sod games. An abbrev].a ed set of vocabulary verdi; a»<l background
information is gavel at tbe end af the tapir as i» irittial aid ta the te.diher
gati get. fag et.srted. Books and ref@re».aes bro<ight in by t.h» st vile»ts for the
proJ ec t c an augment this beg?»».t»8. inf ormatioii.

BAt [!S 2,Problem 2, 0 ;EANING MOUNTAIN RANGES

The longeet mn<>iitain range in thC world 13 es under the vcean,

Naterfale.,

-Rs'"'c + rr cistern .Mpo ac' g4p ec.ergn t~a.rr c,Veil.ac,'mr', gpgqwr '<''r.' a o,.ice. 8!
-v".f.dea ow ~verhce. e~ap~t.e i' ap '~a&'e

tain range tha t  au.alias every acean. @ha 
Etna fot' it as it travels fz'vm ooean. ta

in height and s<zeY

Discuaa Kith the sCvdeets hew a eauiid vavc

tom af the: ocean and back is. like a ]aggez'
if we kn~ the speed af sauna, Ln, water, ve
to the acean brit tom by mciltiplyirig time af
RiS aCiCe times the speed af sauteed 3a voter

s~.n  from a ship to the bot-
go3og to the tree and back.
can calculate the ditto»Ce

the: Bovid wave ta cover the..
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Sot.t.le �» st vs!PnCS 1~> gt'nnpS az'Ound, voelR mapS vE the vcean:inar.

An apProprl.ate: pl.a,ci tv hav<' t.he studecLt.s begin to trace the oceania
maun Lain ranges ia the rdar Lhern pareiort nE the Nfl � Atlantib riblI3e where j,t
breake the strriace af the water iarmirdg the Icelandic Islands.

Not.c the cantinuat Ion vf the mountain rarrge dotard the North and Saut:h
At.lannie, past t!>e Cape of tsond Hcbpe ~  nto the %nubian Oc.eaIx, qn,
Zealand, then east ta Cape Harn, and f frtelly upward ird the eastern Panf F c:
+herr Ii t x'uncle landwaz'tj Sntv the C:vL.f vf Cal L.vrnia.

'I'hP ~nlllle»tZ night Cocb.,  Ver»at' Onl y Vartal j a»S t» I hP Lntvnl he Igttr
af the ridge measuring tram the acean flaar, bvt aleD its varying dept:ha
helnM che s»rF;sd:c=  '.o»ehdjet';slav the Secondary rhblgeS epreadi»g vuL tzoTO
batcI s lees vf the center "crack",

.problem 3. 1'HYSZCAL PZATlRES OF THE OCEAV FLOOR BANDS c, '.i

41 t P. r 1;I . 8

t t.apagraphic.al feattir ea of che ocean floor.

orhave ver else yore c.arI about them

Su d:s i c'.0 8 rv c C'Bur 'S,

This lnctval ]P'tz'nt»g int t~< ty mtgIbt be 1>ut'8»ed 48 8 g bee, tie'rc v,rC
two genIing ideas wMeh might be useful.

Gsse Z. ttdvsl Z~xlorer Garou s: bet eecb droop af students be s proup
vt +xliJveezS f.ron t'tv->1 eov»t t <P8 az t'oval. CanIpa»!ee, 'Cli ' gx'vv]i apl t.h
t.he beet. knowledge af t.he sea f ZDar is in the best posit.ion. ta .urt.her

b'I:I I I 0>'I'l l 9   ]llJgtl'Ieger ca~ige See wlIiqh leam Can. srhtebde 'be>t'

acquaint.ance wit.h th» names ~ loca t Kans, and types of oceanic trcrtchcs,
r fdic.es, abyssal p'l aine, canyons, etn Ycdn wish t 1 im  t t he gnome: by

Older st.ud.ent.s cony f l.rId ref crences In the nevCr c'ncyr Lvpedia.s and in
nrher referd»b eS In pl.at e t.eCtnnizc ~ The»aplhtt.tI>g," nF the ocean. fil!of,
plate zavezerIts, zagnet.ic revereale, and other re?ates acearI flaar tDpagraphi-
r.al fin.d TIg.s cbn which Lhey can report
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so 1.ek-.Ci Lg only ceitaf.ll feat+res to be i4eotified, or cCrtaia areaS of
ocean tD bo explored. Inverdt a. prfre oz award or adva»tape far the
winhf»g eau.o try ax bnsiaegs,

Game 2. Oceanic Blnio: An unmarked chari of che ocean boicoii ia spread
before each team�F~ch team is sup@i feil with smail cards. Oo each card
ie writ en Che rename af an acedia bottom feature. As the teaicher, or
leader, calls out "gu.yet", ar "trench", at c, the players pic .e a rlacae
an the chait, iA the appropriate spat ~ The winning  earn is the ane l=3.th
 he meet features correctly covered.

~eke Up rUles, add and Subtract garoe features vh3.ch make th» gaole euit-
able to t.he. v lass which is playiag.

5AHB9 2, 3Pz'emblem ' . RZPRODI3CING THE l3 ',FAN FLOOR

Naterials,

Uciog floor from clay OE' papier mache,

ae marly feat.urea as possible,

ppciill t and?abel t.hf ch I L' 

Su ester. Pt'ar:edures.

Raiding a three dimensional raElef may fram a char  printed in tvv
d,imerlel�»s ran tax the ability nf the students ill Veadirlg. ardd undCrStaod3ng
charts arid irlterpx'eCins mlarkioge izdicat f»It, depths and elovat io»s ~

Thee may be a. Cask far a fee etude.h a Cad pursue as a prospect as they
have. time 1t fsay be a teria for the entire class, eel.h g,romp in thc class
feMYking an a df f f e.red.t por tiorl of the oci 'aA f l onr .

Teacher llarksrauod Iofarmati�»

Tile ocean floor icao be: fjivfded inta thrr e pa.t 8' the cantinentaf shelfy
* "J.

The dried, x'el< ef eflap cao be painted, 3 o appropriate colvre ~ si>ch as
'light b?ue an higher elevatiards, black fn deep Canyans, red +here volranias2
ie act Ivan', etC, A legend carl ample i<l each calor.
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$�thg, elf the totel sea crea or one half of ttle earth'g Svr Eave,

1]le  '.nnt i nenral shelves border most of the earth 's continents. They
average 75 kilometers �6 miles! rid» axxl are  he ghal liest par t af  he
acean, s].vpl[ig g '.>illy away fram the share to a depth af about 500 feet.
%unlight penetrates the water and the aria ig riot! in p]Net sad satToal liEe,
Sere f ish Live hCre ChaCb any other part af the acean. The ice age, silt end
ez'Os/.vLl 1C le t'<vers, and the surE all helped ta shape the aholvvs..

The shel ver; pl verge gi>dd erd ly inta the cantirlen ta 3. saba e s. At the bat taco
of the slopes aceenagrapher B have f ound. deep gorges aors c a~yang, Foley ~et'e
believed ta have 6een cent into the slopes by powerEul undersea avalenchee
d.el l ed r«rhidity c urrentB.

The deep afeard floar begins at the fvoc. 0 E the caetineatal sl npeg�
Although some t.rend.has lcL the floor are mare than seven miles �5,0%i feet!
f leep, the average depth ia tva and a halE miles, hll peaks ~ ca»eg, x idgee,
and f:lif f s an  he octagon ' g fl oar have been preserved. unchanged, Instead of
being varn. evay by the e?ements, ae they would have been cpa land Hen. .e
unde:eve   r mvuL> 'aloe 'have steep sides as well as geatio rises.

VacabiiEarg.

Dee Sea Trenches ari' usually shaped'1 in a deep, narrav L'. A11 ere near
Trenches mark the place vhea'e: a plat.e' «f nwvlng. ocracy

f ioar dips under th» edge: 0f a e pntieent. I f a trench is near an
$a J,aTld aha l o ~ t.he t.reneh is aa the ocean eid.e c f thC islands. The
Mariana Trench En the Paei it Ocean is the deepest � about 10,915
meters �5,800  e e [ !-

Prar  ore: d'wfieg are f.revesses at. right anglce. to a ridge,

5c.afncpvnts alscd celled gee krdolls or ab esaE tii lls ~ are l gv]1 ed movA-
tains that dv cLO  z'each the gfsrf ace aE the see.

~Cu et tpronounred ghee � ah! is s flat topped sesmaunt or submarine
va l c ana.

Submarine Carl aos are z'e.lat iVely narrow sea veEleys with high, steep,
rncky wall

Deep Sea Faos are underwater  'quivaieh g  a del t~g cpm 'I eofi

Abyssal Plaios are deep, flat areas aE cream bnttne f'.overed with cdcdze.
 !vga ig a c:cpmbin at iard af the remaine oF dead p lac:ts aud ankToals
vhfch have died ln the ~at:e:t' a.Ad gett1 ed t.a the bottom plus va?nanic.
d«et, ash, s fit, end cavd.
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