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THE HAWAI{ NATURE STUDY PROGRAM

The Rawali Narure Study Program is ao sovironmental acience education
program for elemeéntary students comprised of ut=of=door, acticn-orientwed,
prablem-selving oheervatlons and inveetigations about the natural and man-
made enviromment of Hawali.

L
The Rewaili Hature Study Program uses the methodology and language of
seilence. It fies as a local Hawaiimn portion within the larger scope of
any atandsrd selence currlculum. Classroom teachers alao uze Hawall Nature
S$tudy activities in comjunction with art, music, macial studles, crafes,
and the language arts to give expreasion to the human, artistic, and commu-
nicative aspects of envirommental topice.

The goals of the Hawaii MNature Study Propram are Lo promote in elemen—-
tary children swareness, appreciation, knowledge, ynderastending, and wvaluitg
of the environment. Great flexibility is provided in thak each topic i
preaented at three BANDS ur levels of difficulry. Teachers are encouraged
to select topica and BAND levels approprilate to their grade or alinatien.

The printed materials of the Hawail Wature study Project ronelst of:

1. a PROGRAM MANUAL, separately bound, which containe a complece descerip-
tion of the program aod 1ts goals, together with an explacation of the
BANI levels, suggesated teaching acraregles, teaching alde for managing
campus and neighborhood investigations, data analvees, and aktudent
T#poOrts.

2. TEACHER'S GUIDES divided by subject into #ix books entitled PARTS OF
PLANTS: INSECTS: SHMALL ANIMALR OF THE SCHOOL HEIGHBORHOOD; 5011, WATEE,
ATR; MORE FLANTS; AND REEF AND SHORE.

RELF AND SHORE

This Teacher's Guide on HEEF aND SHORE is prepared to glve teacheTs
ideas [0t activicies and investigations which Kindergarten ta Grade £ atudente
can pursne in the field and in the clapsroom=laboratory to leayrn something of
the ecology of Hawailan shallow water and shoreline dreag,

Section 1 of Ehie book iz devoted to general procedures and advice
about arranging field trips, setting up aquaria, and ather polnta useful in
managing etudies about the reef and the share.

gection ? 1s & series of specific marine toplcs. Each toplc hegios with
thoae which are aimple to do and require kitrkle background, &nd progredsea Lo
thoue which are more difficult or vequire previcus atudent experience.
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Problems:

Fored problems are stacements amd quémtions which can be given to
atudents either ag they are, or modified, selected from, augmented,
or reduced to fit prade and interesr level.

Boxed problems ave accompanied by Suggested Frocedures and Background
Toformation which each teacher can use, ordlfy, expand uvpon, omit, oF uwae to
Buite imiividual needs. Ses rthe PROCEAM HMAWUAL for further advice on the
initiation and management of laboratory problems and daca, scleatifdc repart-
ing, srnd students’ totebooks,

Eefore getting into the investigations on REEEF AND SHORE, pllot teachers
have found it advisesble to establish two impottant preliminary sttiltudes
with the srudepts. €1} Recause of the fragility of the marine ecocayetem,
ztudents need special reminders about conservation practicen.  (2) Because of
the sensitivity of students toward 1ife and death cocurrences in matute, stu—
dents need a preliminary discesslon about predator—prey relationship and
abaut high mortality rates amonog highly prolific mwarine animals.

MAHALO

Kumerous persond have geparcwsly contributed to the compllatien of thias
book. Jayo Makagawa, a fine arts graduate and Technical Assistant to the pro=
ject, has been the REEF AND SHGRE layout artiset, final-copy typlsc, and office
manager. Barbara Culliney, whe has a Magterg degree from Serlpps Ionatitution
nof Qceanography, has developed Field tested, and writtem the sectliona on Sea
Anemones, TCorals, and Crabs and Shrimp. Dorothy Buddemeler 13 an elementary
teacher and reading speclalist who toock on a fifth grade clase in scilence in
which zhe developed, cless tested, and 414 the ipitlal wrlting of the Deep
Ocean toples,.  Dorathy alzp gerved as [leld congultant te the pilot teachera,
spgaloting them with the testing of the drafts.

The pilot teachers have lahored throwvpgh the rough write-ups of REEF AND
SHORE, trying the activities oo thelr classes and glving vwaluahle Teedback to
the praject on thelr findinge. Contribetding ¢o an all-day critigue session ac
the end of the test year were Yvonne Toma, Sister Juyce Marle, 35.00., Dorathy
Wendt, and Kathy Chock, along with the staff persons mentioned above. Further
valuable contribucions have been made by Magdalene Cambra, Dennis Kewgmota,
and area graupe of pllat teschers at Kipapa, Wilseon, and Kamileoikl Scheols.

Etaff time and sfficiency have been greatly augmeted by the expertize
and gentle patience of our fizcal officer, Myrtle Yamada.

In addition to finenclal assiptance and pervices rendered by the Hawaiian
Academy of Scilence, numerous Individoual Acadewmy scientistys have besn graclous
and helpful in reading and critiguing the manuescript.
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1. FIRST YEAR OF REEF AND SHORE . . . AND THEREAFTER

This bowk oo REEF AND SHORR, like other Hewall Harure Study booka,
locludes problemg and activities for uee acrosed a apan of sSeven years:
Kiopdergarcen through Grade 6. It 1% noc iikely, nor sven degitable, that
any on¢ clase or teacher will cover all the REEF AND SADRE axperiments in
any ome yedr. Eealdes the sheer volume of materialg and the Eime Involved
in doing them, REEF AND SEORE toples gre somehow mors "frightening” to ger
into than experimencs gbour caspis plants or insectd. Even experienced
upper level teachers spand their first year of marime etydisa “stumbling
aroutid," trying out what will wark for them and what will oet, finding
which lacation in thelr classroum Eives the begt light and darkneges for a
succesaful marine cank, gradually Accummuiating lmowledge of which shorelines
within reach of thelr schoal yield the best specimens and what kinds.,

The first year of gerring Inco EEEF AND SHORE studiea, regardlege of
grade lewvel, needs a lEght touach. Keep in mind that interest and stimu]a-
tiim are prime goals at the elementary level. The ehildren will not he
required to take a Ph.D. examination in marine atudies at the epd of fourch
Erade, not even At the end of sixth grade. :

Ideas for Pivat Yesy +f FEEF AND SHORE Studies (any grade lwvel).

Idea #1. Do those experiments which do pot Tequire an aquarium. Take che
tople oo salt water, bulld che "bilg box" of deep sea animals, mount
¥¢a weedd, bring inte the classroom ooly those animals which can be
maintalned In a shalluw pan for a few dava, such se hermic crabs.
Uoit having an aquarium. Even omit field tripa excepr perhaps a erip
toc the Waikiki Aquariam.

Idea H2. Build and maintain 8 classroom tank {Sectiom 1., Topic 5%. The
entire year's work can congiat of making gimple chagrvaciong and of
learning how Lo keep a rank golng witl marine invertebrates. This
could be begun by the teacher with the students looking on. By
Gctober the srudenta ask to "help.™ By Januavy they have taken over
the duries of feading and fafntaining the tank (with paricdic disss-
ters and need to start over). IF nothing more happens duriog the first
¥ear than engeging Intereat in and learning the technlques of main-
taining a salc tank, the year has besn well and proficsbly =mpent.

Ideg #3. Prepare for, and go on several Extended Field Trips during the
gchool year. Flan agenda of things which can be pursued st Fhe beach
without bringing anything back to the clagsroom which requires care.
For exsmple, de a tidal pool Sutvey, Sfudy the shoreline land plants,
gpend a day, ot & week, working on ges weads, survey rooatlen in ne—
rites and periwinkles, chase sand crabs. Clagdtoom work, withewt a3
tank, can consist simply of prepating well for the fietd trips and
making follow-up Teporcs.
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Ildeae for a Second Year of REEF AND SHORE Studies.

Ides #1. Hawve another "first year." IF the prévious year was gpent doing
non-tank topice, this year set up and learn to maintaln & tank. Or,
if the First year was spent doing nothing but learmning how to maintain
a taok, then do nop-tank experiments this year, or do extenalve field
trips this year.

Idea #2. Build on the Interast and limited ezperiences of thg flrat year.
If the firat year was spent simply learning to wmafntain a tamk, then
this vear zelect some of the problems oT cxperiment on lnvertebrates

wging the clase tank.
ldea ¥3. Try a potpourrl: Go on one field trip; do some of the class tank

pxperiments; take some non=tank activities; select the vaglert parts
{BAKD 1} portions of many different toplcs.

Tdeas For Subsequent Years of BREEF AND SHORE Btudiesa.

Try any of the problems and topice in this Book for which the claas
shows the rapabiliciea and interest. In upper elemencary gredes encouTage
gtudenca to initicete problems of thelr owm, and deslgn expetimentz Eo aNEWEr
thelr cwnm gquestions. Work for greater preficiency In antebock reparting.

Ideaa for Vereran HEEF AND SHORE Tcachers and 1asgses.

In primary grades, vetéran teachers can contlnwe to lotvroduce Lhelr
vouthful new classes to gimpler activitles and care of a tank, doing the
canier vhaervations. Primary children may mot get into amy of the Investi-
gations beyvond the observatlon level. They become very unhappy when their
animals undergoe eveén naturel death.

Upper level elementary beachers who heve done REEF AND SHOEE activities
for two or more years and whose incoming clagsea have had introductory work
with tanks and simple experiments, will Find appropriate challenges in the
EAMD 3 problema.  BAND 3 experiments oearly always requlire some background
elther In tank technigues or experimental design oF bath.

Upper level teachers may get into those experiments which raguire
mathematical work such ar determipation of percentages of galinity in dea
water, calcelation of how many grame pf food intake produces how much
welght zaln in Aplysia, The lget gecticn on Deep Ocean offera pointe of
departure for getting Into encyclopedia and library research on topica
heyond cheose outlined in thia beook.

Studenca who have gotten through moat of the experiments in the REEF AND
SHORE hook can aove oo to dolng scme [ield work on their owm, finding Further
marine orgatizme to become acquainted with. They can become adept st tmnk
maintenance as well as at scientiffc experimental techniques and Teporbing.
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2, CONSERVATION

Congervation iz defined by most of thoge profesalimally engaged in {rs

practice as the "wise uze" of our patural resources. The "use" parct of the
phraae aliows vtilizavion of our rescurces, while the "wisdon" part regu-
lates and controls thelr depletion with an €ye toward survival and usage
for the future. .

This eéthic 18 conuistent with modern Western mentality which sesrs man

as the mester and the steward of nature, the power respoasible Far the
world's productivity, protection, and well-bedng.

Thare are other views. Semée Eastern Philesophies see man as the PERT

of orther living things, as a co=being who should neither harm nov explole
univeraal life of which he 13 3 part. We read in Amecican Todian iiterature
that the "land™ 13 our mether and we are shaped by her, not vice yersg.

Wharever the phllosophical approach, the practice of vonservation

copes dovm to a few dlcca which cannot ke brushed azide,

1.

Every living thing, 88 well am not-living thing, hes a place and Fune-
tion in the balance of exidatence on the surface nf thia planet, whether
or act we bhappen to koow what 1ts precisze piche Is. "Everything ia
connected wlth everything elss.™ "Evarvthing aflecrs everything else.™
Degtruction af onv specfes, uselega and unimportant though that species
Wiy B=em tg our ignorance, can have wide—reaching repercusaions.

Hatural vedources are exhaustible. Papulations which drop below &
critical threghold cease tuw reprodute and the &pecies plummets finta
eéxtinction. Enetrgy resources on earth are oot tepewshle. Extirciion
af T{ving apecies and exhaustion of oon=1living resoupccs are patural
procesres, Trilehiltes went extinct Befure man appeared on the acene,
Volcanoes apew noxious gases into the air. Heverthelass che apeed with
which man, especially 2fth cenfury man, is destroylng or walng up
extant life and resources s mstronomical compared to patural processag,

fince mwan iz an 1atelligent being, he can, 1f he will, desiar from
extinguishing 1ife and ¢xhausting the resources of the earth. Man can
practiee conservallon withogut denying himself 2 {ull =nd enjoyable life.
His% remsson Fur using resources wilsely may be an fdeallstic appréciation
of &1l that nature has and 1w, or it way be a realizstion Lhat oup
tokorrows Wwill be poorer unless wisdom regulates ugiage of our gooda.

For vlementaty children engaged in vieitdng reef and tide paocl areas,

con@ervation comes down ko a Few simple practicalities,

—Da vigit the reef or shove for study and enjoyment, but when you
depart, leave the area the same, or betfer, than you found ik,

—If you turn over a tuck to see what i3 hiding undér ie, turn the pock
bBark again when you are Eipnished leoking., What lives under the rack
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may Sepend Far guryvival an the kipnd of wmicro=habitat on the underaide.
+T1 wou plek up plants and animala for cloger viewing, diaturb anly
lhe f2w you need to look at, 1Ef you know a species Is rare, or 1f it
seems to be, deo pot disturk i1 at all. Just look.
=1f phservation and investigation require detailed or prolonged study,
amd 1f your ~lasza tank 1= adeguate, collect and bring back ta classe
what 1s necded for study. When the class zcudy 1s findighed, return
the 1iving specimens to the reef whence they came.
A Sheller's Creed, publiahed by the Hawailan Malacoleogical Society,

was capposed for its shell collecting membees. The senbimencs expressed
in the coved apply equally En all our reef and shotre actiwvities.

£

-.r.!' T

#-.. Sheller’s
1 Creed

=l g B -*Hi

-

The wild life and naturai resources

P of these islands have been entrusted

— ___I_—_.-i f‘ to me for protection and preservation.

Whether I wish it or not, | must

/' account to the future for my handling
of this wealth today.

,:F') If I enllect shells, I will do it consarva-
tively, recognizing that destruction of the

marine hahitat, hy whaiever means, is the true

enemy of the sea and ita creatures.
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3. FIELD TRIPS

Definition and Types.

Excurdlong Eo the shorelipe for the purpose of observatlon and study
may be brief errands to z beach ares to accomplish a specific task followed
by immediate retutrn Eo Achool (SHORT FIELD TRIPS), or thay way bg half-day
ur all-day clase events {called here EXTENDED FIELD TRIPS).

Valuea.

Extinslve and repeated firat-hand field exposurce are a pesrleas
vehicle for building knowledge about and sensing rhe beauty of the real
world in which we live. During well=planped field trlps students engage
in group Action, form eovironmental attitudes, collect sclencific data on
aapigned problems, and enjoy the arclstry of nature.

Lasting impreasions and life-long laves sre engéndered during field
tripa (including field crips whilch go by che name of famdly ocutings and -~
capping out). As adulta, we can recall thet many of ocur most vivid and
Fruitful lessons etemmed from early "reallty experiences” aa opposed to
thoae whuse sole oripin was descriptive remsding or passive listenlng.

By means of field tripa, students relate B clasercom activity to a
local reality; they mesoclate the discuesicn coplc with the actuality af
ocean, shoreline, and veef. It wonld seem more effirient and vocemplicaced
Far A teacher to be provided with specimens by a fleld ¢onaultant aseigned
to the special task of providing live specimens to clessroom teachers, or
£t haye the teacher slcme or with a few helpera collect Fhe needed materlals
for rlass work. But the goal hers 1s the education of the students and
that goal 19 hest accomplished when students see, [ee], and experience
living specimens in the shoreline habitats of those animalw.

a4 fleld trip can be a valuahle Bociclagical iearning experience,
glving practice in group plaoning. group coopeération, travel, esating out,
and public "behavicr". A8 murh a8 poasible, the atudents should share in
preliminary planning snd management of the Celp ag well a5 In reaponaibi-
litien during che excuvslon. & good rule of thumb herce, aws elsewhere in
teaching, is "Never do aoything for the otudencs which they can do for
themeulves." Even small students can aspume small respocailblilities in the
preparation and conduct of a treip.

Times and ¥umbers of Field Trips.

sny tIme of year is good for a field trip. Arademically. the moest
ugeful time ig when & set of problems s wnder atudy which needs field
data.
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Fleld tripe organized early in the school year usually yleld greater
learning benefits than those undertaken for the firat time in April or May.

Fegarding tumbers of trips per year. 1t would be ideal to be ahle Lo
hold all REFF AND SHOBE clasiées oub on the reef and aleng the shote! We are
]limited by available facilities, time, coscs, trangporcation, and the sche-
duling zad needs af other school gubjects, bub we can aspire tu Lake studentn
out as often as possihle, on trips pre-planned to be as rich as posaible im
peientifle, anclological, apd aesthetlc experiences. "

Share Field Trips.

Short Field Trips take a short time, perhaps only a double class perled,
or 8 class perlod added ko & lunch peried. Short Fleld Trips muat be care-
Fully planned to accompl!sh maximom work in mlaimom time. Tsvally they aré
devoted Lo one specific cbscrvarlon or collection Eellowed by immediata
repupn to the clapsrovm for Follow=up discussion or handling of the collected
materials. & temptatlon to be avolded {s baving a few students bring in
specimeas [or the entirc class, a procedure whirh short—clreuics 8 valuable
{field learning czperience for the class as A whole. ’

Sample Agenda For Short Ficld Trips.

Example #1. Short Field Trips to Tidal Pools:

Fre-fleld Erip.
-Prepare for tidal pool obaervatione. B¢ Tide Pool leascn.

Field ceip.
«Leave for beach area inm private carva. Travel time perhaps 13 to

1% minutes.
-5ftudents gather around previcusly indicated tide porls, take notes
on what they sea. Quler observation for perhaps kalf an hour.
=Feturn to schoot immediately.

Post=fleld crip.
-bisewss in class what was observed. Compare notea. Wrlbe eeporEs.

Example #2. Short Field Trip on Sea Weeda.

Fre—field trip.
~Frepare [orv sea weed work. Havye materials for pressing ready in

¢lasatoom before leaving for field.

Field Trip.
—Leawve for beach area in chartered bus. Travel time perhaps half an

hour or lesa. PBuring bus trip play observation games such as how
many guch and such type of Frees are seen on che way; or temperature
warlations lu schonl vard, bus, at destipation; cloud types aeen
daring trip; etc., etc.
—Collectk sea weed 1o Jimu bage. Each group ceollects itg o accord-
ipg to itz needz and oo more.
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—Hate places from which each type was taken, how many there were.
See Sez Weed lesson for observaclons to be made while collecting.

Poat-field trip-
—lmnediately upon return, make the first "sea weed sandwich™ of

mounted specimens.
-Change to dry papers and cloths A needed on Succaeding days.

-Labkel and identifly pressed specimens.

Example #3. Short Fleld Teip to the Wailkikl Aquarium. *

Pre-ELeld trlp.

-Prepare for visit by considering which digplavs or conducted cour
will bt glwven attentian during time to be spent in the Waikiki
Aquarium. (See Tapic 5 of thie section.)

-Call the Aquariem for suggestions and arrangements. MNote references
te Aquariom in severzl topics in this boolk.

Field crip.
=Carry out the plans as arranged with the Aguarium.

Post=-field crip.
-Return immediately to school. Diecuss what was seen aod learmed.

=Have students makée notobook repores with diagrama.

Example F4. Shart Fleld Trip on Any Topic (S¢e lessons oo Hermit CUrabs, Sea
Anemonei, and othey tepica in Section 2.7

Fre-{i1eld trip.
-Prepare for crip by golng gver with students what 13 to be done,

observed, or collected.

Field trip.
-Travel to alite. Play “games" on the way ueing pessing roadaide

chaervrations,
-Make plapned absetrvabions ot ¢ollectione at the =zite.

=Baturnm ta echool quickly.
Poat—fleld tedp.

-Digcuss observations, collections, sndfor rcarry out éxperiments om
materlals brought back [rom che fleld. Make notebook reports.

Extended Field Trips.

Fxtended Fleld Trips have the advantesge of lasting loog enough Lo
allow for both lo—depth scwdy of one toplc and expogure to muliiple topics.

In the sclence components of an Extended Fleld Trip, atudents can
make observatilons, completes measurements of field situatioos, and conduct
on=site testa. There is [ime tu &1t dewm together in the zand oy on the
grass and discurs data. Often a second set of deta cao be collgctad In the
afternoon to give comparlsaon or contrast to what was ohsarved in the morning.

An important companent ol any Extended Fleld Trip Eo the reef and
shote 13 the partion given to an aesthetic experience of the sea. A definite
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time for joy amd appreciation should be planned inta ewvery trip, e.g. lia-
tening to ocean sounds, acufFing in the sand, wricting & poem, sketching a
fcene, making a drift wood boat, etc. Thia is pot free play time. The
srtigtic dimension needs to be skillfully planned. Specific 1deaa and
procedures for aesthetic actlvities are suggested In Topic &, entitled
varg, Music, Poetry, and Storices of the Gea."

Flanning and freparation. "

Frupavation and follow up work for Exrended Field Treipe 18 the same
as for ghorter trips eacept that since multipla toplca muet be prepared
Far, the preparation time iy langer, extending perhaps tu several days ov
ewven weeks on both sides of the trip.

The compunenta of sciesnce, social artion, seschetiea, and other dimen—
alons which are part af an Extended Fleld Trip may Be arranged io many
different ways and with Jdiffereat accents. Conditions vary greatly from
gite ro yite, schrol to Bchool, time Eo time. The fellowing exmoples may
atimuplate idras about some possibilities.

Sample Agenda {ov Extended Field Trips.

Example 1. Extended Fie¢ld Trip to 2 tide pool area at low tlde.

Fleld Wark.

—(hrervation of designated sfudent groups around designated tide
pouls with nokte taking. {Gee Tide Pool lesmon.]

—-Graup and clase disc¢ussion, while sitting oo beach, of what was
observed.

-Ta phyelca] measurementa of tidal pool area (temperatured, sizes,
ebc. ).

—Make population counts on nerices, petriwinkles, and othér animals
of the intertidal sone, aotilng heights above low tide lewvel. {(3ee
lesson on Nerites and Perlwinkles.}

-Tunch.

—Fuild sand casiles, sort out different kinds of pand graina, make
sand plcturen.

_Sit on bheach, €ach person alone or in small digcuseion groups, and
gake obaervations on ineoming waves, direction uf ocean cutrenta
near shore. Wateh manner in which incoming tide descroys sand
castlea.

—Dhgerve dliferences in clouds over ocean end over land, mear
arean horizeon, and over mountalns.

-¥ote height for depthl of veef flat and coaslder geological eras,
subsidence, coneclidacion, ercsiom, benches.

Exemple #1. Extended Field Trip on Land and 5&a Flante.

Field work.
-Observe shoraline land plants while gelog Erom parking lot to

beach area. f{See lgsson on Shoreline Land Flanesa.}
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=Collect limu, working in small groups as decided previoys ko Erip.
(See Sea Weed lesmom. )

-Spread out equipment oo beach and mount apecimens. Prepare Firvat
"pea weed gandwlch" wirh newspapers and clothe, to be weighted
when returning to clasa.

=TLumch.

-Mpye to A lesa discurhed area of beach and look for crab halea in
the sand. Lount density of holes, sizvs, chasce crabe. | (S5ee

leason on Crabs.}
~Gather together for a sea story, or have students make up a atory

a8 they rest on the sand, e¢ach one adding a new event Into the
fiction.

Example #3. Extended Field Trip - Any Set of Topics.

~Plan a variety of experlences according co what the ssaden and the
nearest shareline has ko affer. Include an aesthetlc experience in

the agenda.

The Following check 1isty may aseist In the casks of getting ready for
Exrended Fisld Tripe.

Check List of Permissiofis aond Permitcs.

=Permission of schoal prilucipal or departwent leader.

—Fermisalon slips to go home for parental signatwre {(one student might
collect and slphabetlize thess).

=5wilmning permigsicns.

=Parmit from the Department of Parks and Recreation For uze of ocean
glte.

If the group contalpne fewer than ¥ persong, no permit 13 needed.
1f 50 or more persons are Iin the group, a permit 18 required.

I1f you are on Oahu, apply Eo:

Bapariment of Parke and Recreatlon
Honolulu Municeipel Buillding

830 5. King Street

Honolulu, HI 94B13

You may aleo apply at any owi the sacellite cilty halls.
I1f youuo are In Kausl, Hawall, or Maunl County, spply ta the Parks
end Eecreatlon Deparctmentd of those respectlve Islanda.

Send the following information:

Hame of park to be vielted
Dare and hours of vwieit
Humwber of persoma in group
Hame of person 1o charge

There 13 nc charge. A perwit will be sent to you which includes
regulations about litter, camp fires, and other itema.
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Check List of Arrengemenis.

~Transpotrtation: private car? chartered hus? public tranapertaciont?
coste T

-Arrangementd for students who come late, miss tranaportacion, forget
lunch.

—-lunches: brown bag? ¢old drinke? refreshment stand ac silte? coste?
{Students might be able to work out thig part of the plgnning.) Inform
achool cafeterla of abgence of class from scheool om glven day.

—Horiticativn fo neighboring teachors whose class or clasaer overlap
with the teacher or with the lazs on the [leld erip.

—Coverage of student duties (JPO, cafereris, moaltor duties) of stu-
dents who will be away during dutby times.

Check List of Academic Freparatiom.

-Clarify the study problem{s) to be pursued during the Extended Field
Trip.

-1 preliminary dlscussion, reading, planning on problem.

-

=Group students for divieion of labor in the fleld.
—%how map of ares, mark sites in which different groups will work.
—Prepare blank data sheets (atudent job).

—FPlan for at least one aeathetfic experience during the day, e.g.
sketehing, poeme, listening to natural sounds, stoery telling, etc.

Check List of Equipment.

—Determine fivld equipment needed for the tasks (nefs, look boxes,
bucketfs, art supplies, etc.)

—ather equipment. IMvlde it inte =zete for group uee.

-Agaipn atudents to "{nventory” the eguipment for each group when
leaving s¢hool and agein wheno leaving the field to return to school.

Check List of Qther Flanninpg Items.

=Asdditional chaperones or teacher aides to go slong.

=Bequire appropriate clothing. Mo bare [eet on coral reef. Zorie
ptrapped to feet with stripe of cloth ere scceptable for primary
children who claim ther have no solld foobtwear.

=Lay out yules for getting into water, whem, to what depth. Wading
te ankle depth only ir &n apprapriste rule for classes of small
children, even when chapeéroped. This 1s alac conslstent with current
Department of Education regulatioma.
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=As a point of informatien, in case af need or accldent, find out which
chaperongs can swlm or have life saving cereificates.

—Ta the First aid kit in good condition? Have one peracn responsible
for hringing 1t slong and bringing it hack to gochenl afcerwards.

—Where is the nearest phone booth te the alte (o be visired?

-Arrange with ome¢ parent whe can hurry to Lthe afire in a private car

in the ewvent that 8 student hecomes ill or is in an accident.
i

Back—up Flans.

—Have & “"Flan B™ tu use in the field in case raln or unfpres¢en diffi-
cultties wipe owt a part of the planned program.

—Have a "Plan C" to use in case the entire field trip must be cabgelled
at the last minute.

q, TIDE CHARTS

Information on the heights of tides 1s esgential for the planning af
field tripa. &t low tide, intertidal areas become acvegaihle,. The lowest
of the low tides at full and dark phases of the moon particularly in Spring
ari the most productive and eaaisat times for cbserving and collecting.
fven beach and upper shoreline siudiea are done mote easily ar bimes of low
tide,

The daily papers carry lists of times and heights of tldes at Honmolulu
with an sppended sek of correction Pigures {ov estimating maximum end mioil-
au tides almewhere around the Islands.

Ti{de ralendars are printed end disceilbuted Eree of charge by the
0illingham farporation, Box 3468, Honolulu, Hawall g6H01. The Dillingham
tlde ralendars are essy o read and make beautiful wall hangings. Because
of popular demand they are distributed one to 4 household upen specizl
request, preferably to those who meke uwse of them.

Tide charts in black and white replicating the Dil1lingham calendar ars
prioted in the monthly Ses Grant Newslefter digeributed free of charge to
rhose who ask €0 be on the mailing liwt. Apply to the Sea Grant Fublicatlion
Offlce, 2540 Haile Way, Spalding 2153, Universiry of Hawafi, Homolulw, Hawali
GhAzl.
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5. THE WAIKIKI AQUARIUM

Negcription.

The Waikiki Aguarium is a public educatiomal facllity of the State of
Hawall operated vnder the aegls of the Univeraity of Hawall.

+
The Waikiki Aquarium began operation in 1904. The présent bullding
wiag completed and opened to the public im 1955.

& variety of live and static exhiblts are designed te teach and delight
aquarivee visitors. Approximately aixty tank exhibica contain 1ive marine
and freshwater anlmals. Many of the tanke are arcanged to deplet a typlcal
marine commmity.

Saale and seg turtles are kept out—of-doora in s seal pool with under-
zea windows for subsurface viewing.

Currently decorating the interior walls of the Aquarium and in cages
in the Marins Science Moseum are exhibits of corals, ahells, and other sea
animals frum Hawaii and the Indo Pacific. Other displaye on oceanographic
subjecks are belng congtructed.

The Weikikl Aquarium is located at 2777 Kalakaua Avenue, on bus line
&2 or 1%, Hours of publlc operation are:

10:00 am to 5300 pm, Tueaday through Saturday

1:00 pm Eo 5700 pwm, Suoday
Cloesed oo Monday

School Tours.

The Waikiki Aquarium offers gulded tour programs to public and private
sehonle, Eindergarten through college. To azaist the teacher i{n selecting
and preparing for a tour, Aguarium Tour Bocklets have been placed in school
libraries throughout Oehu. If wour library doea not have theae boskleks,
please conktact Ehe Agquarium Educatlon Department and they will be mailed to
your library.

outer island schoola wishing to tour the Aquarlum should write Lo malke
an appointment for any time during operating huues.

For tour times for Oahu schools, appointeents mey be made ac 9:00,
10:00, aond 11:00 am, Tuesday through Friday, throughout the regular wchool
year. Boock your tour well in sdvance.

Tour Appointment numbhers: 923-47253 or 043-3741

Contact the Education Staff st the Aquarium for mssiatance with any
epecial preparatory preblems.
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When you reach the Aquiarum, inform the cashfer of your arriwal. A
Nocent will grest you, guiding yeor group from that point on.

The Introductoty lecture and tour will take approximately one hour.

If vour clasas wishes to bring luach, ample grasa area surreunds the

Aquarium compound.

Standapd Tour Topics.

Toura are available an the following elementary toples and levelns

1. Efndergarten to Grade 3 Topdic: Animal Protection or Animal Clothlog.
Prograg: A "Towuch Basket™ talk followed by a Lour.

2,  Grades 4& Toples: Animal Pratection (Gr. 4); Dangetroms Marine Animals
fGr. 517 Tide Pools (Gr. 6. Program: A slide/tape lecture [ollowed
by a touy emphasizing fople concepEs.

1, other topics, wsed mainly for older grades, include: Sandy, Rocky and

Coral Communitiesa: Camouflage; Maripe Animal Communication. These
toples ¢an, in some cases, be adjusted for younget groups.

specilal Tours.

Teachers cngaged In the Hewall Nature Study Project whe are carvying
aut BEEF AND SHORE problems and activities will find special displays at the
Walkikl Aquarium which correlate with thelr special needs. For example, che
aetiviticy with hermit crabs as described in REEF AND SHOBRE are complemented
at the Aquarium by a small tank In which variows apecies of live hermit
crabe are displayed. Check with the Waikiki Aquarium € canfirm whether the
matrine toplic you are currently consldecing has a special display.

If you ar® studylng & specisl marlne topic with your class fov which
the Waikikl aquarium does noet bave a standing exhibit, the Educaticn Depart-
ment at the Aquariim will cocperate s far as possible to give your clags a
special lecture nr demonetretion sulted to your oweds. This requires ar
leaat Four weeks norice.
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&, ART, MUSIC, POETRY, STORIES OF THE SEA

Totraductlon.

The poetry, art, maslc, and literature of the sea merit a fair share of
nature study time during which the seeds of appreciation, love, and joy in
the ocesn world can be embedded in yeung students’ feelinga and imaginat {one.
Mozt youngsters are quickly respensive to aesthetic values when they are
presented through an approprlate etimulus. TIe children, education toward
the savoring of beanty waually profits from 4 light atructure, within and
through which preferences can grow at thelr own pace.

an Extended Fleld Trip ie ooe occasiom which might schedule a glice af
time for bullding unforgettable memories about the besuty and mystery of the
arean. Planned, but free—Elowing, £2llies along the shore give opportuniky
to exult, with wet feet and wind-blown hair, in the sight, soumd, smell,
taste, and “feeiinga™ of the =ea.

Anather meane is to Entroduce an experience in beauty in the classroom.
From there gtudents wsy be emcoursged to take a momeént, oT A0 hour, of their
private time, perhapa during a Eaplly beach plcnic, ta eib and dream, o
wander and wonder, to breathe the galt alr, to listen (o the poumding waves.

Someé teachers, particularly elementary teachers, 3Jre wery creabive and
skillful in thinking up ways and means of expoding their stwdenta to acEivi=-
ties which promore appreciation. Fpilmiing are descripticms of o few ldeas
which teachers have used to provide a climate for the contemplative enrich-
ment of Cheilr atudents.

The 0.%.0.A. Furest Service Pieture and Poem Activity.

Mre. Becty Reioke, Iloformatlon Officer for the U.5.D.A. Foreet Service,
hap agn exercise she includes in Eield teacher tTeitning sessions. She has
teacheras go Lhrough the exercise themAelves A8 they learn how it is done.
Her instructions te the teachers go aomeching like chis:

1. Toward the end of a warking session In the field, gather the students
tpgether and diatribute to gach a srheet of sturdy paper, e.f. heavy
typing paper or pale-colored construction paper.

z. Ank atudents Egp "™painc™ a plcture, any pleture of thelr cholce, uaing
oniy natvral materials aa media, For example, flowers may be crushed
to get colprs, grass or leaves may be rubbed opto paper Lo ohtain
greens, soll or plecea of rotting log may yield browns. Have soma
pieces of charcoal ko glve Eo atudents whoe "can't find anything” to
paint or draw with.

3. Each student 1ia to work alone, preferably beyomd the eight and aound
of any other student, but within the designated camp area. The alone-
ness apens ears bo sounds which are otherwise miesed.
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4, Use a whistle to bring the studente back ¢& the camp center Iin about
20 minutes or half an hour.

5. Hawve the gtudente 8it In & circle on the ground. Flastle garbage
bago, spread out, make good "macs” om which o Bit.

E. Invita tha artists to show thely pletures to one another and explain
them If they wigh. <

7. Mrect the compogltien of a poem (without explaining that thia i whar
it 18} a8 followe: (Feuse afrer #ach directlon for carryiog out the
instructiona. )

-Soméwhere on your picture write THREE ACTION WORLDS about your pilcture.

=In the text line write a SHAOET PHRASE which telle che WAILUE OK USEFUL-
MES5 of what you have pictured, 1.e. four or five words about itme
place in the envircrment or any thought you wight have about 1t,

—Mow write ONE WORD which sumg op everything you have thue far written.

=Copngratulations! You have just compeeed a poem.

8. Students who wish to do &0 may read their poems ta the group.

Halku.

Children in Hawsili cen ¢asily be Interested 1o writing halkn. The
elementary childeen st Funahou Schpol wrote halku veraes sbour acology and
the environment which were used ar apot publie service announcementg one
vear on a TV atacliom, The two Honglulu dally pepers sometimes publiah
children's halku. '

The tTules for haiku ave:

=The firat lina has 5 ayllablen
=The saccnd line has 7 avllsbles
=The third line haa 5 ayllables

~Twtal = 17 svllables.

The number of worda may vary, but nevar the number of syllables. The
warde need not fort & complete mentence nor need they rhyme. Haiku dowss oot
give explanationa wor maanioge. Halku expresses & feeling, & mood. or coo-
veys an impreasion., The halkw poet presents an cbkject, uwsnally of nature,
around which he has hed an intuitive experience, and exposes his experience
subtly t¢ hile auwdience.

Perhaps dome of your atudents would care to try a hatku about a fri-
gate hivd aoaring sbove the ocean, or about white cape breaking at the edge
of the resf, or about dark rain clowds on the horizom.
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Foetry Heading-

The school library shelves may yield some simple pocms about Fhe seg
which the gtudents might enjoy liacenitlg to, memorizing, putting a tune to
and singing. "The {wl and the Pussy Cat" might be a stacter f[or the litctle
children. .John Masefield's “Sea Fever" wight appeal to the clder ones; or
uae whatever the library shelwvea yield.

L3

Sea Storles.

Conault rvour schecl librerian for whatever stories abont the a&a are
ayallabla for your grade leyel. These could be read to the gtudents in
clage., (Hder gtudents might care to read them privately and then act out
ohe or two Bcenes ag 3 boopk Tepart to the class.

Students might meke up their own stories areund a Bea theme as part of
thelr English composition class. Start them off with one sentence. 3Jample
agslgnments might be:

=Write 8 story Abour the sea. The last seéntence 1n the story will be
"Dawn broke, and there, riding proudly at anchor juat bayomd the "reef,
was the white ghip."

-Here 1a a first sentence te which to actach a story: "Six strong
pirate ships raced for the island, each manned by & lusty crew thirscy
for Arter gold.™

—-Write & story in which theae sentences are somewhere included: '"This
was Gella's firet leng ewim away from her parents. Never before had
ahe been out of sight of the pod of adule whelea.™

Inppirational Writieg at Claremont.

Wheo Dr. Edwin Phillips af Pomona College in Claremont kakea his gradu-
ate botany students on day-lomg field tvipe he includes the assigument that
during one-half hour of the day each student walk alone and in silence amomg
the trees, acroas the grassland, aleng the beach, or vherever the [feld trip
fa targetcd, simply to scak up the "feeling" of whatever is there. They
later express their experieénces ip poerry, art, essays, ot in any way they
choose, which they may or may not share with the vest of the class. This
idea For graduate stoudents could be boiled down to elementary school leval
by an Imegipative teacher.

Sea fhanties and Other fea Songs.

Songe sbout the sea ¢ould be learned by heart in the clesscoom, then
sung together at the beach with everyone sitting on the aand watching the
wayes break. Some students might be Inepired to engage in free-form dancing
to accompany the wind or the wave action.

Recordn of sea chanties might be borrowed from the library. Some
Hawalian songs have a ea Lheme.
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Sand.

Beach sand 13 nice Lo walk on, get burded in, pile up intoc mounds,
build into sand castles, dig into, and 1de on Lo make a "butterfly.”™ Tt can
be slfted, sorted, examlned, and enjoyed.

Waker. <

Surfers try to vatch 8 wave. Beach walkers can see If a wave can cateh
them. Waves that break on a sandy shore run up onto the heach in Eoamy rip-
pPles, becoming the opponent in A game of tag.

ea Crafts and Sea Safety.

The City and County Departaent of Farks, Divieion of Ocean Re¢reacion,
hnlda classes and workehope in which wariows crafts are tauwght both to
teachers and students. Instructions are glven for such thinge as knot tying,
net making, ancient Hawalian nevigational star chart making, crafting of
paper boate which sall on water, maklog of dreifiwood outrigger cance=z, and
many other skilla. :

Clagssa In swlmoing and water =zafery for both hegioners and profici-
ents are scheduled, fncluding adult classes for those who wish to work for
life saving certificacions.

Canfer with your nearest Dlserict Fark persannel.

Huralse.

& very long sectlon of bubcher paper stretched out on the grase on s
{1eld trip or on the claseroom floor can he made fnto a mutal depicting tide
pool or beach Iife. The drawings can be done with felt pen, finger paint,
glue for attaching shelles., sand, Bes weed, and other ghjecta, or any other
feanible mediiom.

A blbliography of songa, storfes, and poems about the sea has not
baen 1igtad 1t this Lopic. It can become difficult and cime conguming for
a teacher to track down specifically vecuommended picees, whereas those which
are already on the Mbraty shelf can serve just as well. If the achoal
library hae a paurcity of sea literature, perhapa th1a could ke recceified ac
the next bhack ovdering geagon with the help of recommended children'a book
liscts which all librarians have at their dizposal,
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/. LOOK BOXES

4 look box, For a youngster trying to peer into a tide pool, ia a
devirce which gives a clear window o the world beneath the surface without
interferenceé of rolling waves snd surface tipples.

L3

A look box ig any open contalner with s transparent bottom, The aides
of the contalner prevent water firom aloshing over the eop of the viewing

window.

Sriepve Laborecory Look Box.

Standard "professional™ look
boxea usually have 8 large aquare
botbom af plate glasse. Sealed Eo
the glass are four wooden sides im
the shape of a cruncated pyramid.
A small agquare at the top 18 open
for peering in.

Tin Can Look Box.

A gnod=-for-one-time-uaage-only
lack btox 1le a #1800 can {or any sfimilar
durable container), open at top and
bottom. (Chwer the open bottom ia
atretched a film of trangparent
plaskic wrap such as thet used for
covering Food dishes. The film ia
held firmly in place by tubber bands
ot atring. Om 8 Eileld trip. bring
along 8 roll of plastic wrap to
renew windows broken during work in
the waker. '

Refrigerator Dish Lok Box.

A look box reuseable geversnl
times {until somesme cracks 1t) 1g
a trensparent plastic refrigerator
food mtorage cootainer or & plaatic
shoe bomc. Buy the kind withour
ridg#s ot decoration on the botbom.

open top

woaoden side

open Eop

Ccan ar
durable box
1.";!"? ﬂ.lH"" j- - '|'-. fo
Eftring holding
plaseic

transaparent plaetic wrap
cocvering open hottam

container

transparent plastic
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Callon Jug Look Box.

A lock box that ia relmtively durable, ioexpensive, and sasy to con-
stroct condisty of a plastic gallon jug with tha bottom cut out and m half
petri dish sealed inte the kole, Half the top i cut sway for viewing,
laaving the bymdla intact for holding,

Conatruction of & Gallon Jugy Look Box; £

Hatarjals.

~Gallon plastie fug, I per studemt or paiv of students

-Silloone aealoit, 1| tube for abewt a doxem lock boxea

-Floatic disposabla patri diahss, size 150 mm x 15 mm.  Half disk par
look bow (ses below For souree of pupchapal

cut

Procaduren.,

1. DUsing a scissors, back ssw, mdfor
sharp blade, cut mewy half tha top
of » plastic gallen juz, lexving
the bendle a8 whown In the disgres.

2. Set tha jug on top of en open half
of a patrl dish. Make A mark sround
the jug ar the top rim of tha patyl
dish. Cut the bettom oot of tha jug
about & inck below or insids the
mark, wo that the hols in the battom
of the jug will ba slightly smalisr
thim the dish.
mark

3. Placs the half petri dish inaide the ““"'M‘*& "
Jug at the bottom. Hold 1t in placa dish u
with mmking or Scatch taps.

4. Apply small debe of sealumt et thres
or four spote arcund the adge o
akcurd the powition of the half pacrl
dish in the jug. Lat st for sbout pacrl dieh
an houtr or wntil d¢ becomss Firm. in jug
Then Temove the masking tape,

Hwving cha dish beld firmly in place
at the thres or four pointe provents
tha dish from moving or alipping
when sealsnc 1s applied latear. If
the dish is not held firm, it slips
and smsara ssalimt scrose the faca
of the dish, obscuring the clearness
of the window. Avold touching tha

e i e

W e kg At

ST L
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winduvw with sticky fLlngers For the
SuMe TEASOI.

5. With the dizh held Firmly by the
dabs of sealant, lay a ribhon af
sexlant all arvund the crack
between the half petrl dish and
the jug, bath Ilneide ard ocurside,
smoothing it into the crevices.

plastic jug

+
petri dish

Carefully avold smearing the zalant
window-
yialant
a. Allow to cure for 24 to 4B hours.

Plastic dispogable pecri dishes, 150 mm x 1% mw, are acld in lots of
100 dishés by Van Waters and Rogers (VWRY, in lote of 10 by H-Ray and
Medical Equipment, lne., 3160 Ualena Street, Hooplulu, Hawaii 96818. The
1976 retall price was $20.00 per box of 100 covered dishea, which comes to
10¢ per half dish. The top half of the dish is clear and makes a clear \
window in the bottem of the leok Box. The bottom half of the dish I8 &cored
in oune—cm aquares and provides buile—inm gquadrats for makinmg rough popuiatlion
counts.

Eince the pecri dishes are gold ion lots of B0 per hox, economy dic-
tates Finding fellow teachers with whow to share the purchase of the 200
half petrl dishes. This might be done at teachers' meetings and wotrkehops,
or by advertisipg through the elementary teachers gaction of the Hewafiil
Srience Tearhers' Associaticn. Mot all the petel dishea need to be made
into look boxas. FPlastic petri dishes make good insect cages, small animal
fond dishes, saucers for potted plante, sorting boxes for pins and paper
clips, pans far small hermit crabs - the uses are almost endless.

The idea for comsreuction of the zallon jug lock box evolved during
development of the Hawaii Marine Studiea Sclence Preject and the Hawall
Nature Study Project @t the Currdeulum Research and Development Group,
Dnfiversity of Hawaildl.

Gubat [rutes for Look Boxes. atilled water 1n cencter

An Inflated lanertube, a bicycle
tire, or any large floating ring on the —
water interrupts surface waves and
creates a gulegcent surface lnaide the
cirsle.  Although thia does not elimi-
nate the =f{fects of refractlan and R —_—
relflection of 1lighe, the smooth surface
water can be seen through with relativae —_——

[ 1.1

[,

Inflated Inner Tube
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8. SALT WATER AQUARIA

Int roductlon.

Aquarla of different kinds aerve different purposes, ranging from big,
beautiful, display tanks and large, lews-beautiful "working' tooke, down to
temporary gallon-jare and simple flat pana.

A clagstroom marine aquavium I3 & poweriul stimulator of student inter-
egt 1n marioe lifa. Even Iif oo experimental work 1s dowe, the mete presance
of 2 tank works as an edocative Factnr. In clasarooms wheTe 8 marine tank
i maintained students soon progreas from lookiag loeco Ehe cank to Eaking
vver 1re care, egpeclally after watching their teacher do thie for a while.

For more serious study, marine aguarlia sid in maklog close—op cbsetva-
tione of reef and clde pwol wrganiewmsz, they provide opportunities for care-
ful study nf [eeding and behavior patterns. Many marine relaced classroom
activities depend upon the maintenance of a salt water aquarium for ecalleect-,
1ng lotx terw data.

In the presentation of this topic below, filtratlonfavration procespes
are dierusesed firest, =zince the functiloniog of these syatema 1A hasic ta the
asgephly and ppervation of a tank. Secondly, different sizes and types of
tenka are deacribed. Finally, some hinis are lizted on =tocking and main—
talning aquaria for differvent purposes and different kinds of organisms.

Filtratiognf/Aeration Svysbcms.

Life ocn land, likée life in the wes, requitres free ouygen and a non-
polluted environment in which toe live. A good filtration/aeration system
in an aguarium takes carc of both oxygen supply and warte disposal. A
aumber of different filtrstionfaeration eyatema can be used.

—TNDERGEAVEL FILTEES. Filtration through sand or gravel i the moaet
cffeclenr and the maoat fall-aafe syatem to use. An undergravel or
gubaand filter consists of & perforated platform placed abouc a hall
inch abowe the botrom of the tank, supporting about & two-inch layer
of coarse sand. A water pipe i1s located at one &nd ar ab each ead af
the tank. an alretone {6 placed In the bottom of the water pipe. Adr
entering the hottom of the pipe escapes upward. dragging water wich ic.
Thizs sets up water clrculation 1n the tank, 1l.e. water in the tank
filters through the sand iote the gpace below the Flirer plate, flows
aver to the water pipe, 18 lifted up through the pipe by the air flow
aod spilla kack inteo ihe tank agaln.

foeygen is added to the water by bubbhling action at the top surface
rroduced by the riging stream of alr bubbles. The wigor with which
air enters the girlines and the tank Is regulated by Inzerting adjustb-
able valves. Goang valves connected into air hoses are usually hung on
the outeids of a tank.
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air line

oL, FiE

wALer pipe

g oyt ol

layer of coarye saml
Alt sconc

filter plate

P iR w cd al E3-d

space biJew Tilter
plate

13 Water drswn down through fileer. 3} Water 1ifred by ailr.

i1 Water [lows aver to pipe, 4) Water spllled back loco tenk.

Waate producca are remaved as the water iu filtered downward Lhirough
the sand bed., She sfilclency of the saad bed depends onoa huild-up
#F decomprsing micrvorganisms in the intrrscices af rhe sand, A mix-
ture of coarse and less—coarse sand pravides Lhe hest wariety of
dnterstices. Awoid [ine grained aand which can drup chraugh the pores
of the filter place or bucome densely compacleld. Kitrifying becterla
and other omleroorgantsms live Lo the interstlces and in a £Llm which
develaps aroun] each sand graln.  The organisma extracl waste products
and decaving mateer from Lhe water as 1t filtecs threoagh Ihe zand.

A newly constrocred aquachon with a Nelegan" layer of sund naeds & <eek
ar two toe bulld up @ bacterial popuelat Lom in toe [nterstices hefare [t
rraches maximom Flltering effiecivmey. This is called conrltionlng ar
zeasoning che kapk, l'utbing @ few hermil rrahs ar similar hardy ani-
mais In & new rank adds amwanis {urine) inte the sand, rhereby hastens
ing the bulld=up vl mlevocrganisams.  The rrabs are hardy cogngh to
wilthatand the nat wet balaoced Lanh conditionsg.

—[LKMFRE FILTERS, DOTSIDE FILITERS. clustic conlainers, ellen triapgular
fn shajp+ Fib ioto am lnaide curnat of A tank. Flar, rectangular con-
Lalners may he hooked o che culside of a tank. Eolh nperate oo the
gam principle.

& siphon ig st np between rans and Lap af an ouwrside comtafner. Ao
ziphon is needed it the containee id inside the tapk. Either by siphom
leadlng co the outslile contaiper or oy hweles 1o 1he 1pside concailner,
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water comes into the top of the fileer box. The water moves duwn
through a layer af cotton wool or palyester fiber, then thraugh a
Layer of activated charesal.  The weonl (llters out pross pacCicles.
The charcea]l adsarbs noxlows gasea. The tiltered water at the bottom
o[ the container enters a water plpe and 12 propelicd upwurrl and hack
into the rank by ailr bubbles.

Before plocieg pew charepal in the filter, rinse the charosal thorough-
¥ in ruoning tap wacer. Thie removes [1ne chareoal dust which acher-
wise spllls inta the tank warer and blackens Le.

1y Tank waler goes into box
andl filters through filer
and charrmal.,

2 Filrered water moves ower

Elher
Lo water plpe.

i1lter

31 Water pulled up by alr.

ar-bivalad

charc=aal 41 Wabter retwrned to tank.

-4lK STONES AND SPRAYS, Bubhling air inte warey introduccs free oaypen
which all wnimala meed. Free vkygen alsp partlally «leans water by
prldlzing =zome wastye materizls.

Plaving am air stone L 4 amall tank ot gallen Jar provides a temporary
1ife supporL system. This is cifecrive until waste produccd get dhead
of the Timited capakllitles af an air sztene.

Baccery nperated pumps wich an
alr stone can he hung on the side
of a callectiopg bucket Fa keep
alr bubbling threugh the waber
vhile animels arce transpatrted
trom oreanslde ta classravm-

an alr stane hanging ion o brine
shrimp hatchery keeps woung

shrimp sufficiently seratvd and
agitated for succrssfnl growtch.

batiery pump:

Anather way rou mi« oxygen with
water 18 Eo gpray watepr inta

alr. This ls the purification
s¥Etem used as ane step Io some
aewage treatmeot plants. This s
glew the syatem used in nafure when water is oxygeoated and purified
Iy heing tumbled over water falls pe rapida in a river or by breaking
DCCATL WHTES .

Cowerudl Bucket
tar Teansportlog Animals
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_ArIR FEO™M AN TENEE TUBE. #An inexpenslve, silent, and entirvely adequate
wiay Eo aerate a cank iovelws use of a tire Eneer tuhe,

Inflate a latge 1nner tobe with a
bicycle pump.  Attach on aguarium
alr hose to the walwve ang adjusd
to gllaw a Rlow telease of air.
Tlace the inner twhe hehind or
under the classroom aguarfum with
the alirlioe direcred into the
aquaclum filter sysivc-

rape
raanglng
innocz Lube
ror owall

Four Ly #ix bhours por day af
aeration from 1he loner tube L
sufEicivnc. In factk the ceasan
maat aquarium pumps are operatded Cul:e
on a venbinoaus 24-hoor schedols valve
1z eonvenivoore ln bae baviop Lo
turn them on sed o:f.

air lioe
friom aquarlam
connected ko
furear ftulie

seration by inner tohe is the
{avent fon of Rew, Lecnard Hacker,
3.J., for uze lo schools in the
Harsholl Tslands.

_SHALLOW WATER. The lazy wan's way to gerate water Ls aimply tao keep
il exceedingly shallow. Sea water no decper thab one inch In a flsat
pan has sufficlent sucface ares compared bo depth to provide adedguate
oA¥gen exchange hetween the waber and the atmeaphere abowe LE. For
shott vxperiments, a pan of hardy tide pual snimals covered by an inch
uf Aea water can lie malntalyped without alz stene ot tiltec.  There are
some limicatioms to thls aystem. Waste producis van huild up se that
the water may need to be rpenewed periodleally.  Also, evaparation from
Ll Stoad qurface alters selinitly Jevels., This can he countered by
adding tap woter to maintafn the incn depch, ot by onece- ar twice-
wiekly renewal wilh clean sea walefr.

—(YCLIKG UF SEA WaTE#. Desanariums and research statlana lpcated at
qeeanside usually cycle sca water 1o and vut of their institabional
tanks directly trom e acean. "Kew', clean ovvan water is pumpedl
inta the tanks while sn out ler from another parc of the tonk returns
ther "ald" water Lo the acean.

Yehonls with campuses adjacent o the acean cam set up a dlrect eycl-
ing avstem soaled down frew che commeesial model, Tnis {nwalwves sct-
Ling wp & sea water hnlding tank ahove an gyuiriuy and an overflos
tank nelow IE, all threw tanka cenmecterd by siphons.
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Ocean water holding tank.
Wpisor tepulaticpe a [iow
sprav, or fase dria, af
water lnte aguarium,
Subsand filter.

Gpace helow filter plale.
Atphan going trom botiom

ot aguaciuvm b over?low

Clamp co repuliate cutflow
spray¥ to mabch 1aflaw at

M:arflaw bank.

Th= syscem operates oy baving

gtudents oring i buckels of new

rrean Wwiater as needed to koeep
the holding Ltank Ti1lad. Laed
sea water from the bottom tank
var be «liscardsl or partlially
re-uged by pouring it back inro
Lhe tup tark. The watetr is
asrated hv usinpg & fioe spray in mowing water from cank to tank - a1

b1 and {).

The water 35 nlsa FIleered through che sand bod.
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Thas

the "nld" water going into the owerflow tank bhelme 2 In all likelihood
in govd cordiy boan smed oran he re-uzed by dumping it back Jote che oop

tank along with a smallvr addition of newly hrought in ges water. This
redaces the labker of bringing in a Eull gquantily ovf new sea water each

Lime.

is merdel] far the number and types of animals o the tank.

The advantagrs of this system atve:
ayatem.
{fwhlvh meons 1F corzervea energy].,
clamas, 2igh and low Lides ran he simulated.

Tests can be tan 1o see how afeen "tornowver™ of new eoean wal e

It is ao vilecllve ool efficient
It pperates without recd ol elercricity, pump, or airlines
By rtepulutlog rhe ialetfootlet

The simopliviiy of this

srsiem afliws much flexibility tor dolng voclwres experiments, e.g. the
holding tank rap b used Eor animaias which can survive [noasvd sea

water,

Studencs ran cake prlide dn thelr envegy-saviog sayatem whick emulates
coroerclal sysiems.

-PLANTS IN WATEX,
canl rale in keeping water axvgenabed.

plant-vating Tish and asnails.

in (resh water aquaria, water planlts ploy a algnifi-

Plants alesn supoly Eocd foc

This 1= not 1he case with sea weods in a mar o Fank. 2ea weeds geldom
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"earn thelr keep™ as owygenatars. They do serve as food material fur
gtarzers in which cese ther need te be resupplied dobo the tank ar they
are eaten. Theit presence provides biding places spd completes Che
haliitac. Sea weeds sate slao decorative In a rank ag loog as they are
kept pruned of drad branches.

Types and Sizes of Tanks. L

The quirkeat and easiest way Lo acgqulre a goad [Aalt tank £a to boy one,
tegether with all needed parca and pump. See any standard laboratory
coulpment cacalog, or vizdt your locel pet shop. Hake sore that rhe cank
ig canatructed for salt waler, meaning it muat have no metal parts in con-
tach with the sea warer.

The recormended size Eor a salt water agquagian far classyeom uwae 1a
17 ta 20 gallons. Smoller than that does oot allow for werdety and good
balatce of reef Invertebrates., For ooce Ltank space, multiply che number af
tanks rather than increase the alze of one tank, unless & large tank is
needed for apecial purposes. In genwral, twoe 20—pgallon tanks can bouae .
more anlmals and provide morve ecological niches than one 40-gallen aquardom.
Alzn with Etwo tanks, If one bocomes contaaibated the other can seill be
uzed,

Claggeoom space can be caneerved by having only onv, or péerhaps Lwe,
tanks, and re-ueing these throughout che year, running experimente in
sequetred ane after another.

Ta reduce costs, a classroum aguartium can be tearher and student built
from usvd glass ab abouk bBalf che puvchase price of a simllar-sized commer-
rilal tank.

Wery tnexpenaive, hut useful, aquaris can be made by Llnlong a scupdy
hox with hesvy—duty plastilc such ax the kind used for shower curtains or
LATRS.

For short-tcveom cxpeciments with ane or a4 few small animals, gallen
glass jars and Tlat pans can be used. Plastle dlshpans will alse worb.

Construcllon and maintenance of these smaller and home-made aguarla
are detalled helow.

Gallon Jar Agquaria.

Gallen jar aguaria are simpie, casy, and adeguate habitats For amall
figh and zea animels durlng a few dava ot weeks during w«which the animals
are upder =tudy before being returned bo the aea.

Fach proup of students might malnfain {es e gallen jar and give
claose artenilon [o fhe animal under study.
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& gallan jar aguarium will =support
culy voe or a few smsall anfmdls guch as
are o two britcle stars, or 3 small
gea cucumbaer, or a few small fnwerte—
brates. Callon jars are aot adeguate
far studying relat ionships among
soaveral kinds of anirmals nor for aest-
ting up a4 balanced s¥ELVG.

Far seraticn, most pet ahope sell
raund, four-inch dlametetr, gubsand fil=-
ters which fit the hottom of & pallom
glass jar, These can he covered by an
ioch o1 two of coarse sand or pebbles
aml hooked up to an exfernal pump.  An
alrernate to the subsand £1lter I3 to
nang an alr stone iotc the pottad part
ef the gallom |ar.

4 gallon =ize tank 14 fouled Ln ahort order by the death of eme anil-
mal, oné cwerfesding, loas of water by evaporacion, and small events which
could he abmorbed and balanced off in 2 large tank. The casiest care il
cure all in small systems is simply ta dlscard all the water abiont ance et
twice a week, ot whenuwer surkiness or foulling 18 evident, and replace with
g gallon af ¢lesn sed waker. lafpre changlng the water, lek the ned water
scand mext Lo the gallon jar for half an hour so that betl che jars ceach
approsimately the fame temperature. animals should not be plunged inte
wAater which varied more than & wery (ew degrees from thelr previous envi-
romme ik .

fn days Sviween water changes be careful not 10 overfecd,

Feep gallom jat aguaria ewt of direct sunlipht. Sun may guickly over-
heat a gallop nf water. C[emerally speaking, dlrect punlizght i= not bene-
ficlal and someticed harmful, [a =8 animals.

Shallow Pap "'Tanks™.

Yery small tide pueol animals van be adequately malontailned tor o ghort
cime {u few weeks} 1o shallow, non=mital pane such as a plastlc shae box,
plastic dlsh pan, B £lal glass baking dish, a flat porcelaln-copted pan.

Shallow pan tanks have many practical and varied uses., Hermlt crabs,
¢hitons, tiny marine wonns, and pther very smal?! tide pool animals surdlre
nicely 1o these shallow "tanks.' 5Several pans may be maintalped around the
clusaroom to pravide varfety and maxdsum obsepvational opportunitles. At
the ¢nd nf the ecxperiment after a week ot zeveral weeks, return the animals
te the tide peal ot coean. See toplios later [n this bouk Ffar experiments
using shallaw pan fands.

shallow water in a flat pan recelves encugh oX¥pen trom the expoued
gurface to keep from {owling, Ho fllter or alr stonc Ls needed. The bottom
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of thr pan may he covered by a thin layer of =and or tide pool =1l in

which tiny marine worms may fonmnel. Some aquarists 11t the pam so that

the upper end af the flat bottom [s nearly oot of water while the Lower

end haz about % inch of sand or 3ilt covered by aboot one inch of sea water.

plastic pan
" at sea watler
i
tnin battam block ralsing
layer af =silt ane end af pan

nalls tend to crawl over the top edpe of the pan. To keep them con-
fired, smear a bead af petroleum jelly arcund the top edge, or cover Lhw
pie with a plece of screening, or slip the entize pan loce a nylon stocking,

The predominant diEficulty with shallow pan "Fenka' 1a rapid evapora-
tlon of water from the surtace and the romsequent build-up of salinity. To
of faet this, mark the Jepth of sea water oo Che side when First sciting up
Lthe pan.  Add tep water daily to keep the water up te Lhe matrked level.
Although most bide pool animals can tolerate wide [locteations 1a salindcy,
weakend degiccation may excoed Lheir liwmics. {rrer weekends or holildays
place a plece of glasa ar a board over the top of the pan io retard evabpara-
tion, Teave s small slit opeping ai one ar bath ends for cxygen exchange.

Wading Poul Tanksa.

An aquarium of heroic pruporcions can be made by Laflating a child's
plastic wading pool of several feet diamcier and installing it on the
clagsroom lafia. It can be filled with zes water tec become a replica af s
tide pool, a perthen of reef flat, or a turtle pond.

Wading povl canks are suffircicotly shallow not to require special

avrralLon but must be watched fop hulldop of excesslve sallnity,  Crabks with
slawa hig enough to pierce the plastlc shesring may need to be cllminaced.

Plagtic Lined Box Aguarduanm.®

Thia is 8 mopuvy saver for clessrooms having a tanai, 8 ehaded sut dunc
area, or an |pdonr avea which is exceptianally bright. Sloce bthe sides in

spdapted trom the high school Marine Scileace Course developed at che
Curc)rulum Ressatch snd Dewelapment Group, Uniwecsicy of Hawalif.
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thia type of squarium arc opaque, the entrapce of 1ipht 12 limited co Ehe

upper surface. Flastic lined box aquatla are nmore succedaful if kept low

{under 10 1nches} in comparlsem Lo widih and length. This allows light to
diffuse throughont the tank and aleq reduces pressure on the sides of the

b,

Malerials for Making Flastic Lined Box Agquarlum, 1

-Srromy cordboand box (such ae fralt bor ure Bom th Whioh meat s
pasked for shipping!

CFEm-ched wiEbbing, ov slroppieg Lape, oF roDe Fow pelnfonzenenl
_im altemeeive fo g oopdboand box Ta a wocder epote on flus i e
af miood atwengly bolied togather Lo make o bar of dedtmrd i

—4 shest of heovy plascde sush ag a shover martain, plzsids nable
acler, oF torpaulin wped by moiwiers ta ooger furmdlure

_an altermating to plastic skesting is lwe eoaty of Fibergloss resin
on the inner suefase oFf o Light wooden Boz
_hecorgtive matartzle op cussids She bas

A aubgemd FLliter, o momer Lizar, oF @ mut a1 1

_Afpiiner, valea, pumb

~Tagrae Sand

r-a

LEn

v

Fracedurevs using Cardbeard Box.

L. Obtaln & aubstancial cardboard
box. Use {lat, lawnchair web- SETap ACCLLS
bing, scrvapping tape, or rape apen top

to reipforce the =ides. Flace
one slrap ower the top ta te-
wtrain the lanmp side of the box
from bulging.

1 d

LA L

Lynaa ]
=,

'-’E!!!!Il'..trj

LR
arind
qides

It Lhe box {5 well reinfoered,
small windows may be fut inta
the sidea.

z. If transparcal plastic Is €0 be
wsed, palaf the inner aurtace
white or line the box wlth white
ar light colared paper =0 4§ &0
reflect &8s much lignt as possible.

3. Flare plasllc sheeting in the buox.
Carcfullv fold the sheetlog 1nte
rhe ecorners aa that the bax, net
the sheetinp, w!11 support the
welght of the water. Make surc Flastlc aheeting folded snuply intrn
a1l edges of the plastic reach corners with all cdges extinding up
up ta the iop edpe of the box. oOVET Lo
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4. Anchur the plastic sheetiog
ataund the top edge of the box
wilth more acrapping tape or
any gacure melhod.

5. Decorate ihe oucslde by palint-
irg, ncavering with paper, or
with cplored plastic.

h. Instsll the [llecey, airlines,
and pump. If B subsand filter
1z used, make sure 1ts sharp
corners arve altuated so Lhat uminll
they will nol hore a hole windows
through the plastic,

7. Place the box in ivs fimal

pasiticn on a slreng, fFlat
suppaorcing surfece betaore Finished and decarated aquarium

nutting [n Lhe gen water.

&, Tn placiop cocks or gharp objects FPhe tang, remembey chat plastlc cam
be pleccsd and will then leak.  Keep rocks and eoral away Erom the
sides.

9. If a Ieak scrurd, take everythlng aparc, dry out the plastic sheet,

and wend che hole with plasztic mender or epeay vesdin.

Procedures ualng a Wooden Box.

L. Sarure a wooden craty, or make one uwsing plywond or other smooth luse
her. Keep in mind that light wi1l be able to ercer noly from the Lop,
ar & 1low box is berrer chanm & tall woe. The shape ot the bax may also
be determined by the sizc and shape of an uwndecgarvel filter, Lf Chat
iz what will be used. A very long, wide, sballow box con be construce-
ed 85 a oeans of petting maximum snrface tor alr and 1ight ss well as
ample floor expanse [(or crawling anlmals.

2. Sandpaper the lnside of the bBox. Gow over the entire 1osdde carefully
te make vertain there are ne ungh areas or bumps which could werk a
Aple inte the plastic sheetdng when (he wAter pressce agalinst the

[nslde.

1, ful ome o mote small windews in the side of the bex, if desired, and
sandpaper the adpex ta amaothooss.

4, Paint the inslde of the box white or & light coler B[ CraAnEparent
plast 1+ sheeting 15 to be wsed.
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3. Plece plastic sheeting inm the bowx, caretully foldiog Lt sougly lote
all]l «orners so the box and not Lhe sheeting will support the weight of
the waler.

3. Anchay the plastic sheeting arcund the Lop edge of the hox, anchoring
it firmly and neatly with strapping tape or by any suitable method,

7. Faint or decorate che outside of the box as desfred. 1
H. Inatall the ELller, alrlises, pump, and coarse sand.
o. Place the sgquarium 1o i1 pegmanent poaltlon on a well supported flat

aurface.  Add zea water.

in alternative ta lining the wooden box with plastic shevtlng [s Lo
finlsh the smooth Inaide aurfece with two coats of Elberglass, [ollowing
the inatructions oo the flberplass van. Since flherglass i1s tranaparent,
the inslde af the box might be painted white or a light color or decorated
with plcurres before coating wlch {therglass.

How to Make #n Aquarium from Used Glass.

The source af the following instructlons [s My. Eonald Flegal whoze
genarasity in worTking wlith reachers has hraupght merine lifec iote many
classrooms.

Materiala.

—lped piote 3lacd swt to Epecificd sizee (gee Delow [or sowrces and
rigganremanta )

—Clear seoloit (dee halme for type ond owoumels

-Magking tame £u Rold glusc dn pesibion wntil asalant ie cured
“Porap Blads e pemnpa @nands dedtant Jrom g lass

-tedergnavel [or other tupel PLlter syatam

-foarga pand op graoel

-Fump, airiine, oolves

I'3ed plate glesse, which Lls less expengive than pew glass, are panes
that haw been salvaged fram building destruction. To obtain wged glass,
rengult the vellow pages of the 1elephone divectory, e.g. Fuller-0°Brien
end others. Yor a f-gallan tank, use plate glass which §s ac least
Y dpch thick.
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Clear sealant ia a plastic silicone product aold under variour trade
qamea such as Silestic, or $ilicone Seal. A& large (li-oz) tube is needed
for a 20-gallon tank. Plastle sealanta form exceaedingly stromg Joints at
cdges and corners of glasa. A ribbom or bead of miform width can be more
eapily extruded Lf the tube 13 ingerted Into a caulking guno. A plunger is
advanced by hand, pushing cut sealant ie a ateady viscous Flow ¢

ohe=way botches on plunger

pun dilspensar 12-0z tube

trigper of sesler

D1SPEHSER GUN FOR SEALANT

Froceduras.
L. Design the tank.

An impertant conslderationm In construckion design is the alze of the
underprawe]l filter plateAa. GHimce several types arc avallable, it 1a
wise tu purchase a filter system which gives the desired hottom ares,
and then design the tank arpund ite measutemnents.

4lso to be kept in mind I1s that a column of water 18 inches hizh
axerts s tremendous amount of pressure on glags walla. A tank teller
than 1B inches may be subject to gufficlent force to vegken or break
the seal of %-inch plate zless.

I. Calculate measurements of tank patts and order glass.
The following measurementd and diagrams show the calculatione involved

ln planning a 20-gallow tank, low Eype, a5 an example of how any aimi-
lar tank might be& comstructed.
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suppese that two fllcer plates fitted rogether have the overall dimen-
gicng of 29" x 11.5". The dimensiona of the glass needed Far conAabruc—
tlom will be:

Buttom Piece: 305" lomg {to accommodate 29" length of fllrer plates
plus %" thickness of two end pleces plus moving space].

12.5" wide (to accommodate 11.53" width of filter plus
"' thicknesa of two side pileces plus moving space)-

Two End Fieces: 12.53" wide and 14™ high.

Two Side Pieces: 30" Jomg (to £t beiween the two ends) and 14" high.

Twa Top Braces {oprional): 2" wide and 12.5" long.

I SIDE PIECE

21+ 30" .
TOP BRACE | TOB BRACE
M wide 2" Wide
END L EOTTOM t EKD k
P o e
—ji—a| ] — .5 — il L] [
—_ — — —
1 } f

S1LDE PIECE

n! —

e 41—

GLASS COMPONENTS OF Z20-GALLON TANK

Computing Capacity in Gallona: Ome gallon = 231l cubie inches. The
finilshed lnmide measurements of the above tank are 30" x 12" x 14"
high. By filling the tank to a depth of 13", the water capacity
becomes

n" ® 12" x 13"
231

= 20,3 gallons



Hawail Hature Study PFrojecc 33
Feef and Shure

1. Construct the tsok. Hottom phece
Cover 3 seurdy work bench with
butchar or newspaper. Tape
Place bottom plece of glass near Tahl
the edges af the covered table. ahle
v
Put sevetral long strips of masking Bottom plece on a4 covered table

tape on the bpttom of the glass ao
that they hang over oo one eod and
cne gLde.

Pur duown a ribbon of sealer on Ehe End plece
end edge of the hottom plate. Gl e

_ BuizLEran
Join the edge of the end plece to plece
the bottom picce and have a helper

haold the end plece in place.

Joining end and bortwom plecen ]

Put sealer on the lateral edge co the battom pilcce and up the aide of
the end plece as shown helow.

End

Sealer

Tup*

Top ¥lew - Semler for laterals Gide View - Sesl fer lateral pleces

Join lateral pleces to the hottom and end pleces. Hawve another helper
hold thiz Becond plece in place (see helow) .

ol .
lareral End lateral
=
Huot Lom
:ﬁg—End Giil Com

Top view nf three joined pleces Side vicw of three |olned pleces
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Haw: helpers hoeld plates ateady and in a Qﬂﬂ vertical position for
Flve minutes or wntil sealer akins.”

How tape can be brought up to hold three pieces of glass in posiclion.
Let the glaes sut far 24 houra.
AfEer metting, vxvess sedler can bhe cleaned off with a rapor blade.

Pur masking tape on the bottom plece along the unjoined edgea, and
repeat Lhe Elrat day'a process until the ocher twa alder are in
place. Let s=et fer I4% hoursz, then reclean.

The braces should be as leag as
the width of your aguavium. The
braces are aealed to the edges
af the top of the aquarimm to
privide additicmal strenglh.

PRECAUTTON: HMake sure the Sealer
braces are noc 8o wide as ta

interfere with placing the

undergravel filter plates or Top View = Sealer for brarce
apch Ikemz ag ecaral heads,

etc. In the aguarlum.

In the vase of very long
aquaria, addicional bracese
may¥ be pubt across the middle
making sure openings are
left to scocommodate oqulp—
ment and specimena.

CALTE

penlog near end

Letr the {inlshed agquarium set of tank For hose

for seven days for apttimum
Blnding of sealer and glaas.
The final clean—up can be

done, the aquarium cested for
leaka, and if 211 is well, Top ¥iew — Flaccement of brace

niel of Lok

the fllter plates, gravel,
alrlipe, and water can be

added.

Obtaining Sea Water.

The wast obvicus source ol sea water is the ocean which ls within casy
traveling distance of every school fn the State of Hawali. When collecting
aea water, obrtain it from as far away from the share 88 possible because of
ghoreline dilution [eom fresh water rup=off frem the land ar well as possible
pllc caontent ar other pollutants.
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Much of the bacterial and other microacopic life found in surface sea
water can he eliminated by keeping the collected water in che dark or cowv=
ered with a8 datk cloth for a few days before putting the water into the
dfuarlum.

Schools on Qabu can obtain Bterile sea water [rom the Waikiki Aguerium
during working hours. Agk at che entrance desk from whieh yoo wil} be
dircceed to the back where the water {8 diApensed [ree of charge. Bring
your own containers. Walkikd Aquarium water is pumped from a chamber deep
in the reef below the Level of 1ife, light, and awxygen penetratlon.

Artifliclal s#a water cen be made hy huying bags of ovean water ealee
and following the direactivns on the package for mixing with tap water.

Stocking snd Meintaeining a Marine Aguapium.

Clagseroom agquaria in Hawaill are yswally stocked by catching animala By
hand in local tldal powols or reef areas. The number and types ovf animals
in the tank changes as students find new animals or as the class becnmes
interested in new aalmals or experiments Lo try out.

Queastions ofcen arise concerming which kinds and how many snimals can
cccupy¥ the same tank at the zame time. Some aquarists estimate that the
varrylag capacity ol a marine tenk is approximately three 1oches of fish
per equare foob of [liter bed. Tnvertebrates arv uswvally more flexible in
their needs. Dr. Acthur Beed has develaped hiz cwn rule which teachers in
Hawgll have come to call Reed's Law., It is:

IF IT LIVER, KEEF TT. [F [T DIES, THROW IT OUT.
This 16 cemplemented by a second law which statew:
IF IT ALJOSTS 0 OTHER ANIMALS IN THE TAKE, LET IT 2E.

IF IT DESTEOYS OTHER ANTMALS OF CAUZES DISEUPTION, TAKE IT BACK TO
TILE QUEAN.

Guided by these two working tules, teachers snd students can go ahead
and try as inhabitants of the classroom tank whatever they find 1n cide
puols or revf flate. There are =ome basie hipcs, hewewer, which can pre-
clude the worvat ervors 1o this rrial and error learning methodd. They are
listed below, the more importent ones In capital levters.

-U's¢ sga water collected from as far out on the reef as powsible. Hear
share water 1z moye likely to be polluted or diluted with rain water.

=Start & new tank with a few orabg untll the bottom sand has hullt up
8 good microorganism populacion and the tank hag bécome conditioned,
poaslbly dn one oF cwo weeks.
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=FUT IM (NLY GNE NEW ANIMAL AT & TIME. With the additicn of each new
animal, {or a few new very emall animals], allow a week or two for the
habitat to adjust to a mew balamee.

=Although fisgh take the eye of beéglnaning aquarists, inwvertebrates Are
the long=term winners [or both interest and learning potencial.

—Sea cucumbers can be treachercws. Save youraelfl rthe wovk ©f cleaning
out the entire big tenk by kéeping Bea cucumbers in thedr ocwn smaller

Lank.

—[0 NOT EXCEED THE CAMEYIWG CAPACITY OF THE TaME. Overstocking with
tpo many animals i the eingle greatest cause of fallure.

=Provide sgome natural hiding places for the mobile animala.
-Include some acavengers for keepipg the tank bottom clean.

-Notire what the animals ewar. If they are plant-eaters, kaep a s¢a
weed grazing ground for them. If they are meat—eaters, they «will eat
bits of fish_, brine ehrimp, other protein food, and one ancther.

-Be prepared for cannibalism and war. The “"Law of the 5ea” 1s the same
a8 the "Law of the Jungle."

=T MANTY AMIMALY added into the tank T} FAST spells dimaster.

=Eeep a hydromecer handy and tesat st least once per week for salinity.
Add tap water if needed.

-IF filtep-feeding invertebrates ate In the tank, add fresh oea water
From time Eo time from which they can filter out microorganiams.

~Sea weeds end gome animalz such s snemones which contaln chlerophyll
bodies, require good daylight, oot direct sunlight.

-The more light the tank réceives, the Faster the sides of the tauk
acum wp with algae, FEither add alge vating snimals into the tank and/
or reach in perigdically with a razor blade or rowgh sponge and scrape
dosm the ineide of the glaass.

Keep tanks out of the sun. On the other hand, clasaroomd equipped
with wooden louvres put 8 tamk in total darkness except during school
houra which is insuf{icient to maimtain chlorophyll beatvesz, In thege
cages, a flupreacent light needs to be used to pive several hours of
additional light <ach day.

-A% lonpg as the water 18 clear and the Bnimale thrivigg, the tank can
cootinee on all year without renewal or changinp of water.

-Tt is a good 1des to take the tank dowum at the end of the achool year,
and clean everything thoroughly with clear water [(HO S0AF). TE can he
reapsepbled 2 A new tank at the begloning of the new schopl year.
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-If the warer clouds and che tank Fouls {uwually becavae of WEKFEEDING,
OVER STOCEING, and leaving in dead animal bodies}, the whole tank has
to be takén down and everything washed. In starting over, begln agsln
with one animal at a2 time and I HOT (VERFEED.

Qther References.

L

Vour “friendly neighborhood pet store” has a shelf of books about
aquaria, £Llsh, snd aguarium advice. Select one ot two for your clasa poom
bookshelf. Many teachera consider ayuarium books by Etephen Spotte to be
the most helpful as well aw the mest suthorlitative.

The Undversaity of Hawall Ses Grant Program has published a paperhack
{51.75) entitled MARINE AND FRESHWATER AQUARIUM SYSTEMS FOR TROPICAL ANI-
MALS, by E. H. Chawve and F. &, Tobel, April 1%74. Thia bookler ¢antaine
{nstructions for vonatruction of a 100-gallon woodén rark and two smalley
glaps tanke 03 well es a plethora of information about teank mailptenance and
rare of Hawallan species of fish and ocher taok iohabltants.

Figh and Game Regulations.

In Hawall, no special permit is peeded for hand gathering ot trapping
reef animals., A permit is required For capturing anlmals hy means cf a net
with mesh size spaller than L iaches. If it 1% anticipated that fine-mesh
net flshing will be engaged 1o, call for a permit applicaticn Bt the office
ok :

Director

Division of Fish and CGame

Dapartment of Land snd Naturasl ReAsources
1179 Pyupchhowl Street

Honolulye, Hawall D6813

After obtaining the permit, a Fish and Game warden will viait your
claseroom bank for approval and check for the legality of ¥our catches vig
a manthly report. Flone-mesh nets often piek up tiny allver fingerlings
which are the young of veeap fond fish and therefore Iilezal to capture.
Clams and lobsters at certain weasons and of certaln aizes are alss 11legal
tao catch.

All iftems, fish, lovertebrates, plants, and even rucka, are not permlt-
ted to be taken [rom natural reserve areas, ldentifiahle by posted signe at
these sited.
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9, SCIENTIFIC NOMENCLATURE

Scientific names which are often & bugbear to adults hold a peculier
fascinatlen for children. They like to roll them oflf thelir fongues and ahow
off thelr ability to use big words. Omce they learn the word “eviecerate",

H [1] L3
gpa cucumbers never agaln "sRpew ont their Insides. A monkey pod tree die-
appeara as aonn aB Lhe poetic sounding Samanea saman comes oo the scene.
Children wonld rather talk about Grepsidae than rock craha.

Not so {ascipacing to elementary children., but of grear importance to
grientists, are the rules of grammar and punctuation which control acleoti-
fic opomenclature. Some of these rules are revlewsd here io the hope that
ypung Atudents can he persuaded, If they use Aclentcific namea at all, that
they use them cortectly.

Living things, like pecple, are designated by two names. Thisz 1a
called RINOMIAL NOMENCLATORE.

The first word is the group or GENUS o which the plent or anlmal
belongs. The second ward 1= the name of the partlicelar type or SPRCIES,
Putting both worde together givews the douhle scientific neme, =.g. Aplysia
julisna which 1% a common sea slug in Hawald.

The GEHUS {5 the general group to which the plant or animal belongs.

The zingular {a GERDS.
The plural is GEMERA.
The adjeccive 13 GEMERTL.

For example: one genus, several geneta, the geperlc name.

Ceneplc names are always gpelled with a capitol letrer.
A peneric name 1% always underlined when the word is written or

typed, e.g. Aplyvaia.
A generic name is put 1o 1talics when it 1= printed, e.g. Apiysid.

SFECLIES refers tu cthe special type of plant or animal.

The eingular ks SPECIES (nob "apecie" which meane coins or momey}.
The plural is SFECIES.
The adjective 1s SPECIFIC,

For cxample: one apecles, several species, the specific name.

Specific names always begin with a lower case letter, even when
the word L8 taken frvm a proper noon.

Gpecific names are Always underlined or peb into 1tallcs.
Specific pames are always preceded by the name, or at least the
intclal, of the genus, e.g. Aplysla jullana, wr Apigeiz juliama,
or A. julisna (1f it ie «lear from & preceeding sentence that the
4. etands For 4plyeda.)
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The two puzzles here, and thoae later in the book, are for the enter-
taitment of childrem who enjoy word games.

.%E%Jﬁ*%

PUZZLE FOR YOUBG CHILDREW b

C

i i
rnlhirtctiﬂns: HWrita the numhers 1 to 26 in a gingle long line. Wrlte the of

Jetterg of the alphabet wmder the oumbers. Onder @I put A.
Under 2 put B. UOnder 3 put, apd 8o on to I under 26.

e
The graups of numbers below reprecent worde, Place the match— ﬂ%
iog lecter under each mumber. What does the finlshed verse say? %

1 & 5 19 5 1 1312 9§ 1 3 1 19351212195%

2 25 N B 3 19 5 1 19 B 15 18 3 :

.....

.....

s

SAME PIZZLE, BUT HARDER

E L e
Febr DR a AT e

a3

2o Directions: Each number below represents a letter of the alphabet. The
groups of numbers repreeent words. Figure out which numbers
repregent which letters and complete the warde. The finilshed
verse is a familiar coe. If youw camnnot get starcved, your
teacher can give you a etarting hint.

e

SR

poyri

0 & 2 1 2 9 9 14 1p I 3 17 4 % 9 a9 10 %%

ok

i

e B
é'" 14 20 11 4 2 0 2 3 o 4 18 7 2 g
E i
- -
iﬁ (Starting himk: 4 is the letcer H. BZecond hint: 9 is the letter L., ng

She sells zea ghells by the sea shoral.

AR R e e

o=y
=

ERE
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1. HERMIT CRABS

Intreduction.

Hermit crabe are lively and
interesting {ohablitants of the
rlde poals af Hawaii. Childtren
af g1l three BAND levela can
enjoy and do socme worthwhile and
gimple experiments with them.

Hirmle crabz are memhera of
Phylum Arthropodz, Clamzs
Crustace¢a, along with crayfish,
crahs, lohsters, and shrimp.
Crabs and shrimp In general are
ireaied 1o a2 later topile. Her—
wit crabe, because ol thelr
ubfqulcy, cheir special features,
and thelr fnterest tu children,
13 wged aa an Introductory toplc.

The several activitice glven here concerning hermdt crabs may be
pursued on fleld ceips to the reef, ar as classrvom activities, prefer-
abl¥ bogh. Besides the obeervations, there are a caunting problem ard a
clageificatlen key iacended ta be challenging to older atudents.

Hermlt crabs are by no meens an endangered speciles. The populatione
an meat shorelines can support havieg a few specimens semoved for clags
work. No more hermilt crabe should be removed from the tide pools than
are needed for planned cbheervatlons oand experiments, snd these should be
returned to the tidal area when the class work 18 <omplete. This is good
congervAation and & conafatent with inculcating a respect for 1ifa.

Ejeld Informatico.

Many hermit crabs live in the zone between high and low tide alang
the shoreline, occupying pockets of shallow water amonp the lava rocks.
Different specles of hermit crahs are found in different hahitats as
indicated in the diagram below. Omly shallow water spacies aras shown
here.

Capture by hand or with a gmall dip net. Identlficailon keys are
on the last page of rhis topic.
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CROSLZ-SECTION OF ROCKY SHORELIME

High Tide Pools in 4lpal or Duter Beef Rildge

present 8t places like HKaaawa

wavr—splashed 2one .

Tirep Hales

High TEde
Wares

Calelnus seurall

Caleinus laevimanus
Clibenarfus zebra

Calcinua latens

Laboratury Malntenance.

Several hermit crabs can be kept in the clasgronm salt water tank..
Allow enough space to permit the eslablishment of territorial vights amang
them, MAlse hear in mind that c¢rabs are cannibalistic as well as llkely tn
prey on other prize specimens in your tank. If claservom Space permits,
it would be instructive to have a different speclez in esch tank.

Far close-up student obgervatlon during the week or so of hermit crab
work, maintain several "hermit crab pans” in working aveas around the class-
room.  Stodenta can glagce at the crabs from time ta time in berveen doilng
other lessona, as well as durlng hermit-crab-watching study ot clase
petLonds .

4 hermit crab pan is any flar, tust-proofl pan [glass, pureelatin,
plastic) holding ¢lean sea water not to excead one to three inches in
depth, At that shallow depth the water lus kepr sufficiently oxygenated
without a pump or airstone by the large surfacc ar¢s ewposed to the alr.
Mark the original water lewvel on the side of the pan with gtease pencll,
tape or, something else that will scick. A8 water cvapotares, refill the
pan to 1bs originel depth by adding fresh tap water. It is difficulc to
keep control of salinity in flat pane where evaporation Ls tapld. For
this reason, it is well to empty out all the old sea water at least once
each week and refilt! with clean sea water.

For food, supply fieh food andfovr Bite of sceavenge material, especi-
ally recently-dead bits of molluak or small pleces of Eroren shrimp. I
not leawe uncaren bite of food im the water longer than hall anm howr to
prevent fouling of the warer.

It may be necewsary to Fence the pan to keep the active hermits con-
fined. TYoung hermlt creba require & Jupply of empty shells ib increasing
glzeg into which they tranAfer as they grow.
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llermit Crab [nvestigaliong.

Problem 1. APPEARANCE AND BEHAVIOR (Field Wark} BANDS 1, 2, 2

This firet problem on hermlt crabe suggests observatlons tn be dome at
the beach during a field trip. For aids In arrénging a field trip, Bee
tectinn 1 of thias bhook under that heading. "

The aspects to be cophaoized at the beach are the geneéral habiltar of
hermit crabs, theltr behavior in natural circumstances, and a general
arguaintance with the locale and other typeg of animeals and plants which
live in the same place. Bath questione and aEnswers can b quite general.
Specific detsl] of Anatomy and behavior can betrer be handled after crabs
arge hrought beek to the elapscoom wvhere they can be pbavrved more carefully.

The gquestions below miet necefsarily be sddpted, cut back, or added
to, depending on class level and fileld clirvumstances.

a

Frobliems:

! Vhat do hermit crabe look 11ke?

In what kinde of places do hermit eraba livet
Who are thelr neighbora?

Does a hermit «rab react to movement nearby or to shadows?  [(Check
wvignual diztance and directiom.’}

Do you think “hermit crab" {$ a good name for these animalet Why
de you think 2o, ar wat think sa?

-

Suggedted Procedures.

Predetermine a good tide pool arca for fipndiog herwit craba. ¥FPrepare
the +lasg far a Short Field Trip ar make hermir-crab-watching parL wi the
spenda on an Extended Fleld Trip {see Section 1 vm Fleld Trips).

Moat students can recogpirze 8 hermit crak, If they seem oot to know
what 2 hermit c¢rab is, describe or show them one but Iet the detalls of
description and behavior come from the students’ own observarions.

1t is deslrable to do as much obeerviog asa pogsible in the fileld eo as
to ioclude observations of hermit erab habltat and environment. Gueatlons
used by the teacher canm help to give focus to the ohgervations and discus-
slpn. Some questions which you may find wseful could be similar to chese:

o hermit crabs live in groups, or eingly here and there?

Do they seem to live under rocke, on top of rocks, in evewices, dim
mud, on sand, In sca weed, of where?
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What other animals live amomg them or near them?

Du they live in dark places, lo the sun, in shade, where it 15 cool,
or wakm, or under water, or dryt

Do the hermit crabs geem to be all the same size and kind or do they
vary greatly?

What are some of thelr general characteristles? X
Are they very active, somewhat active, or do they moatly sic yuietly?

How frightened or shy are they of human encroachment or do Chey pay
no attention to your presénce?

RAND 1 children make thedr “repsrts™ by remarking, exclaiming, and
showing delfght with their hetrmit c¢rabs. Clder ztudente can be vxpected to
produce sketches and notes in notebook reporta on hermit crab appearance
and activities. See the PROGRAM MANUAL on atudent notebooks.

Frohlem 2. CLASSROOM OBSEREVATIONS OH HERMIT CRAB BEHAVIOR BAKDS 1, 2, 1

Presumably, the students hawe already galned a general knowledge aof
hermit e¢rabs and thelr habitats from deing Froblem 1 at Lthe beach. Froblem
7 proceeds with classroom close—up observations. [n the event that = field
trip comld not be deone, classroom observatlions can atlll be pursued, per-
haps addimg 1nte che clasa digcussion some of che questions and information
from Problem 1 above which was mlssed in the [feld.

Hﬁtarialﬁ.

“yepeit apab pana’ (gee Laborgiory Motwtemmioes above)
=5l AItan

-Aage for mopping wy apilied water

~Hand Tenaes foptionall

-EBmpty shelis of vorious siace

PFroblems:

Hovemank:

How do hermit rrabs move about? How do they uee theilr legs aud
clawa in walking?

Do they move fast or elow? Do they walk better or differently on
different surfaces such as the smocth bottom of the pan, sand,
pebbles, a ¢loth in the bottom of the pam, & sponge?

Do they move ahout in groups or independently of one another?

A=

{cont'd on next papgel
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If they crawl to the edge of yewy desk, will they go om over or
back off?

tan hermit crabs crawl op wertical surfaces such as a glass wall
or Bbrep rock?

How does g hermitc crab react 1 1t abell is touched ar maved?
L

ked 4 hermit crab graduelly become accustomed to movement or
tauching so chat it seems less "afrald” after it bacomes used to
raw?

es the type wf shell a hermit cccupies Influence its type ur
specd of movementd

Can you 'race” hermit crabs oo a track or Ecom the center to the
edge of 8 circular pan?

Hous Lag !

e shell Iin which @ hermit creb Mives {5 sometimes called its
"hease,

Do Yermit erabs prow thelr own howses or de they get them from
same place?

Wwatch a hermlt crah examine an empty =hell.

Watch a hermit rrab cliomb into a different shell. How does he
ca I[e?

Will @ hetmit crab po into a '"howse"™ which #5 nat a sea shell?
=ﬂth9t Benavlaor:
| wWhat do your hermit crabs 1lke best to cat?
I How strong ate they in holding onto a shell we other object?
' What clse du you notice about hernle crab behavior?

Think of same tests ar experiments you can de with hermit crabs.

Suggusled Fracedures.

et wp geveral hermlt crab pans around the classroom s that each
group of studenca ean observe hermit crab behavior not anly during heemit-
crab—warching time but @lsa in between dodog their other lessons.  Provide
each pan with several hermiis aod several additfenal empty ghells aof a
sbightly larger slze than those in which the hermits ace.
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Hermit crabs do not seem to be ab the twp f the 1lst Far animal
intelligenne but they ran be Lpained, more ot less, [0 expect Ecvnd in cer—
tuln places ar at certaln haursa or duysz.

In addition to the saggestlons made by the probliem gquestions, iy
atudents are quite resourcefol 1o making up ideas ¥ what ta watch or
test. Students in pllet clasees have beld hevmit crab races and measured
directions, spewds, snd olher movemenis. The following two itdms glwe the
teacher alds on housing and stlmulation of ather obsetvatians,

1. iptring a hermit crab out of its bouse, and 1oty anokher howase.

Removing hevelt crabs {rom their shells can Be dene by the reacher
ghiad of tioe and the de-housed hermlts Srought to class.  Somé
teachers prefer to dov this because of the cecaslonal less of a hertmil
rrab 1ip the process, an event which distreases some children. ©n che
other haond, Studencs are often adepbt at doing the deheusing job then-
sal vas,

The "not fool" rechoigque described here works betrer with thin-walled
anells. TPlace the hermit crab on a wet spange and hold 1t firmly irm &
pasirion in which it can reach che sponge when it cpmes out.  The wec—
oess ol che sponge serves as an additlomal lure to draw the crab wnt.

Teuch & wery hot nail or soldering iton or burning mutch to the tip af
the spire of the shell, 7The heat drives the crab out ot 1Ls shell
prompbly. Hold the shell wery still durlng che process Aioce a hermlt
rrah 1z atcaid of moveocnt a3 ouch as, obf maro thin, 1t is o lwcomEited
by hear. Mowveocent of the ghel]l mav cause It to recroat back inte Lhe
ghell and burs 1tz lictle benind.

(me teacher surcesafully rxpelled hermit crabs by blowing a jet of air
fnto che sheld.

With poe or oore demuded crebs and a number of empty shells, many
kitds of expurlmeors can be done.  For examples

Tf two nude hermics are giwen only ane szhell befween chem, o
they fighe Eor Line posaession of the cov ghell?

I{ vne nude hermit {8 presented with a variery of empey shells,
now does he gt abuwf chooslng ane bo enter?

Do hermics charpge shells readily wheo prezentrd with shelis of
many shepes and s)ees?

Most hermit orabs, even those alresdy inoa shell, will crienc to aod
explore new shells, seeking mie cf a mure desirable =mize. Help che
asrudents nore the crub's exploring, tapping, and "measuring” ob shells
under Investigat oo,

Twn Lermits in competitiom for the same shell Imieract (MELght"]).
tertitorial or dominance Fighting i apirals ef all species 1s seldom
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nr never to the death or vwven fo the drawing vl bload.  Fightlng
crases as apon as eoi (bhe loser) shows o submissive stance fo the
winner. Can the students detect a "aubmilssive pusture' in losing
hermiti crahs?

2. Obscrvat ino Alds for Yewnger Childevno.

Hermit crabs are lively lltcle animals who can capture sbillent atcen-
tion unaided, cspecknlly when a hermic crab "fight™ [s in progress ot
when a hermli 15 changing itv shell. 2ot hegmlt crahs do not always
I_'I,}I.'ﬁlFIEr&EE bF J.]'Il.l-:"-r--"ﬂtinﬁ, or "_';—]HTLH‘[HE shells I :|1.5IT'IIII:'!I1'I"_:¢' with th.f." E-L'.I'I-I-'f'l-'].
schedule. % during thuse abaerving peclods ie which the hermits
peraiat in dolng sothing more than erawl around aiwleasly, you might
take up the slack in thie walting and watching process by ome or more
nf the activirtira lLelow.

a. Foud o hermle crab stury aloud.

Fas00, by 1eliing Clancy I0e11ing, 1957, Houchtom MilFlin Campany,
Bastan, is a beautiful piece of children’s llteracure about a
bermit cpab cold io persanalized stery Jorm, incorporaling
arcurate informatien about Pagurws. TF the childres can be
settled gquietly around thely hermit crab paos to Wwatch, you eignt
read PAGOD tg thewm alouwd. For many yaung chibldeen, the atory L=
tan Leng for one sittlng and needs to be Mwvided into parfa, or
salect only spee sestions for readiog.  Ancthec way 14 to read the
story privately voursell and chen telk Lt fa the children ax a
converzation of vour own. Yoo primary childeen, aimply showiog
the pleolures nay D enaogh.

Another story is hy Jane Custellanos, 1963, A SHELL FOR SAM,
Vesna Rareic Galden Care Jumior Beoks, San Carles, Californda,
nz 75,

Your library mav have cthrr srorles.
b. Devalop a Contlouaus Group Sioety.

Start a "serial' story abosur hermi: ceabs.  Each chlld adds one
wentence to the slory deacriblng the appearance ar behavier al

the nerméf evab he or she is ohservipg at the moment. The “rules”
af the game oigh be stated ta the atudents someching like thia:

(t] Select a pame for the hermlt crab you ace watching and refer
1 1t by Lts name,

(21 Tell someching about [1.

(3} Raise your hand [or use some nkher method) when wou have a
senteace ta add alowed to the stary.

Here is u short sapple Erom a contiouews group story:s
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Student #1: "Herman 1s sleeplng. He has his big while claw
Fatded ower hia doorway sn na one can see him, "

Student #2: "Crabby Iz poking araund the edge of the pan.  He
picks at every pebble a5 he poes.”

Srydent t3: "Dumpy bhas an adventuring splvit.  He 13 making his
third tey at getting owt of the pan.  Wow here 13 well-
ing to his pals, 'Hey you guys! I Lhink there [s an
apening nver here.'" i

Sstwlent #4: Kb

[ Teach a Heemit Trab Action Song {to very young childreand.

Flod a pelody bo it the Fallowing words, or make up 8 simple

tundy -
Words for Song pecrmpanying Actions

1 ama lietle hermit crab -Finpers of ohe hand creep acTeoss

Tneking for a hkermit shell. lerzk or cable.

T s e o o . —Cup the opprsite hand a short

Here 1 cumel distance 1o front of the creep-

ing fipgetrs. '

Thia one sults me wvery well. —-The creeping Elngers jump inside
the cupped hand.

Problem 3. BODY PARTS OF HERMIT CRABS BANDS L, &, 3

The amount nf detail pone into Ln thia kpplc can Tange from the mosL
cagual aml abvious ubservations with the woung children to as ouch derail
with the older students As they hawve the inbteresi and capaclty fto learn.

|
‘Probleoms:

What are the body puris of a nermit erab?
what paris are wilsible when the corap 1s walking around in a shell?

What parts ave always covercd by the shell when the crab 18 walklIng
arannd?

Mike sketches from real 11fz2 of a hermit crab cunpietely in 14
ahell, of a hermii orak extending out af [£=2 shell, #nd {f possible
nf a hermit «rab denuded of its shell.

Leatrn the pames cf some of the bedy parts.

Suggested Procedures.

To allow sufficivnl wiewing, thiz preblem salle for ome fnermit crcub
per twa ebF three students. LEneourage the scudents Lo make their drawings
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at “eyeball Lo eyebaIl™ Evwe] with the crab. "How does a heenil crab look
te annther hermlt crah?"

While walting for this lessen, the hermits could be maintalued 1o the
¢lage tank ar In holdlng pana.  For sketchiog they can be raken out and held
an damp cloths for Lhrief intervols, then returoed o the water,

The degree of precision, and the amount of vocabulary leatned, will
depend an the abiliiy level and Lntierest of the atudencs.

The disgram oelow van be reproduced for the stwlenta or placed on the
overhesd projector acreen after rhe students heve dane as ouch as they canm
withpuat asslstence.

DORSAL ETDF} VIEW Walking Lues

Anfenna —3 ¥odEf led Walking Legs

¢uged L hald shell)

Telson or latl

Pleppady «r
"Egp Garriers™

1o nearly all Howadilan hermic ceabs 1t is fhe left elaw which is
larger than the right. OJiagresms and keys of hermlt crabs prepared for use
on the Mainland or elsewhere show Lhe rvight claw as larger. Hawailan
hermit crabs are uniquely "santhpaws. "

Frablem 4. TYFES OF SHELLE LUSET: BY HERMIT URARE BANDS 2, 3

Thiz mcrivity, which is betier suited to older students, L best done
at the beach alomg tlde pool areas sv ad not to require collecting fand
perhaps destreying) large numbers of hermit crabs.
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Materials.

—Norebonks and odip boareda Tor zakdng flelsd dine

-

|
IProb Loms:

Whitt kircis of shells do herait crabs Tlee In?

Make: s Jlst of rypes nf shells occupded by Tiermit crabs.

Take a coumtb af which types are masr ngead.

sugeprsted Procedures.

DLlvide the werk ol ihe beach by teams and by tide pool areas. It dia
nat necessary bo know the aclencifile names af e shells, or ewen theire
common names,  Sioply note the general shapy, struckture, or "atyle' of
shells wsed by hermlcs, ar aer ap vour own designottons such as "shell
Type ¥1I7, "Shell Type #2, cre.

Counts might be taken by picking up shelis cantsining hermit crahs ane
hy ane while & recorder mares dewn the snell tvpe oo 8 previously prepared
daca sheet tastened to & clip beoard. Another method 13 ca remowve all, or
mear of, Fhe hermit crabs from o giveo Llde pool and sert theo intc differ-
£nt paps according ta ghell tvpe. Then count how many 1o each pan. When
the cewst 15 [Lladshed, ceplace the crabs [n the same tide pool.

Examine che Jdata as a class and see what concluslons might be drawn.

Da the crabs show a sfrang prefereoce for any one klopd of shell?

Iz their cholce of shelle seemilnely random?

Do the statlstics vn shell type vary from pool Ec poel or are 21l the
poals abowt the same?

DLZ aoy hemmlis chowrse nmon-shell heases? What kinds?
e you thiiok hermics seek shells al specilic types oo dao they take

whatever happens to be arcund? Way do wou think =cV

& written notvbook teport of the formal type I in arder here for khe
plder srudents. Hee che PROGRAM MAMIAY an stwlent cepurtlog.

Sampic of 4 Count Taken br o Laboratovry Schoeal Class,

Brelow s 4 data table mode By a cluss of 6th graders who were divided
tntg glx JifTerent groups ac a4 fleld aire.  Thelr assigominl was to take an
inventocry ol the dittferent kinds of houses geoccupled by hermit crahs. The
sOiwlents did not kaow Fhe pamea al wast of the shells, soe they gloed a
sample shell to the top of gach column om the class daka sheet,
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Thu «olass alara snect as L was dovelaped by tha atudents 1s repza-
duced halow, The Siagroms ol fhe teps of the columns stand tor the actuai
aample shells whirhwere plaed E2 thue pape,  foie thot the student-relecead
column headinges are partially relundant and lack <he resfinements ol logic
which might be ackiewed by oléer students pessessing a bacter knowledge o
ghall types.

T
TABLE . SHEIL PREFERZKCE OF HLERLIT CBEALS AT KANALA BLEACI
T - e . - - |
kumbers ot wacluws Lypees of shells cocupiled by hermit craba
d ol eedl b S o - :
Student ) | | ?
[irciy % | |
sumber . | .
o p——— L e T +—_— - -
1 r. LY L& 30
2 0 1 55 .
3 . la 150 125 1 X ]
L R 7
3 T | 13& 11 5
f 17 4 ] 1
Total 2l __]-‘_592 1 7 4% i3 1

'ofartunacely, no record was kuept of these acndents! concloEione drawn from
the data. As an exersiss In dats anaivsis, you might teproduce lhe abowe
dara far wour class and ask them Ly make an assessment of shell tyoe dis-
crlbullan [ndiearaed by the data. They may wish to speculare no reasans for
*he discribution.

Prablem 5. HPECIES IDSNTTIFTICATION AND COONTS GAMD 3

Froblem 4 was a sortinz problem based on the types of shells in whlch
kermit ctabs live. This problem has oo die wits fdentifying the ctaba chem-
gelwes .

This difTtculec oreklexs iz covicusly tor upper alemmtary stodents,
Tdentificaticn may be donc ut the heach durdas an Zxrended Field Trip or o

rhe classvroam using hermit crabs which the students pawve collected Ecom
Locat Lloesis By s 1oken owle al .

Materials.

Sifgrll nan kan Teea e
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I

Prost:lems

What differcent species of hermit crabs can yoo find in Hawailian
tide pools?

How maoy of each xind can you find?

¥hich kind ar kinds are foumd maat aften?  Least afien?

Do all che hermits in one tide peol or along one shoreline Leénd a0
be 811 of the same specles, or do they sesm Lo miw together? i

permit crahs are sensltive Eo pallution. What 1% the condition of .
the arva [n which vour hermits were Eound?
L . - —

dugpeastad Frocedurcs.

Tf the students have completed problem 3 they are acqualneed with the
meneral anatvmy of hermit crabs and kpow the oames of the principal body
pares.  They could new be shown how to distinguish the different speciea by
the sizv and colaration of the feges and claws,

FElthetr the identificatiom key, or the diagrams below, or beth could he
duplicated fer stwdent wfe ar made into a wall chart far atudent retercnce.
A waluahle centributicn to the olass, uwseful for wears Lo oome, would be to
let & few arulenta teproduce the dlagtams {n large size for the bulletin
brard and color them, working foom the live specimens as well &3 from khe
kevs, MNobe thar the key given hure opplies only ta the Five masl commin
Hawailan epecies. There are many apecies net shewn here which the students
mlghl enceownter from time to tlow.

The Watliki Aquarium has a display nf amal]l tenks, each containlng a
different specirs of common hermit crab. Check with thia diaplay for
further confirmation of types, leg ealara, and scientitic names.

Fuparienced BaWD 3 students should be sble to assume i large share In
setting up nesded data £ables and organizing field trips tor collectlng
lnformarion. Besides a data table fer esch student bo carry, and on which
to record observatlons, a large date table could be pasted oo the bulletln
board on which to tabulate indlwldusl student data as they come 1w

If the studants have difficuley designing a good data table, the ane
belaw can be used a5 1s, o modified to auit the claas.

One or several Short Field Trips could ke planned covering a diffuvremt
tlde poal area each time, or an excended Field Trip could be arranged, mov-
ing from cne shoreline area to ancther theanghaout £he day.
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TABLE . SPECLES OF HERMIT CRARE {OUNTED OH HAWAL1AM BEALHES
Gzinla Se e !
_ . i ' . 1 I
bucher cf Each Spocias E
t - - :
Nama of [Conditfon Calednus Calcinus |Calelous |faleinua Clibenarius
Oete  Place |of Area® laevimapus ofegang [ Aeurdti | adbens wehra
1 1 '
. i - —mm
i i
—i__ _—— _— ... i _____ _——— ]
| | I I

kunndy, vacky, clcan, palluted, ero.

When all stwlenrs koow for suecv how o ident?fy each specles, Iuyrher
hermit crab dnventories by species ceold be done ducing weeskend family
antings or by studems werking shoreline arcas of their own chueleoe on rhelr
oW Eimsr.

When the data are in, refor hack 1o che probiem guestloms aml sea if
the slata are providing oy Anawers.

l.ec the data sprak flest. Az a follow-up relerencs, note the diagruam
at the beginning of this tople indicariog species preteremces Far diffecent
habitats,

Answers La Fralhlem 3 can by develnped into a formal sclentfile repart
in stwlent notehooks using The format piven in the FROCRAM MANOAL.

Hermit crab work offers a4 Lonus bo stodends in itmportance waluw.
Dr. Ernst Feese at the University of #Hawaii, Department of Xanlogy, has
brees engaged over many years with hermit crab slardacics. Class data cam
be sent tro the Hawail Mstore Study Profece 0ffice for [erenrding to
Iby. BEeese. The data will he much appruclatlet, commented upon, and coples
rrlgrmred to the schosl, The anwdents can thus be participants in a bena
fide university research atudy.
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FIVE COMMON HAWSLLAHN
HERMIT CRABS

right. Claws small and of oqual sixe.
Legs hadey; lengthwize blue
atripes and browmish toe black
stripes; hlue tips.

T.eft claw larger Lhan

Clibanarius zebra

Left vlaw much Lapger than righe. Le={t claw slightly larger than right.
{law smoutl atd Claw grav f(nct Nlaw rough and Claw mostly grvin
whire or brown brown or whitel. beown wlth white and white with nne
and whlte. Legs grav and tip. Legs black black area having
Legs light brown,| [ white with or dark brown | | white spors.  Legs
with dark hvowm diapornal bands. with orange or preanizh with
gtripe down slde. ted bands, white bands; pur- -
Tips of claws Calcious méurard ple band mear tip.:
white. Lalcinue elegans
— [ Calcinue latens
Lalcious
laevimanus

For identification of cther cemmon apecies, see the display at the Waikild
Aquatinm,
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oralge-.

black wyes
DIAGEAME SHOWIMG LEGE AN
CEPHALOTHORAY QF FIVE COMMON
HAWATIAN SPECTES OF HERMIT
CRABS {Dorsal or Top View)

WOTE: &Size of claws 1n the
diagrame refer to adult

apecimens. Very woung
rrabs ahow less vilze !

dif fervnce between the arange hlack or
right and left claws. wlth - dark brown
black tip wirh oranze

or ted boods

CALCINUS ELEGANS

OTATER - —_

1
-2
greenlah

gray

CLIBANARIUS ZEBRA white and
blue bands

OTETIEE

arange
levestalks

L-white

- --black
be.ds

CALCIMUS LAEVIMANUS

CALCINUS SEURATI
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2. TIDE POOLS

Introduct o,

Tide popls are small, rock-rimmced basins carved by wawve aéiiun inta
lava and coralline roeks along the shoreline. They are called tide poois
or tidal peols because their replenishment wirh sea water ls dependent upon
the incoming tides., Scme pools aboeye the high tide mark receive watuer {rFoum
the splash of the highesr waves. BSome are 30 law that ther are exposed as
pucla only at the lowest tides. [n Hawail mest of our btidal pools are
actusally reel flats with water trapped In pockets of the cecl of law tide,

Tide ponls make cxoellent marine study sites for eclementary children

beeanze af thedr accesaihiliey, thetlr widely wary log., medsurable phesical
factors, and the wvarivty amd hardiboed of thelr icnhabitanis.

FPhysical Features.

Tide paols range from inches o feet in dlameter, from very shalled to
lmee deep- Tide pools may be as cool as the ocean waker, or a8 hot as the
rocks cnoking in the sun after the waves have receded. Tide pool sea watey
mey be diluyced by the froesh water of light raios, or inundated by torrents
of storm waters. A tide pool may he a maelstrom of swirling surf, thes six
and a half houtra later become a quiet poel left isolated by rhe receding
wALEEd.

Tide Poul Life.

Tide pooia are inhabited by a wide variety of wery huardy 1ittle animals
and plants having a wide talerance to changing physical conditicos. However
even hardy and abundant tide pacl Life can he destroyed by aver-collecting,
by aver-disturbance, by drying, and by crowdlng anl fnsuiticlenl aepation
when collected and placed in class Lank3d.

Fileld Freparaticn.

Bafore consldering this tople with a class, a teacher necds to deter-
mine where, within reasonable distance of the achool, the best tide pocls
are located. It may he useful for the teacher to make A Taugh sketch of
the area at low tide showing number and location of pouls &0 that students
ran be assigned by groups to different chservation aites.

Yisfts tu tidal pool arcas shauld always be made at lew tide. Assisb-
ance in planning class wisits fs given da che Field Trip teplc im Section
nf this book. A Short Fiekd Tyip has the cbjective of spendlng a half hour
ar heur ctaouched arovund tide pools vb#etving and taklng notes which are
dizcussed vpen return to class.  An Extended Fleld Trip is planned with
tide pouwl ohservations, measurements, data taking, and discussion as part
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of an entire day in the fleldid.

Obheerving in Tide Fawla.

an impurtant pelnt to remember In tide pool vhservation Ls that impati-
ent speedy lookers aee nothlppg but empty warer and 8 fcw wea weeds., The way
ta observe a tide pool 1s to "live™ with it for a while. Sit next 1o it
quiet]y and watch. FPoke pently and slowly in Ehe limu and 1o crevices,
Look for small things. lse a hand lewns.

Remesiber the rule: TF wou turm a veck ever, furn it back. Do the
students know why?

Besides ihe usual safvly prackilces, stwlents mipht be wdvized to do
theitr ohaerving with backs to the mowntains and heada bent towartd the =zea.
This positicn permits easzker and safer rcacticn to an unexpected large wave
rolling 1o with & relutning tide.

Nyt evervthing ran he seen In one Eesaion. Come hack agaln and again
to the same area. visit the same and nelghboring pools.  Theve 1= encugh
life and ecolegy in tide pool work to keep a class preofitably occupded Far
A dgmeBter, vven A whole year-

Band Levels.

Theé questicns and data sheets glven in this Lopie ave prepared with
nldetr elemenlary students fn mind. This full presentatlon can he selectid
from and reduced to whatewver lewel 1s appraopriate iorv a glven class. For
primary children nr any class heginning at a RAND 1 level, twindmal portlons
of the suggested pperations may be Laken. For example, a young vlasa might
do only gross pbhservations, rolbbing complecely the measuring and data cal-
lecting. A half hour of |ust sitting snd leoking by small children might
be Followed by oral reporting of "what we saw in our pool”, capped off with
the telltng of & sea story or of an aoclent Hawalian tale ot che seq.

Tide Poal Invesrigarions.

Prablem 1. TVERELIMINAKY OASERVATIONE OF TIDE POHILE BaMDs 1, 2, 4

& general acquaintance with the features and the Life in & tide pocl
makes a pood intcoductdon to tide pool work, both Tor the younger childeen
who may naot get mach beyond simple cbserving, and for the uldey atudents
wha will later perform more sophlsticated measurements.
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Frohlems:

Ik this ride pual high abowe the waves .or down oo the rewf Tlat wheee
water Flows In end out of 1E7

Is this tide pool big or little, deep or ghallow, Wwarm or wooll

Whar different kinds of thinge are in this cide ool

What are the different things in this tide pool doinp?

Suggested FProveduras.

Make 8 preliminary survey of the arca before geing vut with the class.
Chart the location of tide povla Eo be studied by student groups. Flan a
field trip, elther Zhort ovr Extended, Eor a pericd of low bide, Azgign
chaervat fon work ta the students By Rroups, uging the problem questiona in
the box, and/ar other gquestions and points you wish teo glve.

How much detall and wariety the students ohserve duting the Eirst pnd
later repeated visits depends maacly op how long and careful ly they look.
Try to push chem lpco looking lomg enough to get heyond the false premlae
that "This tide pool doesn't have snything in it "

BAND 1 rhildren may make oTal reparts. BAND 2 and 3 students ramn

begin thelr notebook recordings with this first problem, and later add
Further data.

Problem }. PHYSICAL FEATURES OF TIDE OIS BANDS 2, 3

Enowledge of the physlcal characteristics of a tide poal 1s eszential
ty the upderatanding of the 11fe which 1ives within it=s physlcal constralnts,
and limicatiena.

Materials.

—Thermometarg For baking tevperdatined

-0iip Bogeda for holding dato eheeln

- feptimnels OLd knives or Gull toole for poling into crevices
Rulerg or bape measure, peeyerabiy meEric

Prablems :
What are some of the physical leatures of tide poola? Featuren to
be measured Lnclude:

—Flevarlon and/or discance uf poocl from wave break Jline (measure
by pacing off, by eye measurement, o hy & Tape oT tapel.

{Continued on nexk page)
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Problema; (continuad)
—Shape and alze of tide pool {e.g. round, cval, lnches or fovt
acroga, deep hele, shallow, cre.)

~-Type af margin apound pool {smooth, flar rack? rugged, |agped
pdpea? s{eep zidesth

-Depth vf water in pool {Plan how ta measure pocls of uneven
depth. Will you measure deepest part? average depth? other
Tdeas?)

~-Type of bottem (fand? @ud?  rockl ather?)

—Temperaturas. Use thermemeters and vompare temperatdres of :

Water Rocks Wear Paol AlT
in hnttom of peal wet just sbove water of pools
at guriace of pool dry just abuewe rocka
af wading depth In in sum at walst height
Ll TE ) in shade

When recording temperatures, also record time of day, clouwdl-
NEs=, 9T HUAn.

—Salinity and other measurements can be takenm by classes wich
Facilitdes to rake such data-

Gupggested Procedurcs.

Clgcuss the problem with the c¢lass. Declde which measurements will be
taken, by whom, snd using which dnstruments. Divide [nta working proups:

One gystem 19 Lo Bsoign one group o gach pool. Each group otaye ac
it asaipned pool and makes all measurements and observatlons For that
poal. Pools are compared later so that ewaryone rereives an owerall
wiew.

Another system 13 to assign ome group of students to do ong set af
jobs, ¢.g. one group does the thermometer work at all the pools,
another dpoes all tThe depth end size measurements, another Bkt ches
the enimals kn all the pools, ete. Infurmatlon iz shared later in
clasé &0 that everyone receives a share of knowledge sbout each
agpect.

These two Syatems can be combined. A stationary grouwp can be sasligned
to each pool to do all the cbeervationa except those requiring IngEtu-
nwents. Special srudents can be asaigned tv mave from poal Lo pool
vquipped with instruments (thermememgers, meter sticks, ace.)

The «lags ehould be clear as to which duties each group la responsible
for during the trip. & prelimlmary duty is to prepare a blank data sheet,
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with as 1ittle help as posalble from the teachar. Students who are not yet
adept ac designing data tables might be shown the Following sample. This
sample should be modified by the class or the teacher bto reflect the clasa
plan coacernlng which data La expected to be gathered.

TARLE 1. PHYSICAL FEATURES OF TIDE POILS AT

Irems To Be I |

Congidered Fool #3

] 4%

Pocl {1

Fool K2

Students repntrt-
ing on this pool

" [aketch)

Shape of pool

Slxe [Get =stan-
dardy {or meagutra=
ments ko be taken)

[Ilstancre Ahawe
low ride ) 1

-

Distance below
high tfde mark

" aurrounding pool

Type and descrip-
tion of rocks I

Eottom Teatures

5alinloy (if sCu—
dents have leato-
ed this yelb}

Speelal features

—_——

—_ e e . =
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B3

TAELE 7. TEMPERATIRES I¥ AND WEAR TIDE POOLS AT

Items To BEe Considdered

Foal #1

Fansl #2

Pool #3 BLe.

_______ [ Spp—

—

L — ] =

Esludenta doing meazuring

| Time of dav

Sunny or cloudy

Wl

WATER TEMFERATURES:

bot tom of pool-————————

near surtace of poolo=m=

in ocpan (near shore}—-

s ROCK TEMPERATLEFRS:

at rlm #f poole==—r——-

dry rocks 1in sup—====--

wet Ttoacks 1o Aum=v==--—

dry, shaded ¢reviceg---
L

wel , ghaded crevices———

&1R TEMPERATUERES :

one rm akove popl-—-———-—

oot cm above wet tock—

one cm above dry rock——

walst high near pagl-—-—-

REEMARYS

The collected data can be dlacnsaped In

for the pext problem.

conjunction wich data collected
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frablem 3. LIFE T¥ THE T1DE FOOL3 EANDE 2, 3

Elementary children do not ordlaaelly know the namces of algec, lnver-
tebrates, and [ish found 1n tidée pacls. Helther do meat of us redchers.
This is culy a minot handicap. Sketchesd and made-up names oan serve Eor
temporary rocognition. Eyes, €ars, DoAcE, and fingers were made long
before books which contain lists of sclentiffic names.

Problems:

What differeat kinds of plants grow in this peol? coler, height,
"leaf" type, density, partly in or out of water, ebc?

Do the plants grow all over the ponl or in eoly some placest Whtrh
placas?

Wnact, if enything, doea the sea weed contyibute to the life of the
peol?  {hiding places for animals, {fpod for grazers)

What Flsl liwve kn this peal? =ize, color, shape?

How do che fish behave? Do they keep hidden 1n crevices, swim f{ast,
swim slowly, Jump from rack to pack?

what "sitging still" animals live in chis pool? What are their
kinds, ahapes, numbers?

Whar liwvea in the hottem of the pool? 1f there is a muddy bolonm,
whiat lives 1o the med? Can you see Ltacks or hueles in the oud or
gand v the bertom?

What lives hidden in Lhe crevices of the reck and amnp the hoeld-
fasts of the sea weed?

fuestion for Eollaw-up digcussion:

Compares the pools observed by different groups of students.

Suggested Procedures.

Flan the field trip work with theé students, aelecting questions From
the abuye 1ist or ioventing others te be pursied 1o group apslgnments at
designated panls.

Data sheets meed to be prepared ahead of uime. If students have
difficulty devising a blank data sheekb, the following table car he modi-
Fled to fir the plam of action. A zeparate table is needed for cach
student group or for each tide pool.
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TABLE 3. FLA&NTH AND ANTHALS IM TIDE POOL HUMBER

{high
{middla

{clpae to orckeand

This tilde pool i1s

Obeetvets at this pool are

-

Itemys T Be Canslidered

| Flant ov
! Animal ¥l

Plant ot

Flant or
Animal 3

Animal #2

i Sketch of plant or animal i
. geen 1o pool.

:Hamc 18 knawn. Dthertwise &
| made=up phrase which des—
'pribes fE.

R

e e = .-

Locaciop of plant ar enimal
~in tide pual.

: Abaut how meny pf this plamt
.or anlmal are ssen 1o this

poal?

1
lHEhaviur of animal {What is
Lt dolng?)

Other oheervationa.

LT L

Follow-up Discussicn fer Problems £ and 3.

Dfacvseion of data on both the phveical environment (Froblem 2} and of
the bipta (Problem 3), can be done either while gatheted ip a group at the
bearh during an Extended Field Trip, or after returming to claas. The fol-

lowing questions may he vaeful inscfar as they apply.
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Frablem 1. Physical Featurcs

—hat features d41d all the tide pools have in common?

—hat were some of the hipgest Jdifferences ot varlarions among the
tide pools?

-Tin you think a tide paol Ls like a rain puddle [n the schoal yard?
How or how not?

—(ympares the Lemperatures of waler, rocks, and air.

—What might cause the higher ve lower temperatures at diffrrent
places?

-How mipht the Eemperafture change at different times of day? Wonld
you predict that the rocks, air, and water will coml or heat the
aame anount or at the same rete during difterent hours af the day ar
night? How could veu Elnd oue?

Froblem 2. Life

=0fd your pacl ceabaln more plants or more animals?

—How dv the tide pool plants differ from land plimta? {Many limu arc
aot grecn; their "leavea' arc dlfferent.]

—-fan you think of any uaes or walues tor the tide pool plants?  {food
for people, [ood and hldiag places Far tide pool andmals.)

—that snimals &id you find In your pool?  (Y¥ou might explain here fhat
ancmunes are animalal)

~Wire there many animals of any one kind? Which kinds were mosL
abundant?

—Did any of the animals crome out wf che elde pacl? {The little Blenm—
nies and Fack Skippers often jump out.)

-bo yow chink you wissed seeing any of the animals?  [(The s1wdents
probably missed aboui 0% of them due to inexperience i observation,
the camouflage of che anlm#ls, and rhely abilily ta hide io crevices., )

Discussion of Ecological Data:  Cemparisons,

Lovk For sets ol data which seem to carrvelate., Carrelatiuns and com—
parisons beceee evident when data from individual groups are amalga-
mated Into one blg chart. The follewing supgesi lons may assist In
huiding 1he comparisons.

-Compare the plants, animals, and phrelual characleriaties of the
different pocls. In what ways were all the pala alike? In what
ways did they diffcr? Can you acoount for the likenesdes and diifer-

encoy?
~Compare number of fish with size¢e of pool, depth, distance From low
tide, [empeTEEUTES.

~Compare types aml numbers of invertebrates wilh presence or abzence
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of sea weed, type of bottom, size and depth of pool, dlstance freom
low tide mark.

—Examine data for things which deem comsletéentl¥ ta be found together
surh as aea aurchins and sea urchin heles, sea cucumbers aod Aandy
bottom, and acher related secs af data.

-Fxamine data for anlmals which- seem 10 live clese together or in
bunches (g.g. briftle stars) in confrast with anlmals which seem to
greur only one or two, here and there.

-Nile any dota which seem to increase or decrcass rpgecher, e.g. the
higher shove the tide line, the mare perlwinkles, i1 ¢hls Is the
e -

—nak the students how many anlmals they saw in Lhedr Tirst one minute

of watching, and how many they saw afier quiet watching [or a4 long
time.

—Ask: If you weve a tide ponl snimal, which animal would you prefer
ta be? Why!

-pgk: I[E vou were your favoriie rlde pool animal, which of the tide
pools exaeined by the olass would you choose to live in? %Rhy?

Conclusipn and Repucfs.

Disrussion Is followed, or accompanied, by written {and pesaibly
{tlustrated] notebook Tepurts. See the PROGEAM MANUAL for repotting
aryles. Less cxperienced students even 1f they are 1a upper classes, will
write less complete roports until they have had opportunity to practice
report writing.

Specific tide pool animals which catch student interest creste a paiat
of departure for making 2 special study of thase individoal animala.  Hany
cotmon tide pool animals are treared as separate toplos In this book wirh
problems and background for thelr apercial stCuody.
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3, TIDE POOL IN THE CLASSROOM

[ngroductk Ean.

Bringing & blt wf tlde poal back to the classronm allows for more
detpiled observation and prolonged data taking of certaln aspects af what
was observed Lo the {ield. A classroom 'tide poal™ [s oot a subsiicute for
Field wark. It Ls a follow-up study.

Haterials.
_#lat, non-melal pana (plastic akee bores, zlase bBaking remz, flat,
cieatte panal
—Bupn iy ol sea water
_mide poal mrterial oollected duping = preliminary Fietld tip
—iland lenaes Fop chasroations

!thl&m: BAHLS 2, 3
i o a detailed study of ome mspece of = tide pool. (zee below for
! examples)

Suggasted Frocedures.

1. Set up flur pan aguaria, possibly ane pan pev student group. Hee
Serglimn 1 of this baok on £)at pan aquaria. Hele what 1s gald there
about evaporatlon frem flat pans, salindty levels, tlltiog ot pans,
and aeration frem npen surfaces.

2. From ahdervat [tma made and koowledge gained durfng field Lripe, seduct
a classroom tide pool study., The students should have some 1dvas and
prefrrenres from their ficld experience.

3. Collvet 1iving materials from pools as needed, kegplne conservation
peactlces In mind. The collection can be made by studecta seforc
achool o during & apecial Short Field Trip to Lhe heach by the class

tn pather materials futr the classcoom Seb-up- The students who maln-
tain rhe classroom atudy should do the [1eld collecking so that they
can compare thelr clasarcom conditlicms wilh the sctual hahitat. ll=e &

battetry operated pump ducing transport of thie animals feom ocean Lo
clasaroom-

4, 4 dats sheet should be designed and placed mext to each classrant tide
poe] and information lvgged in Lt at gach peried of cbwépwation, |.&.
daily or several timea per week.

3. The {uliowing typea of clagsroom tide poals or wthers cf your oum
design might be set up, depending npan preference and availsbillty of
materials-
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a. A Miniatnre Tide Baal.

Cather from a teal tide pool A 1ittle bit of cach kind af thing
found there, szuch a3 a gmall clump of sca weed, a small scoop af
Bottom maletial, a few hermit crebs, shella, ete.

Oboprve how these find hiding places and select foomd from day to
day, how they aurvive, and how they esteblish "in-howse™ relation-—
ships.

k. fi Mod Bobtom 1lde FPopl.

Collect & fow scoapa of mud bottom and pue IE in a claasroom pan
covered by very shallow Aea water.

Each morning, look Far tracks and heoles do the mod as weell as
actual animals. Xeep data on kinds and populativns, thelr sur-
vival, other changea.

c. A Hea Weed Tide Foal.

Cather a clump of %ea weed from a veet flar, ervansferting 1t
guickly {rom its natural habirat Into a bucket before small anl-
mals have a chance to escape. Flace the clump with its inbabi-
tants [n a claseropm pan havely cowvered with sra warer.

Take deily data on kinds, numbers, gl hehavior of whatewer llves
in and around the olump.

d. A Yarlegated Classpoom Tide Foaol.

Set up # very large but ghallew classroom tlde pool covering the
top of an entire tahle. {Use a plastic showetr curtain (o line a
large {lat eardboard hox to gel & large flat panl.} Im 1t put a
variety ot habitacs, such a3 clumps of sea weed in cne corner,
racks plared here and there, sandy hotbom Iin one place, mud 1o
another, and se on.  Besides keeping ihe water ghallow, a few air
stones can be added, artfully hidden under siones.

Have the students, with help of a hand lens, make sketches af all
the riny animals they can {ind in the poal. Since new animals
keep rrawling oul of the rocks and sea weed, this may take daya
or even weeks. O(me pllet teacher had her Eourth gpraders take
their sketches home ta ask pareatal help with identificaciam.

This grnerated considerable interest hoth durlng and afcer schonl.

2. A ne-Rock Tfde Pool.

%et up a glosa pallon jar ar & small aquarium with a bare butrom,
clear aea water, and an airline, posslbly vne or two gl Fpscones
anchored pear the roek after {t 1% in=talled.
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Pick up a swall corsl head ar
other cock from underwater on
the reef flat and place 1t

immediatcly in a bucket of zea amall
waler before any animals have ,-‘ﬁqlif 1ine !E;hniﬂlng tunk
an opportunity Eo run out. i —
Transpart to the classroom ] e

using 8 battery-aperated pump.

Fatablieh the cock in the
classroom contalner and watch
dally for whar «omes out.

feep data. MHeke sketches.
Feed and aerate as dictaced by
the nature of the beasta which
emerge. Transfer animals as
dealired, ooc by one to the
regular classrom aquarium.

cardal head

&, Further Ideas Far Clessrcoum Tide Popl srTudlea.

Each student group may sef up a small classvaom tide pool of the same
type bub each located in & different part of the romm in diffecent
degrees of 1ight. Cempare wffects of differences in light on survival
and behawvilar.

Each student group may set up a classroom tide pool under the same
conditions of light, temperature, etc. but €ach containing differvent
populacions of snimals. Wote which aplmals thrive and which de ot
vnder gimflar comditions.

Each =student group may =set up clagsvoom tide pools having Lhe same popu-
laticns but at different depths of wetce, sizes af pans, and other
physical differcnees. Check effect of greater or leas space on hehavior
and gurvival of populativos.

Conelux Loat .

Af rhe end of the classtoom tide pocl study, surviving animals should
be returned to rthe aesa,

Student reports should be made in aotebooks showlng atatement el pro-
blem, conditions of and methods of study, dala, sketehes, and conclusions.

later topics ia Ehis book gilve problems and suggestloma for Investlgac—
ing some specific tide pool animals such as herwmit crahs, periwigkles, and
many others.
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4, CRABS AND SHRIMP °

Introduction.

crebs are one of the more active intertidal enimals. What would the
segshore be without crahs scurrying over rocks, streaking ascross sandy
beaches, or sculling mear river moutha? Crabs along the shoreline are
varied, abundant, and active, gualities which make them appealing 1o Young-
gtera.

ot all of the field and claseroom problems in this topic can, or even
should be pursued i one year. The gimpler omes (BAND 1) can be done By
vounger children or by older ones durlng theltr first vear of exposure Lo
Eeef and Shore activities. The wore complex problems, eapecislly L hoze
matked for BAND 3, are guwitahle to upper elementary clagses after the sto-
dents have had one or more years of previcus experjence with Reef and Shore
inventlpations.

Teacher Background Information-

Crabs, shrimp, and their kin have a crusty, segmented skin and Jointed
legas. They populate the pcean with a diversicy of celars, sizes, and
funcclona.

Despite eome exceptlons, true craba are short, wide, and Flattened
top to bottom. Shrimp are long, narrow, and flattened aide to side. This
baslc difference in bady plan is duc in large parl to Ehe presence ot Tedoc-
tian of 8 taill, or more properly, an abdomen. Crabe arc "shart-tailed' and
what ahdomen they d¢ have usually §a Flexed undet thelr head-chest. They
alap have short, stubby anregnaes, as opposéd £o the long, graceful anteomnae
of shrimp. Cenetally, craba walk {usually pideways), while shrimp swim,

Although the students may [Ind a crab Ercm any of the famlliea of
erabs, some ¢raba are more likely to be feund than othera. These arg the
rock, awimming, ghost, and mole crabs.

Rock Crabe. Family: Grapaidae {prip’ eI 4E).
Squarish “hacke"; eyes on short stalke near
two [roat "corners”, large space between eye-
gtalks; pointed legs; flactensd body aod logss
dark voler. Found on rocks, high tide zone.

s e

*0peaba and Shrimp " was developed, written and field tested by
RBarbara 5. Culliney.
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Swinming Crabe. Family: Portunldae

(phr too' ol d&). Fifth pair of legs hanr
last segment flattened to serve as a gwim-
wing paddle; widenuid "hack", aften termi-
nating laterally in a point. Sevaral
apecivs often found swimming near the
aputhe of streamA; other specles may blend
in and be partially burled 1o gand or mud.

Ghoat or_Sand Crabs. Family:
Oeypadidas (& 51 po' dI 48). Pale celor;
pyea on long 8Lalks, vith small space
between them. Found on ARandy heaches
above waves; [n deep hurrTows OC running
fasxt ower beach.

Mple Lrabs or Sand "Turtles' .
Superfamily: Hippidea inf pl d&™ ). Hot
a "True Crab™: body reounded, rather than
flattensd Cop to botrom; leng, feathery
anteonas, Found ino surf zome ofF sandy
beachid; may he seen in Limes mlgrating en
mEsse to atay in surf ag tide ebba and
flopds. The Pawailan mole crab diagrammed

here Ls Hippa pacifica.

Black—fingered Crabs. Family:
Xanthidae (zan' thl d4&]. "Finger” of
c1aw pawally colared hlack aor dusky
roundish "backa” {so some types called
“papble crabs't; pointed leps; chunky ,
hefty bedy. Various habitets: many
kinds found in and among Lranchlng
corals; orher klnds along rocky ghores
at low tide; piten found in Bamée aTrea
aa Tock crabs, Lub Xanthids usually
founcd under racks.

Hawail Hatuve Study Froject
Beaf and Shore
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Spider Crabs. Superfamily: Oxyrhyncha
(4x" & rIn’ ki}. Trlanpular “back”, lemg
leygs and small body gives a aplder=-1ike
appearance; curled or hooked haite on back
ugied te hold on to sea weed, etc. ko dis-
guise [cgelf, ap often called "decorator™,
Mmasking', "sea weed™, or "camouflage'
srabs, Found in limu on reef; may he
washed ashore in the midet of the limw.

Box Crabe. Family: Calappidae (k¥ 13p' 1 48).
Crabs "closc up" like a box when disturbed;
outer edpe of "back™ has & narrow "ehelf" that
hides legs when they areé held tightly under-
mearh; claws are mdified to Fif snoggly
against the crab's face., Found in sandy areas,
i water.

GHOGET OR SAND CRARS (OCYPODIDAE)

Introduct Lom.

Whu makes those holea and tunaels on eandy beaches? Two gpeclea of
shy crabs known as sand or ghost crabs, that's who. They are called ghosc
crabs becavde they are more commonly wer ab night, and hecause one 3pecles
in particular iy paly and very difffcult to see agalnst the sand.

Becauge of thefr obiguitous preeence on all Hawailan beaches, sand or
ghost crabs make a good point of introductien inte the crab werld.

Prahlem 1. MYSTERY BRACH HOLES BAMDS 1, 2, 1

Thias fs a topic tov purdaue during a field trip te the beach. It can
begin with an examination of those owlticudinces holes in the samd of all
typed, 9izes, and crigios.

The problem questions given below, svemlngly addressed to stuwdeabs,
actually need to be adapted by the bteacher to fic the sitwation at hand.
Some questions may be asked at the beginning of che fleld lesson. Then
give time to make observatlione and draw inferencea which can lead ioto
further questions. Hot all the questicns listed here need be used. Om the
ather hand, g#tudents may ask oseful questions not anticipated here.
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Froblems:

Norice the holes in the =and of the bearh. How do you suppode Ehese
myeterious holes were made? Do you think =ome perscn poked a stick
in the gand? Could the waves have made them? Do you think maybe an
anjmal dug them? Are there any tracks or othar clues around the
holez to help you formulate an hypothesis?  Kueep youl hypothesizs in
mind as you consider the following quastiong.

are most of rhe holes close to the sea waber, of far up in the upper
beach zome? How can you accurately find out?

Which direction do the holes face?  Can you think of a reasom tor
thie?

How wlde are these holes? Are the hig ones or the small cnes
clogeat to the waveal

Are there piles of =mand near the holes?  If theae mounds haven't
been digturbed, can you detuermine if they have different ahapes? Do
large holes bave differeatly shaped mounds than sand plled near zmall
hales?

Look ingide the holes. What doed the runnel look 1ike? Docd it sced
1o po sltaight dewn sharply? 0Or doga it sesm to CUTVE 1o ORe side '
and go down graduelly? Do qmall holes seem to have one kind of bun-
ael and large heles another?  Tey digging wp different kinda of tun-
nels wlch your hands; po slowly and carefally, fo gee what kind of
paths they make as they go dowt .

51t down about L0 yards (or meters) away From the waves' edge. Be
very quiet and motionless, and watch the holes. 1 you are quiet,
something will come aut of the holes! What 1= 1c? What do they da i
Wave your arma; now what do they dou?

Hemr can you get ooe of these animals For a closer louk at it? Canm
you dig it wp? Can you cateh 1t?  Gan you trap Le?

Suggfsted Procedures.

1.

Perhape the holes will ahvigusly be more pumerous in epe part nf the
beach than eoother. 0On the other hand, perhapg they will scem bo be
awvenly distributed. In arder Eo gef an accurate plefure of where the
holes ate fand consegquently, where ghost crabs live), studente may
suggest counting the holes. Help them decide on & gtandard area in
which £ count all holes.

For example, you m#y want ta pace off an srea running aleng the heach
{zay, {our “teacher's paces” wide) and extending all the way inland te
the trees aad shruhs, ot to where the last hole is {sav, 2% "teacher's
paces" deepy. Divide the SLTip by pacipg off the length into five
wieacher's paces" subsectlons, llke so:
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Yon Ay want ta designate several sueh arcas oo the heach, snd llvide
rhe class Lnto groups, each one responsible fer runting heles and
reperting resulfs. The acudents cao then swerage their findings und
perhaps draw up a graph when they return to clasg. What ceome luedons
can be drawn as Eo whepe ghost crabs ldike tu live best? [Thiz ques-
tion is mate complex than Ls lndicated here becvause there are two
species of phoac crab, 1Tiving in different pares af the beach. TPethaps
gtudrnts will discaver thls tram thelrt sampling; perhaps they will get
4 "himodal Jistributilon”, one with two areas of high numbers of holes,
oo o the upper beach, the other {n the lower heach.} For uppey level
atudents, data on sand erab populations cam be develoned into a formal

spirncific reputC.

Teacher Backpround Ipfarmatiom.

Sand ¢rabs spend musc of their time on land, veburning Lo the sea
occaslonally ta rewet their gills, and far reproductive puTposes.

fmece it Es made, 8 phost crah tends o keep to hla cwn burrew, veburo-
ing to it fram five tv ten yards away when glatwed, He may guard his burcow
apalnst crab intruders.

BLtrows are Sometimes deeper than four Eeet, belug dup as decp as
nacesgary Lo reach molst sand. 17 o ghoat crab starts the eplirioce of hls
tuonel at a wery bigh tide locaiilan, he has o lomg way Lo dipg!

4 marure male ghast crab's tunnel can be distingulsled from those of
females and juveniles. First of ell, the pile of sand agutside of a male's
tunnel 1s large and comes to a peak.  (lookIng dowm along che shore, they
resemble an encanpment of repeea'}  Perhaps thesc high, neaked sand piles
help attract females tao the males' hurrows during mating seasan.  The
apening tv the mature male's tunnel 1% quite large, and, leoking inside,
the tunnel wveers to one aide as it desceads. I you Lrave LC further, ic
coptigpucs bta curve corkacrew-fashlon, termicating im modsi sand. On Lhe
other hand, a Juwvenile or Female tunnel 1s marked by a rounded mound of
gand: 1ta opening !5 =mall, and fr drops rather steeply stralght dowT,

Sipre Ehe crabs burrow wich thele targrst vlew direceed toward che burcows
entrance, you can determine whether a crab 12 right-ar lefe-handed by locking
at the direction of spiraling oF the burrow. I{ a burrow spilrals down toward
the left, the large claw 3 on the left side of the crab that dug the bucrem.

Thers are two sprclea of phost erabs in Hawalb. (me (Drypode laewia) ds
small, has yellow eyed with hrown on LOg, and generally lives closer to the
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prasscs ond buskas. The ather specles (Coypode ceratophthalmus) is lavger, has
pucplish-hrovm eyvs and by, and tends to Live clager to the zhere. The larpger
saeclza is easler fo cateh, because |7 wandera Zarther trom its burrvw, bac
iz harder koo keep alive koecause i 35 pere apt to (Lghr @l damape itself.

Problem . CATCHIMG SEOLT CEARN Batms 1, 2, 3

The peint «f Fhis activity {besides lizing lets ol [un) Ls Lo obtatn a
number of speclmens tor claser ahaservation.

Materialis.
Feprd fomesi, dermcding oo e fned namil

- - . e e
PR ] LAY O PR H

—thme oAb ompnd b @1, aen f

.. o
Tlresn: Al PN L)

-aienal oma-vaek sesk (eddesaer Lypel neie
SN L BumenTdo e L cognng e gl , Shree-1l oo STos congl

rtoblem:

Cateh aame ghost o sond ctala.

Sugpesred Procedures,

Catehing sand crabs takera some deing, even glven the advantages FH
alobkle Eeet and laceds. The stodenls way have ldeas on heow Lo get a ghost
creb (rom theiv own brash experiences. 1t they need some fdeas, you mlght
want to suggest unge nf Eheses

1. fLatching Crola Ly Hand or Nel. IF ia easier to callest ghest crabe at
mlaht, but vou can ol Yeast try catchlng them during a daytime Fledd
trip. They moy¥ ke ditticull ter cacch hecause they atw su;h fast run-
ners (A3 much as L.6 meters per second, or 10 aphfl. Try waitiog
motionless uscil & erab has wandered away trom its hole., Try and
catvh #t with a ped. Mayhe a partner can block the crab’s path te [es
hole. Be quelek!

2. Digglng Crabs. ESome phaost crab burrows are quite shallowi vhildreo
huilding wanl cascles somecimes cncsver them,

& crab at Lhe bactom of itw burviw may be digglng lts bale deeper as
fust as vou can dig with wour hands., Ha, ¥ru may went to dig quickly
uginp & ghowvel, Tf the crape still ger owdy, ¥ou may wanl oo LYY thie
method. Oa¢ student digs wlth a showvel, piling the sand in &8 box
siewie held by one or twe wther studenls, These students showeld shake
the sand Lhrpouph tne siewe. Perhapr several othetr students could help
the slevipe pravess hy pouring sca woter Erom buckets gently through
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the slevwe., Dezpilte vour best efforts, sometimes a ctab may eacape out
aoather entrance!

Bix STEYE

L—Inch
hardware ¢ linh

'-.- w 4"
hizamils o sildes

3.  Trappiag Craba. Balted traps that require somrond to be presest do
not seem to work, or at least chey may take ag long to work ae to be
impractlcal. But perhaps =tudents can locate an arca whiere there
zeggma to be a lot of ghost crabs {f.e_, a 'ot of holes), dig & hole,
bury a bucket ar large cam up to ite briwm, baiv it {pechaps with a
freshly opened clam er wmusscel), and leave it alone for & half-heour eor
sp. Presumably, awy ghost crabs that get into the bucket will oot be
ahle to gat ocut.

Froblem 3. OQBSERVING SAND CEABE IH THE CLASSROONM BEAMNDE 21, 2. 1

This problem entalls bringing some crabs, preterably 8 few small ones
caught At the beach, back to the classtoom for eloser abeervatlion of their

anatomy and behavicr. Chest ctaba, partiewlarly the larger of the two
speciew, tend to mubilate each other when confined togacther in a small

gpare. Therefore, it would prokably be heat to carry only one pierc bucket
back tu the classroom. Take some sand, and sva wabetr In 1E3 own cantainer.

The first joh In the classroom is to malnftalo rhe crahs adequately.
4 decieion by the students on how ta house end care for the crabs can can-

yLiture the firze part of the lesson.

Materials.

-4 Jew small ghast mmihe

-4 big, deep containdr (&.g., plaasis diak saom, aluwmind roadding
g, gt}

-Gand

=Jea wdkar

~SancEr, or slazetio jar Ltop, Fovowaber ged food
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FProblems: |

Hous Lo, !

Where wys the anest ccob found?  In the water or in the sundl 7

Would it he better to put the ghost crab In & mostly watery place,
like an aruatium, ar in most ly a sandy place?

Foad:

What ditbterent things would you try to fced the ghost crab?  What
dovs ic like best? Hew «does the ghost crab eat?

Alrc:

How do vou suppase a phost crab hreathes? Do yon think it needs
waler ta breathe? Sue what happens IF you put a 1Iltile saucer,
or plastic Yar tcp, f£illed with sea water Jn the sand. Dovs Lhe
rrab use this waler?

Lrabh Communical Tro:

See if vou van find a ridge of 1itble bumps <o the inside cE ane ol
the rlaws. Closer fa the bodr om rhe Rame claw, can Fou find a
knob? whar wauld happen f{ the crab rubbed the ridge over Lhe
knah? ‘what happeos when you rubk o bair cemb ower a knob, or some-
thing #lse hard, like the edge of a table? What could Lhis ridge-
and-knoh systim be wsed for? Lf you find a dead ghasc crabk, or an
otd skin (male), rub the ridge on thye <low agaimat the knob. What
antt of scund does 1t make¥ IE yow have a magnlivlog glass, what
does the ridge Iook like? Are there many partfs to ic?  Could Lhe
tab make more than one kind of sooed? 0o hoth male aond Fewale
ghost crabs have this ridge-and-knob system? Why might crabs make
sounds? (warnlpg «f territorial limits, mating calll

Lrah Benawvicr:

How do phosi vrabs behave toward one anothee?  are they friendly?
agpressive?  unaware of one anather?! Do ghost crabs spend must of
their time slecplog or resting, av da they run arvued a4 Tot?  How
do they mave? quickly? =slowly? wlth ierks, atops, and siacis?
amoothly®  What else do ghost ccubs do?

fugpestrd Proredures.

srart with a fatrly hig, decp sontainer (e.g., newfclean plastle dish
pan, or trangparent plastic hox} w@with a layer of wet sand o fhe hattom.
Flace A snallow container of sea warer flush with rhe sand se that the rrab
ran rewet its gllla from time to £ilme. Thls wacer will necd Ly he empbied
and refillad usually every dav [mayhe It can go Felday to Monday withour a
change) to keep the right degpree of cleanlineas and salinlty. Fut a top
acruss the container, tr keep the vrab's environmene buedd, bat Leave it
gliphtly ajac tn allow tor swne asration.
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Ghost crabs hiove wilde fond preferences, being both scevengers and
hunecers in their natural babitat. You might trvy fevding them pleces of
fish, mussel, or hamburger. Try the pill bugs and InAecta that atwdents
cagg gather wmdermeach rocks in the achool yard.

Gthery ¢laasvoam activitiles with sand crabe entail observing the parts
of their bodies and distinguilshing males from Females. Body pattas of crabs
are deacribed winder "Rack {rabsg'" and "Swimming Crabs' but can be uzed here
with aand crabs alsa.

Student nolebouk repoets oo sand crab ohservatlons ceould include z
numbar of student diaprams as well gz recordings of observed behaviaor.

A ghoat crab can make a "filing, creaking, or buzzlog" sound when
1t rubs a ridge oo che Iogide of e claw agalnste a hump on the
game <law.

Problesm 4. RARY LHOGT CRARS BaMDs X, 3
This ilnweatipgation ia hest done at the beach, praobakly by the older

studenty.

HMateriala.

—Hewl of o wataer

Praohlems: BakDE (1), 2, 3

Find a tiny ghoat crah hale ax cloge to the edge of the waves acs you
can. Whet clucs will you look for to help you decide which is a
ahazt crab hale sl which 13 a amalt alr hole?

Ut P - S

(cont'd on next page)
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Prohlems: (oonk'd)

Dig [t up carefully. Look for something that looks like & small
(1/f-inen diemeter ar smaller] pebble. 1t mavy he bluish.

Tf vou find this "pebble™, put L[t 1na howl of ses water. What hap—
pens?  Look carefully: what da you think this "peblle™ really is%

Euggested Procedures.

Help the studenca look for holes wirh tiny balls of sand meay chem,
and ather aigna cf crab acLivity.

OF che two species of ghoat erab, the larger haa a late-stage larva
that iz blulsh.

See Tepcher Background oo Crab and Shrimp Young foc more Infarmation,

Student aotebooks might reflecc student observatbons, opiniaons, ar
wharever data was rcollected about juvenile guand craba.

ROCY CRABS (GRAPSIDAL}

Tntroduction.

Grapsid crabs are waually found scurrying over rocks in the uppur
tidal zvne., They are covered by che tlde only occasiuvmally- When chased,
they hide under eocka. Their tlateened hodies and legs help them crowch
against the racks to withsraod the force of splashiog waves. Thie body
shape also sercs helpful when they sdge under very narrow spaces hetween
rochs, or between rocks il gravel.

Bock crabe are 8 convenient proup by which co get into a study of
crab behawior and anatomy. PRock crabs are relstiwvely easy to catch) they
are plentiful so ther are enough to distrlbute amapg the studenls, and
their c¢laws are not as owesome as other kinds!

Problem 5. CRAGS (N THE ROCKS [Field Work) BARDIE 1, 2, 13

The gquestions (v thia problem are intended to draw attention Eo rock
crab habitata, hehavior, and camouflage in thefc eafural environment. The
questiona given here can be discussed with ov given to Lhe students before
golng on o fietd trip, or the reacher can sit 4m Lhe rocks with the stu-
dents and generate quesclonz similer to these as events dictate.
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PFroblems:

Examine the black lava rocks along a shoteline zrea teo laok for
ctabs. Sit quietly oo the recks ju=t above reach of the waves and I
watch For them. Where do the crabs hlde? low long doea it take !
then to venture put after your arvival friphtened them away?

U0 many crabs seem [0 ogeapy the same hole or veevice or do they
each llve atmme?

Wwhern they do come out of hiding, where do they go? What do they do?
Hew de they mowe?

What colers are Che rock erabs? Of what Lenefit to the crabs mlght
: thelr colne he?

llona far above or below the water and the tide Llpe do they seem to
live®

Sugpeuted Frocedures.

1f sigdents are ta be successiul in doing fileld cbservatlons of tock
¢ctaha they will have io be convinced to sit wery quiecly for a relatively
long period and watch. Depending on the class and the lacation of the
school, thiz cauld possibly become a homework assignment far owver & week-
and.

Joservat luns can he pilven emphasis by baving the students report
orally, by having them make a bulletin board display vr mural of vack crab
habitats with crabs vizible, ar by individueal oarebook reparts.

A sequel to this problem 1s bo catch a number of vock crabs Eor cluser
obsetvation in the clagsroom.  With patience and a little apeed, this can
be done by hond. Since the rock coab pincers are relatively harmless, the
craha can be grabbed withiout fear and quickly pupped 1oto a mesh bRE or
cavervd bucker,

To Lranspoett rock erehs back to che classrocm, put cnongh water 1nm a
bucket tn come mid-way up the rrab; ther do noel nesd ta he dmmersed in
water, It would he a pood idea (o bring some extra sea water in another
bucket; this ran be used co 2et up crab teaws in the classrocom.

Grapsild crabs normally pick algae otfE the rocks they ldwe among.
Cather sotie of these rocks and transport them back to the classtoon 1o a
malat bag separately Eram the erabs. I this way, the rocks will nor rotl
gver Lhe cveaha, poasibly damaglog them, during the tlde back to achool.
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=L r -

Labpracnty HMalnCcenanss. !
' tight vower

Althaugh raock craba csm be kept
in the Tegular classroom aquatiuam, L
thelr natural hahitat they are not

nomally under waber for Long perlada. l

Therefare, It would be hetter (o Set ‘
rhem up in pans sledlar te those

descepihed for hermit craha. FPaos
alzo allow Far brefter obscpvation of

the rrahs’ [ndividual and social
liebawiars.

plastic or
alasa pan

Put the whale pan i a stocking, or cover Lt Irn gome alLher non—alr-
tight way, atherwise, the crabs may Lscipe and die in seme covner vl the
rlass Tadan.

Some specimens can be kept in amall, plastlr: glasses or glass juacs.
Crabs in glasses vanl he passed easily from sindent Lo student [ar ohserva-
tioms, Plastjc hags f£1]led with sea waler might make goued viewing coen-
talners althougs the crabs' poloted Jegs may aagaialy puncture the plastic.

Graps{d crabs are usually canivorius. Lesides eatleg the algal film
on rocks, they may catch seall or hurt snimals, ewen cheirt own kind, parci-
cularty 1T they are crowdad Legether. [m our pxparience chey did nac sEem
to 1ike raw fish.

Problem 6. LEAB SPEED BAMNDS Y, 2, 3

Crab raceR can be held wirh primary studenls as 2 fun zame, acd wich
aldiec scudents in comblpoclon with a mathemaeles Lirsson,  Buih rock crabs
am sand or ghost crahs make good “contestants! for thls activily. Swim—
ming vrabs can alao be used,

Moaturclala.

—Faek pp aod onohsE

~Stomoatsk, or walod with o gememtd famd (TDAND T mnin )
_¥apd on mater Aetok CRAND X

-Ftriug CRAAND X

Frubiems:
Can yuou think of a way [0 measure how fast a crub mowves?
Hone faust do ccghs run?  Haw tast de they run compatred io us?
Where or boward what do crabs Tun?

Mow de Lhev behave when they arrive at Ehe waters' odge?
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SUEEEHtEd Frovedures.

Students may have fdeas on how ko messure a cvab's rate of movement in
- getting sway. Help them realize they will need to establish starting and

ending pointa.

A "race course' mIght he constructed by laying out conventrle clrcles
of string oo & smouth atea of beach with children statlaned at Intervals to
ahmerve and time the "contestanta'. Rocks might he used as vbabacles, as
crab "goals™, ss sttractlon centers, far crabs secking shelter, or as

- anchare for the atring.

_=Urah released
he v

string

_astudents
*H"'.:_mﬂ.l'n:-r rarks

- The starileg point 1a where the crab is et go. The end polnt can he
the edge of the waler ar any landmark on the beach zuch as a rock or the
place at which the crabk croases the string. Measure the distance between
Lhe starting and eod paints. This discance, divided by the btime it Lakes
the creb tu travel it, is the rate,

Lf mare than one vrab 1a vaced, you could measure the rate of each and
get an average. Are males or females faster?! Maybe you would alse want
to meagure each creb acrosd the back to see 1f smaller or bigger omes move

Faster.

One authur valeulates sand crab apeed to be about 1.6 meters per
second. Hew do his results compare with youwrs? How does thiz compare with

rock craba?

To compare a crab’s speed £o the atudents’, mark ocut a race course and
time several atudents’ running apeed. Calculate in meiers or feer peET
- aecond to compare with crab speed calvulated in the game unita.

If a human perjon and a crab tun at similar speeds, 1s 1t "harder' far
the human belnp to do thls, ar Ear the crab? What do you peed to comslder
to answer this guestion? Which anlmal {= heavier?! WwWhich animal nceds o
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take mporte sbeps to cowver the same dlatance? This i3 & diffieult guesclon
by Aanogwer, even [ar rescarch scienringts, hut thloking and wondeTing it
it helps us appreciate orabs and other Animals.

Problem 7. AFPEARAICE AwDF PARTS AF & CRAH BaMDS L, 2, 2
fheeyrations on Grapsid crabs captured from rocky ghoreliinea as indi-

cated for this problem apply tno crabs generally. Rock «vabs areé sSogpested

far appearvance and behavior gtudirs hecause of thelr abundance, moTe ar

less typical crab features, and their relatively weak pineers.

Hﬁtetlﬂlﬂ.

_Fame o sontaimers, holding ook orshe o copered T mEEh
~Magni fying glaselas; (optioeall

|
"Prohlems

What calpr ks this crab? How might thia he a goad color for the
erabht  (Mint: What color 14 the sand or rocksa whree you tound
this rrab?)

Hime does o crab feel ta yow? What sort of skin docs 1r have?
i Compare the orab's body plan bo yours:
You have 2 head, chesy, and abdreen.  Doed a crabk have &

similar body plan?

Veu have Cwo arms and two legs, ot Eaur “appendages”. How
many appendages does @ crab hawve?

' HWiow many sections, separated by jolnta, are in vour leg?
How many in @ crabk’s leg?

Yout hands arve different from your Eeet. Can ¥ou Bel Jiffer-
ences in the crab's appendages?

Whai does a crab's mouth look Llike? Does It have lipsT Gan I
i you gee any Eecth?

Ooes a ceah have eyea? eyelidst Can the eyes be mavel?
What are some chings that a crah has thac you donn 't hawe?
How da the varlous kIndg af crabs you have obsepved resvmble onc

another? How da crabs redemble shrimp! How are they different
from shrime?

Hew many females de you have?  How many males? (gee Prohlem 8]

{comifd an next pagel
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Froblems: {comt'd)
Can you diakinguish the craha as indlviduala?

Can you see water movling near a crab? What iz making the warer
mowe? Blow air ip and out of your wmnouth. IE this afc wWere water,
would you he making 8 walet curvent?

fan you see 1in what direction the warer current ks golog? Do you

thlok the creb is benefitting Erem this water curcent? 1 so, haw?
. —

SuEEUSLEﬁ Procedures.,.

Te make Lt essier for all children co participate in crab studies, L
wiould be 8 good ldea o have several trays acoundl the classtoom, with o Few
crabs (marhenp 14 ahalf-dezen crabs, depending on the ©ray alze] In each

LTay.

IF the students have seen ather crabs [or comparison, belp chem to
notire the Grapsid’s Flattenad bodry and appendages.

Fwen though LU appears to be almast sedll, [{ v carefully watech o
rrah in waleér, ¥ow may sev 10 creating water curtents.  The patbevn oay
vary wich crab eype, but water ls penerally drawn ln ower the gills ab che
hase of the two claws and [oreed aut throeugh the mouthparis.  In this way,
the gllla can extrackt oxygen, and the mauthparts can fllter food particles.
Parhapa the watey currents <an be seen mere readily if the surface of water
is sprinkled with a tiny ploch of chalk dust.

VENTRAL VI1EW
QF CRAB

il lisart s
: AU Enna

head- chust
{coenha Torhorax)
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Teacher Backgronnd Information.

All crzbs Belonz to the gproup «alled “Decapieda', meaning "ten legged”,
a terr 1hon Lz easily demenstrsted with most crabs, 18 the class is lacking
ar mate crabg, whiieh are nmol teoe craba, it way be hard to find the Elfth
pair of lega sicce they are reduced and hididen by the foucth palr.

Pop o few sperilies oo whichewer Fype of crab yow ors chserving, sed
the disgrams acd briet dvscriptions of crab Families at the boginming of
thls 1apfea.

Prablem H. AR SEXES BanDE 2, 3

Spx disl Inctioa given here far rack crabs, appliea to crabs in genmeral.

Hur&rialﬁ.

SMile wad Tewgle reolw dUotelhuned o growns of sticlaats
—Unnsred antoinarn o wnioh T keer the aroba wner not Lednn cbeepued

] e B ? L S g n
Mogees riing arlafoed TOUSRIRE D,

Problems:

Loak ar the claws of all rhe rerabs (ot the some apecles, or kind}
eallected by the rlaas, Do some rcrabs have bipgger oluws chan other
crabs?  Whick dpo vou thiok wonld have the blgper claws, males or
Fremalag? Whyt W e vau taink these bip olaws are TEXY Ty NS o

Lack ac tnhe anelomens of all Lhe vrabs (of the same species) collected
by the ¢laga. Do some crahd have widec abdowens than others? Which
dn yau think wenlil kave the wider abdomen, males or Dwmales?  Wny! i
Hiew brovaw think the alideman is ascd!

fently 11Ft up the gbdomen an = male crah aml on & female crab. Ts
there a differeace in theie Jirtle "hidden legs'?  Which kas more?
Whie?

fugpesnted FProcodures.

Tt wawally is puesaille to distinguish male froo icmale craha. Males
of some species have noticeably larger claws. The [emale abdonen is gulie
browl compared Lo Lhe male abdomen, |f the abdomen Ls geatly 117Eed awayr
from ihe rest of the body ume ran see the zmall appamlages. There aee
frwrr af these abdenirul appendapes in malea than in temales, aul seversal
are tusvd In the male to fvoce o capulatory orgsan.

Porhapys rlie ¢lass will ke Lacky encough te tind o lTemale carrying
mass ub egea, ot 'sponge” as iE 1s called, ftucked under hee abdaren, and
held in place hy her merve noumecous abdominal legs.
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wide abdeooer

FMALE

sl Does LaTizer

clhan toralae’s

it rie abdaren

Prablem 9. ERCCK CRAP BEHAVICE {(¢lassroom) DANDS 2, 3

General behavior ot reck crabs bas olecady bron obsecwed Lo the ELeld,
Thiz prohlem exremls the albservations to che clazaroom where more time can
be piven ta detaills and the action of the small claws can b seen.

HMaterials.

=Sevema! teve o rook orabs

=& Lipdrea ctngd nanin

—Pianbds drinking glozeses or glagd Jurs
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-Prpab lams

lierw i erolig rowe? Do thew walk or swim¥ Tn which JZivection do
they ususlly move? Can you cross vour hands al the wrise and I
deminarrare the ecral's mevement ¥

o cralhs scay in Ehe middle of the Lray or avar the sides? Which
wavy do they Sace?

Intc the crab tray, place some algas—covecosd corks raken Trom e
plare where the orvabs lived. How do the crabs beheve towsrd these i

rtocks Y ‘
|

&n animal may respond Lo mauy fypes al srimall o oarilder oo Tind o
prapet shelter. Are the crabs respondicg to fhe desire co be under
gomeching (i.e., dovs L& LiIke to feol something acomwmd I ar oo its
hack)? o Lo the (desirve ta ke in a dars place¥ or both?! <an yeu
Lest vour idea? Can vou Laink obf somwething Lhat =110 provide Lo
vraha withh somerlieg fa "anepgle” under, o1 next te, bhut will let
in 1ight?

Watch a crab clescely as i1 mewves on oa reck. What ds le dising w1th

1cs claws?  (pathering the algae that grows oo thee for Faod?

After the ¢ralh mas “ean in the tvay for a day or o, vou will begin
e nofice small pelleds scattersd arpuedd Phe bartor of nhe oy
Wnat are chesze?

Suggrsled Proveduois.

Feacly all rrue orabs walk atlileways. Have the scudents crass thelr

handes at their wrists and meowve them sidewavs., Tho "Llegs" ({inpers)] in the
forward posit lon grisp Flee subsrrate and poll, while che "lega™ in the rear
poaltion push off the substrTate,

In investipating the crabs” wse of rocks as shelter, The siudents may

mivee el om b T pEicesl. TP they et stuck, vou pE¥ wanc ta try the=a
sLops:

Cive the crabs in Trar #1 enly rocks.

What will hapoen 1if we pive them plass jars In Tray #27

What if we give them rocks and plass jors in Tray #2317

What are our results? Whal copclosions can we draw Srmom sur expari-
nent? Im the orohg gean ta he seeking just something to he under?

Or does I bave to also be a dark place? MHeee is o duata sheet that
miy e aseed wilh 230 3 stadents 1 they cannot Jevise theitv awm.
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TABLE 1. #esporse of Cruba co ARocks and Stedllar Objects
Tray Wo. | Cozcript Dn Crabs " Besponse
1 Crocks
L— z iglaaa jara '
— 1 - — ]
i 1 |Tnck5 and elass jers

Fubrther Bebawiarnl fhservael ions ol Rock Crabs, Many technical stwdies
hawe heco doae on the behavior of warious species of rock crahs.  These
crams ofren hawe 4 whole reperteice o’ hehaviaral activities; in vné sPudy,
thege wore rroorhes in bhis manney:

SLat ianary (sicsing, =tamling, posiog, sleeping)

locomatory (walking - bBack, forward, sidewavs, ruoning, jumniog,
s lmding , Laroowings

Faeding (lecdiny, cartyine e

Clvaning (faaz-athing, zrooming, egp-caring)

FliminatZvn (defnecacing, rognrgitacicg)

Flight [submissive peaforing, flveing, circling)

Agprussicen [peshing, signating, chasing, killing, low threatening,
igh threaterelan, striking - Tow and high)

Reprodact ive {wiving, steoaking, positivolng, copulating}

Although vrab= @y rvemain stacionary tor loog periods of {ime, =ome
oE the ahowe accions may be observed Ll Lrays of crabs are maintained Lo
rhe rlassroom owier a leng poriaod of rime,  Iaoterested BAND 3 students may
be made resporsikle toar mafntainlng the crabs wicth tresh wacer and food as
well as making carelul observaiions and notebook repotrts oo the i hehavior,
Carvfal ohservatizn mow center on such guesbions as:

—[pess Fhe sape crab olwavs return [o the same acea, 1.e., do these
crahs show territariality?

—Are the crabs mure acbive aof some times ol Jay than olthrers?

—Ta the actions alwars (ol lew in Che sane arder?

—Frem che cime the sclool davy staci= to che time ic ends, cract 1y
what are the crabs deing? Mew much of this time do Lhey spend oo
vach acbivity?  (Maxyhe stablion "pheetvers' al the crah tray; vach
studenl helng asaigned o o specifivd 20-winute “watch™. )

Problem LJ. COLOR CAakCE 1M ROCK CRADS EakDs 2, 13
It, when olanning abeasd, wou pote that yau will include this topic

amortg Yadtr exporimencs, chen et oup arah pans in the previvus experiments
with wvari-onlorveld Sackgroamls.  This will praduce some coler warlatlon
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whiclh can be noted when (1rst presenting this problem.

An alternate plan |s to Jeave all the crabs dark and bawve the stuleats
predict whetbwe or bk a chanpe of background colory will produce alteratian
in the calor of the crab,

Maioerials.

—Tec trpwpagrees teaya with sevarcl poork marha v oeoth (er Duggesied
roacdurer, £2 Dol

—Elasl £ aper

-white mipen

Problems:
wlll pock vrabs change the intensicy of thelr color?

ix your crub the same shade of coler gy when you collected ie? Lt
not, why do vou suppose 1F hasz ckanged?

Can you think of an expegloent to test your idea?

Suggested Procedures.

Crala may show a iiphtening when they are moved trom dark rocks toe a
lighter colored background,

Trenspareal Lravs (e.g., glase or plastic) are best herouds it i= &n
eaay pracedure to change the intvnsity ol the crabs’ background: simply put
a piece nf whlte or black paper undermeath the trav. 1f Cransparent trays
ape nob availahle, perhaps pleces of whiite ar hlack plastic garbage bags
could b uscd [nside the Erav Eo change the backgcound.

The students may have their own desipn for an experiment. If thay
neel a fuggeation, you might try sumething l1ike this:

1. Flace n few crabs and rocks In each of three transparent trayvs,

2, Feep Trar #1 on whatever surface |t nfually d8 eng this is the Goofrol
Tray. By hawing a swmmtral, if any changes in velor dncensity ocour
for any reasan other than backgrovund {f.g., tidal cyele, disease, cto.),
ir will b evidenr 1in the =antral.

3. FuL Tray #2 sm black paper, and Tray #3 vn white paper.

4. Compare the Tnt=nsity of the crebs’ colers every day. After three or
four dave, studenis shoold e ahle to sees a ditterence smunmg fhe erabs.
Older siudencs ran keep a iournal, puechaps including a data sheet
aimmething like this:
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TAGLE 2. Cnlar Changes in Lrabs

f—— - .= i —

l Tray Kl Tray 42 Tray #3

Datle ' Control Birkground Elack Backgroond  White Background

Teacher Backpround.

Crabs gometlmes lighten ar Sarkes thely hady color.  Some apecies of
crabs follow a daily rthyibwn, lightening thelr body by day snd darkeolng it
at night. It cay be impassidle fer stuwdenta to look ftor ihls dintnal calor
change wilesa chey rtetucre ta schaal sk olght oo are allowed co take Lhe

srabs home,

Some rock crohs seem to change thelr onlor dntenslty Lo cunlorm tao
thelr snrroundings. It they are remeowved troo dack eocks and put against &

iight backpround for cwa or three days, They change to a Lighier shile.
Thls hekavior sesms to hawe servival walue; if they vesemble their back-

prout], thoey may eacape their prodatuocs.

SWIMMIKL CEABS [PORTUNLDAE}

Introduccion.

People ctten use amal?!, red-meshéed wens o catch swlomlog crabs in
shallow warer pedy stream moulns.  They may boe catchlng ane af these Lhrove

apecles:

: Tront Marglo flde Margin
Crab . Betwsen Tbzs Eves of 1ra Kack Okter Lommesncs
: 4 o -- e SR
& AUt AN i L ooblied | rouanded very thick c¢laws
| .
Hawaiian smath 1 paintesd? vetry long vyustalks
i :
¥White raathed painted® —_— 1

*tep picture im tlrst part of this lessoo.
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These three specivs ul swinming crabe sre gowd o aaf.  To protect them
from being ovir-cnllected, the Hawall Llsh and Game Division has made a
regulat lon rhat rrabs canmot be collected using nets wlth mesh less than

? inches., This ragularlon allows voung crabs o gens up and reproduce.
Students may callest small speclmens of these edible crabs {wve vhssrvation
while at the seashore bar they may pmot take 1hemn boack tre the classroom.

Big speclmens canght in a crab net with wmesh greater than 2 icches ace pro-
hably toa bBlg foar class aquarla.

Othrr speclies of swimming crabs may be caught, and, depending on size,
kepr in the class aguarium. Wabch out, theugh. Swimning rrabs are active
predators. They may guickly depopuiate wour aquariuml (A& gcivntisi has
reparT=:d that ane specles van even catch male crabs, by dgpleg them, covk-
screw=tashlon, wol nf the zand!)

Proplem 1L, LAFLUHE AND GESERVATION O SWIMMINL URAES BAKDE 1, 2, 3

Crabbing with red sesn nets 15 = sklll saeme ol waur stucdents may
alrevady have, in which case ihey con take over this class, Parents, rela-
tives, or nelghbors are Prequently a good source of oucalde help in cap-
turlng, ldentilyineg, and handling the larger edible crabs,

Macerials,

-Rrg megh orol wer
=Bais P flah hezd or orkep rongp mest]
—Mpemsparenid niaatio Rage odrh fwfsiies

~lapge, oramepzrent lnslio sox ov Bucke?

r

Prohlema:
Capture a crab [u o crab net. (fer prucedurs helms. )
Compace the appearance of this crab with acher crabhs you hawve seoen. i

Examine the plorers bub be carelul of chem. They can glwe a hefry
hite.

Examine the rear legs. These tell you whether 16 18 @ awinming
crab or a walzing crab, How?

Lowh for amall swimming «rohs in tide pools and om peel §lats.

Which divectdon Zo crubs awim? sideways, forward, backwand, all
wayg¥

Fut the crab in a lucket or pan with ses wafer.  Gan you e water
movdeeg near the crabt
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The jaat palr of legs of a walking The last palr of legs of A swimming
cteb are poloced. crab are flatrened like 3 paddle.

Suggeated Procedures.

small, mon-edible, swimming crabs may bo collecked from tide powls
during 4 {teld trlp-

fne ot two of these msy make an interestirg addition to the class
aquariem so Long as they whey Reed's Second Law and do naot cannibalizs
gyeryihing else in che tank.

Mazy childruen {n Hawali are adept
at catching larger swiomlng erabs with
red mesh oeta, which may be pucchased
Ln many lacal sLares,

Lower the -rab net by a rope
into waters likely to contain Soimming
crabs auch as ol Abream mouths.

lec the ot reat on the hottom
with bait (a fisk hread or other plece
pf mesc) bied seourely Lo vhe center Ket on boccom,
of the oeb-

Atter ahoub hall an hour, 14CE
thee et and hagvest che croh? containéd
in ic.

ure caught in a net, crahs tend
va hold tlghtdy teo the mesh with thetr
alaws, (Watch owt far these claws;
t]1|.=}lr'r'E fast aud would buct if they
pinchud scmecne, )

Parcially til} a =trong brana=-
parant plastir hag with sea water, and
put Lhe «rab and che parce wi che mesh
it 1s holding inside the hag. Hupe-
fully, im & short while the crah will
relax 1bg grip om the net which can ————
then be pulled cul of the pladcie bag.
t'lose the bag with a cwisty. Hag belag pallied up,
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The crab van now be passed Erom student to studenn for ohservationa.
& fairly large traneparcat plastic box may alsn he a pood way te contailn
these craha while they are obaerved by Che students,

(all attentlenm o the paddle-1lke swimming legs and Lo wher parrs
indicated 1o Prablem 7 for rock crabs. Count fhe lega.

& swinming crab's budy plan ie streamlined for swimming sideways. The
¢law om the leadiung side is cften bent with the "clbow' acring Tike the bow
of 5 boat az 1t bresks the water: the legs om the atevm side traifi beblud
in the wake,

Problem 12. IHTERMAL CHAL AWATOMY . . . AND LRAR SATAD Ramls 2, 3

This actiwvity usaally has to be dene wvsing crabs purchased Erom the
aarket. ¢hildren often objurcl En eating their ceab "frinds™ whom they have
caught and studied in class.  We heve besn generally unsueeessial in con-
vincing them thatb che crebdas parchosed for food Ereen the market are the same
as che craha living Lo the ocean and might ke used for the Same pnrposes.

Materials,

_Several gpimming crabe shtoined From g seoood market Cenoigh to
reEaTe Il gl S Eirarore LG howe o Lizzle em o opooeesl
—Seltive vroakern

- o

—Mogearard fi

Mot b amaler foptiongl)

Problems:
What does o erah look 1ike loside?
Perhaps yuu ran find the hearc and stomach, wlth wour teacher's

belp. Where are they 1n relation Lo eavh other? In celarlion o
where wyours are inside of you?

I[f vou have looked at the inside of a clam wrc oyAater, perhaps you
remember what rhe gills loocked 1ike. Can you {ind gllls inaide
the crab? Have you nolfced the water cuorrénts araund a living
ctab? What funcelon da gills serve ln crebe, clams, aystera, and
some wther animals?

Which paet da the crab’s muscle? Where else hesides the maln bady
vaould muscles be found?  (legs) HMusiclea ave the part Uhag 1=
coprelally good to oeat.

FETI -

{conl fd oo nexc pagel
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lPrnblems: {cont fd)

Make a crabmeat sSalad by nmixing the crabmeat with mayonnaise in a
bowl. ¥ou may want co sercwe 16 oo crackers. How doos it taste?

Vaz the skinm of the crabs bard and crusty? Did any crabs have a
gofter, mure flewikle skin? 1i =50, why dre vou think it ie sett?

Suggested Fracedures.

1,

The crahs should be cosked oheaad of time, Eevp the copoked crabs oo
ice or In a refrigeratar unbil Eime Do rlass use.

Hawe studencs examine the crabs with rlean hands and wtenslls, so
chat they can make a sglad tu he eaten.

Open the crabs by removing rhe hack., Students need nob carry ook a
detailed study nf rrab anatomr, but nece i8 a diagram for the
teacher s hackpround:

ancencal xl.and

CRAR INTERNAL AMNATOMY, DORSAL WIEW

Femove the crabmeat frem the body and foees,
Perhape older studenta could decide how "economical” crabmeat is:

. Find out haw macrh the crab cost.
b. How much docs the meat weight?

C. ¥har 1s the cogt per pound ol coalmest?

25
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d. How does thie coBt compare to clhir supcrmarkel meabs, &.g.
hamburger? How econemlcal 13 crahmeat? Would it be cheaper if
you cavght your ownm crabe? (But vou would have te [fgure lo che
cost of a crab net and licenae!)

b Ln amonggt the crabs fyom the seafood market may be a soEt-shelled
creb. Thie may be an opportunlty b dlscuss crab and shelmp grewth,
aee Problem 13.

SAKT "TURTLEE' or MOLL UHABS {(HLEP]DEA}

Tonk toackuc tlon .

Mimals belanging ta chis familly are not tTue crabs. After seeing
true crabs such as swimming, rock, and ghesL ccabs, the body plan af a
MHppidesn s poriceably different.

1t antemmas

dnd anlenna
[iaually
colled aut
uf sdght]

Uy

moat hpoct

tip of
abdomen

SAND TURTLE, WENTRAL VI1EW
S3ee 1llustration of the Hawazilam mole crab in the tirst pert of thi= le=son.

¥heo mole crsbs are resting, almest all their appendages are tucked
under thelr carapace, aut of sight as viewed fram the top. In this way,
they reaemble 8 tutkle that hes wlthdrawm 1ip its she:ll; hepee, one common
name for thls «~ryab 13 sand twrbtle. Thelr rvounded body i3 very appropriate
to thelr habit of burving themsclves In sand, The fact that they bucrow
probahly acgspunts for thelr other common name, male creb. However, a mole
burrows fromtwards; a mole crab burrows, swims, and croawls baclwards.
(Some apecles of thils crab hold their two firast antennae together, piving
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the Impression cf baving a polated nose, llke a mole.]

Sand curtles, as they seemw to be more commemly called, live in sandy
beaches where the waves sre conslantly washing over them.  They requive
clean, well-aerated watuvr, and aa are not ag common along beaches where the
water i3 slways cale. They spend most of their time burled in the send,
with only cheir small first antennse, eyes, and sometimes two froat leps
pretyuding. These aptennae form a tube for water te be drawn in and passed
owver the gills for breathing. The ends of the legs have grneltive tips fFar
dJetecting food.

heach

Male rrabs 1lwe 1a the-———-—>x
ateep curve nf sand as

L beach drops inta the
wawve zord oAb low Llde.

Problem 13. CAPTURE AKD OBSERVATION OF sadD TURTLES BANDE 2, 13
[fleeld worik)

Scooping up mole crabs from a sandy beach is nul alwaya ae easy as the
LEteracure on the subject leads ocme to believe. Search fer mele craba dur-
ing & field trlp ra the beach. 1f chey are there, thia lesson can proceed.
Often 1F i3 necesssry to seareh agein on another day er anather heach. When
they are tound, they creste sufficfent atudent cxclirement to have been worth
the search.

Haterials,
—Hed gardsn wiee or amell shooel

=Siepe bar fze Dliwptrates dn Ppoblam 2)
-Gait (fresk fish) asmured to 2 emall zizck

-

Problems ;

Lolle~t zome mole crabs From the beach efrcher by digeing them out
or luring them out.

Obgetrre their body shape, number and srrangement of legs, antennas
and mouthpaets.
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Sugpested Procedures.

LCapture:

Firet of all, contaminated beaches and beaches having Atill waters are
wot likely to have mole crabs. h 2 clean, wave-washed, sandy boach,
lock for mole craba at low tide.

Sir quietly as close a3 porsible to the water line, pethapAa in the
water at che wave break zone.

hzerve Intently the sand at the "hwmp" of the beach where [t dips
into the water. This 1z where the mole crabs test beneath the surface
af the 3and with only their cyes and anftemnae protruding. Thelr slze
and coler render them neatly invisible.

A% B wave tebreats, ocbserve che durface af the sand. Look {or rfwa
tIny V-shaped currvents produced by the laterrupbion of the receding
wave hy the protruding ¢yes and ancennas. That ie the spol to 41y - - .
Easi!

Evert Ff e evidence of mole crabs are visfible, dig anyway, shoveling
the sand through a screen bo sesa If any male crabe rcan be extractel].

Abput every hour ot 8w, a mele cpal emerges from the zand, rides a
waye up the heach, them slides back agalpm with the wave. & sharp vy

might see oooc.

Tie & plece of Ervsh Elsh ta a stick of sufficient skee 1o anchor the
meat fu the sand. Wailt and watch from o shorec distance away for a
male crab to be lured froem {62 hiding place and come for fhe balt.

Cheervations;

Have rhe students compare the shape and appendages of a male orab with
that of a true crab, noting particularly the cownded hady and feathery
antennae of the mole crab.

Males and females are nof a5 easlily distinpuished s= inthe Erue crabs.
Male aand turtles are much smaller than [tmales, o] lack three pairs
of abdominal appendages. Terhspa you can see an oval, bare spol supb-
rounded by short, Btiff halrs on the last sepmenc of a male's fourth

palr of legs. This gapves a2 a Auction pad to clasp the Eemale duriog

mat ing.

More detalled phsetrvations on these crabs ace more easally done in the
vlagsranm ag Indicated in the problem below.
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Praohlem 14. CLASSRODM MATHTENAMLDE AND OBSERVATION BaND 3
OF SaMD TURTLES

Unlike other crabs, most af which are Agavengers, mole crabe are
exceedingly sensitive to pollutiom. In Fact the presence of mole crehe an
a beach [% an indicator wf wicontaminated sand and water. Thla is am
[mportant key to thely successful clasdroom maintenance.

This is a problen for advanced elementary studenta.

Materials.

-Mole croka

-4 plostic dieh pan act up with olemt beash savd and eevaral atr-
agrened andser a good subsond filenaticm syebem

-0iEa of freok Mgk ov Frozen shriep for food

-& glass bating pam for obeervatiem from the botigm

—_

Froblems:
;L'ia.ssrnm habitat:

what kind ot habitat should you prepare for sand turtles, hsaed on
the kind of place in which they live in nature? Set up such a
habitat for a Eew mole crabs. X

|
i
I Feed and maeintain them in s healthy condicicon.
|

ihaerve the mole crah's appearance:
1
1

Which end ks whilch in this animal?®

Why do vou suppose some peoplé ¢all this a sand "turele'? Hint:
Lavk at it from the top {i.e., lock down wa the back].

The feathery, second antennas ate usually colled up underneath the
trap-door-lLke mouthparts. Watch for a time when the antennae are
uncofled and aticking out of the sand, or, on a dead male crab use
vour pencil tip o wneoil and obeerve the antennae.

Ghserve the mole crab’s hehavior:

Why do you suppuese some people call this a "mole' crab? Hinb: Hhat
happens when you put this crab in wet sand?

Try turniop seversl craba on thelir backs in your hand. Some of chem
"nlay possum™. What does that mean? Why da you suppose they do 1t”

{cont'd oo next pagel
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Problema: {cont"d}

Put some sand turtles In ses water in & gless baking pan with abeout
one inch of sand oo Lthe botcom, Te which direction do chey swim, [
huermwe, nr crawl? By shsersing through the bottom glass, can you

ace with which parc of thely body Ehey Jdig?

Obhserve thelr poslilen In the sand after they khave heen leff uadis-
tutbed for @ time. Will the ecrabs stick parts of their bodry out of

the sand? Which parts? For what reasons?

It iy important for this crab to stay in Uhe wive zome. 7§ ¢
gels slranded too far up 1o thiz zape, away from the reach of
waves, bow would wou think It would know which way Lo go in order
te [ind the water again? How cao yau test your hypothesie?

Sugpested Froceduren.

Clagsrocm habirtat:

Students who have had cxperience and swecess keeping ofther animals
allve, may want to experiment with sand turtles, frving the following

oT similarcr technlgure,

2levated vnd at man

1. lLarge plastic dishpan ar simdlae, non-metsl contalner set at an
angle.

Z. Clean beach sand at a depth of sevweral iochex,

3. Clean sea water which moere Chao coverda che sand at the lTawer end
anf the pan, hut does nat cover the wet pand at the upper end af

the pan.

b=

Actively hubhlibg alr atones. A sub=sand filter with a bubbling
pipe recyoling water through the sond would alse he vseful.

Te foed the crabs, place a [ew small pleces of [resh Fish ar Froseo
ghtimp on the sand. The mole crebs will scurry out of the sand to
retrleve them,  Bemove all smeaten hits before chey have time to can-

taminat= the pan.
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In nature, there seem ta be two methods of fecediog. Usieg thedr
{eathery anteénrae, sand tortles filier foud particles and plankton out
of rhe water. At other times, they are more proedacenus, grabblog very
small animals in the wawes. Sand turtles have aften been seen eating
Portugnede Man-of-War Jellyfish by pulling thim dewm into the =mand
with them!

Bahavlar:

Sand turcles (and ‘possumal may play dead to make predators think chey
are dead, and so nat eat them.

In arder to help the students fevmulate a hypothesis as oo haw =
gatranded sand turtle could get beck te the wave zone, Yaou may wanl Lo
use rfhese hints;

1. 1= there 3 alant o the heach?

. Tf you took 3 walk up a mountain, and gob lost, fime woeld wou
know how ta pet home?

Sand turtles show & preference for goling downhill rathey than wphibl;
Fhis behavior would move them toward the ocean [rem a stranded loca-
tian. Using the gxlaas pan and moist sand, bthe studenis may be able ta
prove Lhelr hypothesls.

Placring 4 few sand turtles in shallew sand in a glass pan prermita
vbzervation from helow of thely digging mocions.

SHEIMP

Int codustion.

Just 8= there are many kinda of crabs, there are also many kinds afl
shrimp. There are four types that may ke Eound commonly br sLudents.

Trut¢ Shrimp. The

diagram chowe a general=
ized phrimp anatomy. May
be found almost anywhere;
look for them among llmu,
aground dock pliings, and
in tide panls.
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Snapplog Shrimp. Has one leg on one
zide modified to form a large, distorted
claw., May be found in burress in coral
heads, hut perhaps easlier to get apeEcimens
that Live {n sponges accached to dock

pliings.

Banded Coral Shrimp. Thitd pair
of legs thickensd and lenpthened to
forem clawa; red and white bands on
bwady and vlawa. Hay be found 1o
crevices in low rcidal zone and deeper
in coral reef flatxs.

Hantis Shclmp. Flattened
tap-to-bottam mare than crue
shrimp. Second palr of legs
moditied to form poweriul,
jack-knife or crusher claws.
May be found in burrowa In
locertidal zonge; under roecks;
aopetimes found in Limue.

Note: Ewven emall mantis shrimp can be dengerous, and larper ones
should definitely be avolded. The claws van Spedr 4 finger ar at least
pive 1t a bad bruisc. The strike of Ethe mantiz shrimp 15 one of the fastest

anlmal mowements Known .
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PFrobiem 13. GEMERAL DESERVATIONG OF SHRTHE BANDIE 1, 2, 1

Far elementary students, whatover shrimp {and there are many kinds)
which can be rullzcced froo tldal poals and the reef fRar durlag a fleld
trlp, {ovrm the subjuct of chis dovestligatdion.

Materials.

_Fet (to moteh shedmn dn wgser; Aor headed to get skeiep out of i
rtmmided o Laach)

_Mugnlfying glassies) for amall shriep apecimenc)

—gfamy dar, on temasoreni plaptio ammdrlen bag, or bucker Difh hatter:
plts e hold sheime For abrervatdon md sramspord baak Zo the oinso-

nasm

E Froblems:

Lurk for shrimp tn tide pools amd in clumpa of sea weed. Shake 8
rack pr clump of sea weed [n a bucket of sca waber to see 10 any
shclmp eame gut. Lock smalll Dig in muddy areas alse.

How Aoex 4 shrimp look similar o a crab? How dovs a ahrimp look
different from a crab?

Count its leps. Ohserve [ts moeth parts.  Note the shape of tle !
abdomen .

If you have more than ome shrimp of the same apecies, perhaps you
cun seg the ditference between males and females.  lUink: look at
the swimming legs.

: How dovs @ ahrimp move and in which direction? Which legs dnea it
nze? Haw does L[t mve its tall apnd ahdomen? How doea e walk?
How doeg 1t swim?

What «nlor is the shelmp? Why do vow fAuppose the shroimp 1s this
colnr? Hiot: what calor is the 1imu or othuer wrea where L was
found?

How can you test yuur hypothesis as £o the resson for che shrimp s
calor?

Sugpestyd Proredures.

Aogist the students in chierving shrimp anatomy with the help of the
dlagrams ahove and the Teacher Background notes birliw, Alsa recall the
general Inleoductlon on crab and shrimp dI{ferences of the beginning of
this copic.
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Tranaport shrimp to the ¢lassroom aquarium im beckets. 48 with any
aquat iv animal, put enough water inm the buckert to just cover the ghrimp.
Tn this way, there [& a large surface to small volume vatio, permitting
maximum btrapsfer of oxyeen into the wacer.

Shrisp can he kept rontimely in the aguarium. For closer ahserva-
tiona, they can be netted and tranaferrvd Lw smaller containers (glass
jars, or trawaparent plaetic cupe ot bagal.

Sheimp can serve elcher as predators or scavengers: somée large abrimp
{e.g., the banded ¢oral shrimp) mey cat other, smaller animale In the
aqoariam, ar they will eat pieced of raw fish. Swmall shrimp may he enben
by their bigger brethren!

For experimenting with calor changes, lsclace one or several shrlmp
in each of several aerated concalners of sea water. Puat different colors
ot limu in €ach contalpey; vou may have three contalners: & red onc, a
gptreen one, gnd a brown one.

BA¥ND 3 students can record thelr results in notebooks.

Amplhiipods or isopeds f{see Teachet Background on Crab and Sheimp
Cowsins), found in limy may also bhe ueed for this experiment.

Tearher Background.

A shrimp has 10 "walking™ leges, like a erah. But a shrimp also hasg
{1s 10 abdminal, swimming “legs', called "swismereta', readily vislble.
2o the students would be accurate 1f they decided that sheimp are Z0-
legged.  Howewer, sclentific usage restricte the classifying of shrimp to
the valking lege. 50 a shrimp 1z a decapad too.

The first pair of swimming legs om a male are modifled to form &
copulabory tube when held together. The aame palr on a Lemale s much
reduced.

Some shrimp are almost ctransparcvat {which helps make them appear
inviaible to predators)]. Others are brightly=coleored, somellpes correa-
ponding to thelr backgraunds. If you have a magnifying glass, look
10aely aE the colora af a shrimp.

Sheimp get thelr colors from varlous Roureces. Yellow and greeo
originate from thelr plant food, while red, brown, white, and blue are
manufactured by the shrimp liz=elf.

The plgments are often located within speeinl cells, called chromate—
phores, in the shrimp's akin. Different colors may be {solated dnto dif-
ferent cella: In Bome cases, several pigments occur in the same cekl, but
only one may be vxpanded ac any aone time.

Colers in shrimp are used for many purposes. They may help species
to recaognize one another; ceolor changed at repraduction time omay abtract
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the apposite mex; and appropriate ¢elers often camouflage a shrimp and
therefore protect it from enemies.

Froblem 1b. SHAFFING, IN SHAFFING SHRIME BaAND 3

Have you lheard crackling sounds as you walk alang a ouddy shure at law
tLde? The sound resembles a popoorn machine poiog Full cilt, or a Lillipu-
tian pietol wat 1lb progress. Soapplng shrimp, suwetimes called plstol
shrimp, are very common iln Hawali., A soappliong shrimp Ln the aquarium rcan
make a noise loud encugh to be heard throughcut the classroom.

Harerizls.
—Me o mope BRAPEERg shrimp obteined during field weip

—fre or wmope amill comtatrare with gga wealer
Mol fying o laso

‘Prablems:

Hawe vou ever heard a sound like corn popping while you walked
aloug the beach at low cide, or were swimning under water? [ =8a,
gearch ocut the source of the szound and find the sheimp that are
making the noise. Bring a few back to your class aquatlum.

Can you gee what part of the body makes the snapping nalse?

Why do you suppese this shrimp makes this noise?

Suggested Proceduves.

Guided by their ears, let the students search out the source of the
popping noifse heard at low tide. If may be difficult to get a close lock
at a snapping shrimp's claws. Terhaps you could try one of these cechni-
ques

L. Wrap a specimen in a sea water—soaked paper towel siyip and exsmine
the vlaw with a8 magnifying glass.

z. Look at a snapping shrlmp molt {see Problem 17}.
3. Suggest srudents check a library book for a good close-up phato ar

diagram of a snapping shrimp.

Teacher Backgroutd.

The sound made by snapping ehrimp is produced when a knob on the fin-
ger of the large claw 1s fonrced into a swcket as the claw ia snapped shut,
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Apparently, the sound frightens away predatars; perhaps it slea warns
ancther smapping ahrimp that a burrow 15 already occupled. ‘The claw mary
alac be used to secure food.

ADDITIONAL. THVESTLUGATIONS ON CRABS AND SHRTMEP

Introduction.

Three tapies likely to cacch the attention of eleméntary students hawve
been gelected to go vnder thils hegding. These by no meana exhasnst the
poasibilitied {or study. Studentz whase interest has beon captured by the
Artheopods of the sea will think of wany more ideas they will wang Lo
investigate oo Cheir own with a 1ickle help and eocouragencnt from their
mentops.,

Froblem 17. CRAB AND GHRIMP CROWTH EaNDs 2, 13

Investigation of this problem will suggest itsaelf maturally when a
student discavers what at first sppesrs to be an exbra, or dead, crah ar
ahrimp In the aguarium, but which furps out to be an empty askin . . . a
mole.

The queatione and suggestlons In the problem helow can be used or
mordified according te student Bge &nd the appauyl Lo Lthem of the phenomenon
of molting.

Marerialy.

—Crak, cr shetmp, bhat Aad fuse molted
-The ouimgl '8 molt

Froblems :

Ever aince you were a baby, vau hawve been growing bBigger. You will
continue to grow bilgger until you became "grown Up™.  How ocftan dy
¥ou grow? Do youw grow gradually all the cime? (h some davs do
yea, all of a sudden, grow an inch or two?

What 1f your skin were like & tight, mon-streteh, plece of clothing
which you could not vake off. Haw could you grow!

What kind of skinm dc orabs and shrimp have? Hotilce that 1t 19 gelEf
s wlll not stretch. How can crebs and shrimp grow? Form a hypo—
theals of how crabs and shrimp could hasdle this problem.

-

(cont"d on next page)
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trohlems:  {cont'el)

Can you find any vvldence From your obscrvationa which will gup—
part your hypothesis?

Lilscussien - - . [nweatigation .

Shedding «f a akin by an animal 1s called melting. The skin which
has lieenm ghed is called A molt,

frencly gpread pur a melted skin from A creh or sehrlmp oo a plece of
atLff paper ar cardboard. Examine it carefully, if passible witch
a mepnifying glaga.

Does the skin bave any color? Leak at the eyes.

The old skin rhat is left behind does ook go to waxte. Jt ia a
rlell source of proteln amd minerzls. Svme animals eat thelr cwn
molt to gt back some of these protelns and minerals. Otherwizse,
wvarivus scavengers of the ocean quickly make o meal of an old crab
nt ahrizp skin. & crab or sbrimp Ln the clsss aguarium tay molt,
and the matt may be eaten, even hefors anyone notices!

Where is the apening that the living crab or shrimp came out off

How big fs the skin! How blg 1z the crab or shrimp? Has the anipal
grown since [t has ahed its skin?

¥een the skin Ln @ safe placc so that it will net blow away or get
crushed. Memgsure Lt,. ¥eep a record. HRecard the date.

Wlhien do you think the exab or shriop will molt agsin? Watch for
when it dues, record the dete, and the sizv of the new molt.

RHow fast fo crabs and shrimp graw?

Loy

Supzeated FProcedures.

The dirvertona in the box (adapted by the teacher as feasible} are

self vrplanatory but the following additlonal peints may be uselul.

1 spreading out the onlted skin to dey, a small brush may bhe found

ro he uwzeful ln arranging the Llegs and anteonse [n o narural position. A
llyght cavering of «leth or paper durlng the drying stage wl1l keep duat
from accumulofing an the spuecimed.

after the molt has thoroughly dried and stl{fensl in fes Life-Llke

positlon, it can be glued to a new mounting paper, labeled, and daced.

Adule craba melt as infrequently as vnoe per year.,  Toung, ackively

growing, and well fed crabs and shrimp in our test tank molt about encu
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per oenth. By werking with fuvenile, actively arowilng animals and measur-
ing the incressid slze af each melt, che studentbs can caloculate growih as
5o Cgny wm per moanth.

stwlenta with sufficient ssphisticarion and experlénce to de this
javeatipativn howve the ability Lo produce a reputably written aml 11—
tratwd science nobtvbpak tepore.

Tzacher Lackground Intormatlan.

Crabs nod shrimp {and insececs, spiders, centlipedes, and similar ani-
mals? helong to a pronp of 2nimals whieh have crusty skips.  This sk In
serves os oa skelaten tor the animal and resenbles a suit of armer; ib ds
fard, with Zlvxible jolnta. In order for the crab ot shrimp to prow, ic
must periadlcally shed thils sking a provess called "molt Ing.

T hegin the process of maiting, a crub makes a new, saft skin under
118 ald skin. The old skin is seftened by reabsorptive of the calotum sale
alpog the llnes where the skin will splil {in shrieps, lengthwise drwn the
topside af the abdomen; 1n crabs, cemiswise, jusl hehind the "hack'),

#riar to the actool shedding of the skin, the anlmal will often seck
a secluded spot where it will be relativelwr safv [rom predaters when 1F
emérges wich a soft skin, Hext, a loi of water is absorbed: the old skin
splits apen, aml che animal pulls leself put! L1 18 now a suil-badied
crah, and Lt can growl

Turiog the £inol phasze ot molilup che animal hardena its new skin by
extracting raleior out of Lhe surrounding sen water and depositing caloium
za.b tn the skirn.

The ald skin that is lett behind daes not goe in waate. It [s a4 rich
source of protein and minerala. Somv animala eab their own walb to gei
back sumi nf these proteins sl miperals.  Otherwise, various SCrAVENgeRTS
of the oceam qulckly make a meal of a0 old crab or shrimp akin. A crak ar
shrimp 12 the class aguarlus msy molt, and the molt may be eaten, even
before anvony oot loes!

Froblem LA  LRAR AND SHRIME YOLUNG BAND 3

This prablem is supgested Mor 3AND 3 studeoars, or thesu wh hawve heen
surcesaful in maictelning erass in the class aquarlun aml whe cen ase a
microscaps.  When to do this [onwestigstion [s dependent oo when A gravid
femate happens to bre foanwd.
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Materlals.

-Female oral, carryihg ol mIZe

—Aerated container of fea weter, separote [Tow LRe olofd aqterretuws
-l spsoting wloropsohe

-Medinine droppers

=Beine sheimp hatokery (opticnzll

-iime mesh red (optloMdal;

-n gurply of ofem saq water

Problems: :

AFear fileding and aucceasfully transporeing a female crab ar shrimp
carrying eggs back to ithe classcoeom, put 1t 1o 3 secluded corner af
the aquarium. ¥ou may want to “"fence off" 8 cormer, using rocks,
voeal, andfor @ small plastle basket such as thase uded For atraw-
herries or cherry tometoe=.

What color are the eggs? (This IR how to tell their age.}

Take a small sample of the eggs and laok at them under a diggect-
ing microscope. What do they look like? Check a sample of cggs
each dary.

How long does it take for the egps to hatch? What coler were they
just before they hatched? What coloer are the new young?

Capfure a (ew of the young that have batched out. What do they
look liket

; A reneral name for emall, wyoung lower anlwals, such as lnsects,

i craha, aml eyen tiny fiah, 1a larwva (plural: larwae). A =pecial
nam¢ for baby crabs and shrimp 1s zoca (pronounced L chyme with
"go~gee-¥a"). A very voung crab with big eves and extended tafl
Es called a megalops. Megalops means "big eyes". later the tail
and sbdomen pet tucked under the head=chest reglon as In aduit

crabs,

Can yae think of o way o fake cave of the larvae? What should
vou feed them? Give them thelr own container {(for protection from
larger predators) and watch vhem grow.  Why do ngly & few of Chem
i arow up? What would wou have to do to get sll of them to survive?

Keep dota oo gmounts, sizes, and times af growth and molbing.

Make a science report of your experiment.
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Sugpested Procedures.

A5 the crab eggs Lwrn From orange to dark hrownish, tcansfer the crab
or shrimp twe & separate, deraled roncalmer af sen water. Otherwilse, rhe
larvyae that hatch vut may be Iost in the large class aguartwm. The devel-
oping rggs need very clean water. The sea water may need to be rhanged
nften (e.pg., cvery day or every of her day}.

Students abould write down chefr daily obzervations, including draw-
[ngs af the duveloplhg egpa and larvae.

Elementary school ¢hildren can Lry keepimg alive crab and shrimp
larvac, and wateh them grow vach day, if they coo accept the cxpected high
larval mortality., Lwven in optimal laboratary conditlons - even in the zmed —
many, mwany larvae deo not llve to become adults. (After all, part nf their
funeeion ia tpo svrve aa food Eor other animals in the sea.)

Short-tvrm labaratory mainteoance obf larvae is it difficult. FKeep
the lopwae in thelr ocwn umaerared container af aea water. [L[ asrated,
the larwvaes will ger stuck st the surface af the water.} Young crab and
shrimp larvae will eat each vther. Therefere, saome of them con he Lkept
alive far at least seweral days with ne external teedinpg.

Tang-term laboratary maintenance 1% more difficulc, Indeed, the whnle
acientific [1eld of mari- or aquaculture is devoged to the suecessful Tear-
iog of edible marlne animala. The larvae must be cared for dally:

1. Feed them young hrime shrimp, Hateh brine shriep in thele vwn Jar.
Brlue shrimp eggs, with hatching dieecrions can be purchased wherever
squarium seppliez are available.

2. Change thelr sea watvr. Four the larval cultare through & wery fine
mesh net. The larvae caughe io the nec should be quickly put inta new
gea walber.
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Teacher Background.

As indicated in Problem B, crsbe and shrimp are either wale or female.
Ar waricus times nf the year, males clasp females and copulate. & female
crab or shrimp carrivs the developing eggs glued to her legs, inAlde her
shdominal "pouch' is crabs, or under the sbdomen In shrimp. In crabs, the
mass nf epgs 1s scmetimes called a "sponge'i a shrimp is sadd ca be "in
herry', a wery deacriptive phrase. When first laild, the egge arc orange,
indirating a large ammmt of yolk present. As they necar maturity, the =ggs
become darker, finally hatchlng inco olcroscoplc larvae that digperse in
the =ea water.

Although tliese larvae hawe legs aad can make jerky awlmming motions,
they depeod upon ocean currents Lo move them acound. During the weeks rhat
it i3 a passeoger of the sea, a larva grows, woliing many cimes. At firsc
it hooks like & funny, shecimp-1ike clowm wlth bhig eyes and a polaced head
fzoea stage; "roea' means 1ite). Afrer eone pf its melos a crab larva
assumes 4 new ghape; Lt resemhles 8 minfature orab, except that 1cs abdomen
aticks oput behipnd dcacead of being tucked underneath. Shrimp do not have a
mogalops stage: instead, they have difterent kfwls of zoeal stages.

A che end of the secomd acage, the larva begins to settie out of 1its
fleating, ot "plankcanie, lifestyle amd zeek the covirvnmesc typical cf
its speckes. Afcer its last larval molt, it {inally hecomes a small,
adulc-looking ccab ar sghrimp, although 1t may be seweral eore molts beforv
it becomas mature.

Pronlem 1%. OCEABR AND SHEIMHF CrH S )WL BAWDS L, 2, 3

There are wany crusty-skinmned coualns of crabs and shrimp that live io
the neean. In fact, these "crustaccans”™ have heen called the "inaecea of
the sea" bevause there are su many different kinds of thew. In tact,
insfrbs, crustaceans, and chelr near celaciver belong in ihe game Phylum,
Arthropuda .

Mo apecific [nvestigations arv detatled for this probles. Dlagrams
and a fuw nres are given for a4 few crab relatlves commonly seen 1o Hawallam
[ide pacls. These may assiat with ldeontifieation.  Investigations might be
developed by teacher or studemis 1f and as oppuwrlusify sud interest arize.

Ampliipods .

TF you 1ite up some 1imu chat has bewen stranded an the beach, Little
"beach hoppers™ may atertle you.

&5 tlde paal racks, mud, and sea weeds are sarted pul,
yety tiny shrimp-1Lke ¢rescures may be oot iced escaping into
the buckel ar =arting jar. These side-waya flatbtened ool-
male are "aophipwds'". With a magnitylng glass, perheps you
can e the twa kinde ot legs, the resson for thedr name.
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“"Isppads™ are smali, fiar, owal, crustaccans which
slt clage ta the substrate. Thelr counberpatrea on land
are called pillhugs. If wou lank closely, they Live up
to 1theitr name ot haviog all similar legs- Some specics
inhabit Lnrertidal arevas. Aoother genus functlons as
termives in the sea; =0 yau may see them iF youw hreak
open zome wood that bas been in the ocean for a while.
grill gther izapods arve skin parasites on Elsh.

Barnacles,

Leok vlosely at rocks Ln ot near the ocvan at low cide. ©an you see
the white, wolcano—lEke humpe? The animals Yiving inside these limeatone
"eastles™ were orviginally thoushr to be strange sea sbells.  But pui o shall
rack eovered with these '"arnacles™ in pout aquarium and see what happens!
Tap plates of Fhe limestone hvewese will open up and oub will swerp mioy
sheoder, jointed leps!

ACCORM BARNACLES OFEN BARMNACLE

Tie voung barnacles are free swieming bui after a shert, flanting
Yapval period, this animal pluvs iis neck to a tock, ur alhay kzrd sub-
gtrate, ood makes itseilb a llmestone house thal 1asts the Tost af lrs Tife.

a sea-galng couwsln of The harnacles is of Len aeen
attached to any vhkjert, nacural or man—wide, £hat has
wished ashore trom & pordod advife oo the veen ocedn,
These animals hawe a mueh sklmpler coverine of 1ioe-
sieme plates atop a Losmgh, Fleshy, svmelloes lrog
atalk., They are apely named "grose peck” barmacles.

How many nEher crusary-skinned] erabfshrimp vousins can yoo Mnd?!



Hawald NalLure Study Froject 113
Eeef and Shore

5. BRITTLE STARS...SEA URCHINS...SEA CUCUMBERS

[ntroduction.

Fhylum Fohloodeemats ig comprised of related groupd of spiney skinned
animals having tube Feet and uswally a Five-rayed radial symmektry, (Of the
Five classes of echinoderms, the chree types of animals studied here ars
representatives of classes cemmenly faund 1o [[awalilan tide pools amd cock
tlat areas.

The charecterdativs ol the "apiney skins" are easily cheervable by
ameteurs. After investigating Lritrle stars, =ea wrehins, and ses cucumbers,
the students shouwld be able to deduce from thelr cbeervationa thar most of
them hawve bady parts or markings arranged in five vowa although in differ-
ent "seyles",

BRT'I"ILE ETARS

Brittle stara are members af Phylum
Echinodermata, Class Ophiutaidea, Brirctle
arars have small cencral dlsks and five
slender, gracelul arms which may break off
readlly in combat ar defense. Thie accounls
for the name brittla star. They are also
cilled serpent stars because of alinupus
glidtng motlons which thele flexible arms
make possible.

Brittle skars ore gsually found
geveral fogeiher under rocks ar I[n cre-
vices on the reef flar sand sondy bottama
just below the Tow tide level. RBritrle
stars vrawl about at night and hide under ERITTLE STAE
rocks by dav. Howewer In a kank which
provides no hiding places ihe students can see them move sbouc 1o the day-
time. Their favoriie fooed is shelifish but ehey will alse plek up detritus
and eat algav.

Prahlem 1. [FIELD INWESTIGAT[{ORS BAWMDS 1, 2, 1

Durdag an Exlvnded Field Trip at luow tlde, note whether the offshore
bitcum arvas contaln brittle stars in sufficfent quantity for class abser—
watlon. TP se, this topic can he pursued at that time. Another appraach
15 tor the teacher ra seurch for brittle scar tercitory and arc a coovenicont
time eomdnrl the class om a Shorr Fleld Trip to the sice.
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Primary children can duw & auperficial towestigation, gulded by the
teacher, who can be gulded by some of rhe questicn® belaw. Older students
can be mare thorough in eheir szearch, as well as mare persvvering and
inventive In thinking up rheir own questions.

i?rublems:

What is the size of britebe stars compared to your hand?

What color are they?

How many arms do they hawve?

In what kisdsz of places o vou find brittle stars? free swimming
in the water? hiding In creviees ar wnder rocks?  buried in che
sand? resting on the hottom? up on the dry beach?

Do brlcrle stars seewm i live alvne or several togethert

What plants and other animsls live near the briLcle stars?

Do brictle atars move (ast or slow? How de they use their arms
in moving?

Fick up @« brirtle star and bold it geobly 1n your palm.  (They are
| nul palaoncuas and do not bite.}  Can wou keep L€ 1n vour hand?

| What does 1L do? Do not be surprised [f 1¢ drope off one aTr more
of lps arms im an atlempt to geb away from you. New arms will grow
hack pradualls.

Do any britgle stars which ynu find show evidence of having lest an
arm or of growing back a new one?

|
i

Suggedated Procedutes.

On the tiecld trip, the studenrs might be divided inbto groups to gearch
different parts of the shoreline waters {ar hritble stors. If the tlde t=
1w 1t should net be necessary Lw ge hevond ankle depth ko find chem do
crevices daml under rocks.

grudenta aften do nor "see' the thinga they leok an unbil warlons
points of observacdon are brought to atbentlon in discussion. This can
best be dane =zittlng an the beach affer a preliminary aurvey vl 1he ares.
e atudenis will have thelr own observailons and quustfona to contribute.
The prohlem questivos above can be selected from and adapted by the teacher
ta keep commenta golng.

Atter the teacher and students have mentioned neticing varivuas items
abpur hrittle stars and geoerated Further guesticns, the grooep usually needs
ta return far a secomd lupk, this time more alert to paints to observe.
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Frobles 2. O0BSERVATIONS O CAPTIVE BRITTLE STAKS Es¥DE 1, 2, 3

Ering a fvw brirtle stars of different aizes Ffrom the reef ke the
classroom afguarium in & covered bucket having a hattery pump. Flao io
relurn them to the scea when the ohaervations are complece.

Primacy students w111 enjey simply watching the graceful movements wf
Arittle stars. Older students can sketch them, do feeding and behavior
Lnvescigations, and make netebook reports.

Materials.

aTcverad Fusket with batoary pump for briwnging specimens o the

o laEsrant Lo

—Maaproom ayuoriae

—Heneral L:.E.;I.gﬂ .r"":l":? Pl!..1f:5‘:$ Fap Eha e‘u;.'l'l.ﬁ:-u:lzq?ﬂt,:' for closa=up, ama s ¥
group abasrvuiion

—Ezilrg geq mikap

Frahleama:

FPlace a brittle star o a glass ple plate with sea water. Make a |
careln] skecch of it in celor. Draw a general view wl the sbape;
then draw a close—op yiew of the central disk and the underside I
af ane arm. )

How cin wnu meagure brictle stars for size? by length of one arm? [
by diemeter of the ¢eabral d418k? by diaweter {rom tip to edp of !
extended arma?  hy diameter when lying cofled up and gquier?

Using whichever standard of measurement you decide upon, what 13
the gize of veour brittle arara? Have you ever séen larger or
smalice nres?

whar 18 the alze and shape of the cembral disk? |

Lenk thrieeh the gless from the bottom and see how a beirple =tar
mpves. When Lt iravels, does it always put the same arm first or i
doms 1t go in any direction wsing any arm? How could youw mark
the arms so0 yueu will koow which is which?

Turn the animal upside down. How doee 1t po abewot turninog 1bself
awer? It you turn it upeide down repeatedty, does it always clght
itself {n the same way? Does It slways use the same art or ares

Co turm aver?

Are the arms beictle? Can they mowe In ooty harirantsl directivos?
Care chey move in any direction like an octopus arm? Can rhey grasp
thinge with the tip?

(cont'd on noxt page)
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Problems:  [eoae '}

Feod the brittle star a Llny bit of Cish or other scrup and care-
fully watch the mowvement of the arma in transferring the food to
the mouth and of the moulth 1o catlng.

A star {ish uses lus Lube fovl Like small succino Jdisks o cliog
to rocks and Ahells. & hrittle ater alao has tube feet but they
dneomat At as fmetlan disks,  What dees a hricele star'as cohe fFest

geem £o he used feorc?

When you are fipighed sketching and observing your hricecle star,
Ful Lo o the class agquaciwn,  Jesp iU inte the wacer andd see 1]
1t swips or does it just drop like a dead weight to the bottom
Bt orha fanhk?

Can a britcle =star climb up the vertical walls of a glass tank?

Do brittle otars mowve cwre Erequently toward the !ight or 1inko
dark parts af the rank? How could you do o restoan ehils o find

autk'?

What diiferent kindes of fooo will wour brictle star cat? What
daea 1t 11ke hesr?

Keep & general watch an ywour hrittle acar In the olass tank Fram
day o doy and werk to wick, How dovs it get aleng wlith other
brittle srars?  How daes iU behowve towerd other unloals i the
tank? How do the otaer animals creat it?

What other imvestigaticns would you like to make with your britble
atar?

Suggesied Procedures.

Group o [ew studeots acound coch gluss dlsh contalnlog cvov oo two
brittle stars. Fut encugh clean =223 wacer in eack dish to compietely
cover Lhe unleals.

Yo might write somwe ol che problen quesiiong on che board as a gutde
for the students, or vou might ask them to observe anvthing they can while
Yoo po around and make comments and azk queaticras of each growp. To a
grovral discussion, some or all of fhe polnts mode 1o the problem questions
canr he hrought out.

The word hrittle 1o the narme brittle star hasa nething to do with =stirf-
Mss.  Boittle star arms are flexible and agile,  The tube feel ace senecry
OYRANE.

Erittle =tars should not remsin ic the glass dighes oyer nipht. Return
them at Lhe end of the easccovat lon perlod Lo the class tunk. There, fucther
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‘nveatipgal lana zap bueowale concermiag theit vatlng habits and thelr sctivi-
ties jn relation o other anlmals. When frapped inte the rank, a britLle
srar often plemamets to the bottom. The anicals can awim, howeuver, and <o
o nuice gracefully and rapldlivy.

[F crabs are part of Lhe cless tank community, you con expest at least
ane ot the brittle stars to iose an aro or twa. Theoretically, che arm
stump regenerates a new arm, and it w111 da so it the brittle star [s feil
and carcd For in isalaricn, Lelt In the rapk, an injured animal becomes
tair game tor further attack and 1s soon sompletely devanred. This 12 an
apportunlTy for a Llesson on the balance al natutre and thee fard chain o the

S

Tor lumg term abservacion, kerp che briitle star populatLon down Eo
twe ur Chree ser rank, uoless wou have a tank which contalng nathing but
hrictle stars.

Older elementary srudents can fe expected o wrice a repert in Eheir
notehoaks about thelt brittle scar inwvestlgatfons,  See the PROGRAM HANUAL
for styles and procedures oo Teporhing.

Depending on class interest, you miy wish to eocnerage bricilse star
art, pretry, music, ar story Letling.

LEn JRCEINS

1ol :'n_ﬂ_-.:{:_t_iﬂ.

Cea urchins are members of Phvlum Echhinsdermsta, Class Frhinaldea. Sea
urchios relflect their memhership in the phyium by the presence of twhe feet,
and by a radlal syamerry which {s more net frealile oe the Jdemuded scelotan.

Sevrral genera ol sea wrehins ate
cammanly sevn [n Hawalian wnrers.  Twa
cammon tide pool specles, Echinometra
spp., ralled "ina in Hewalinn, are
hlack »r 1lght preentsh Ln colec,  ‘Thess
shundant aechlus age cheirn splees and
raspiog wouth party ra dip holes e the
reef, widenlng and decpendng the cavily
3y they themselves grow lartger. CVEN-
rizally they beceme iopelsened [or well
prﬁ1Eﬂced?j In mmall-mouthed holea trom
whicsh they can no longet get out, oar

be nzlled out, EEHI'_"]D_'METHA SFP.
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4 pommon archin, LCuolobecentratus, 1=
shlngled wich hlunt, flat, dull black spines
and clings to surfaces of roecks in the inter-
1ldal pane where wewves pound.

In deeper water are found the loarge
wana which are a Hawallan delicacy eaten raw.
Wane sre jet black with long, ncedle-like
spines. The spines are prlsorums and easily
penetrate Lhe skin when touched. The comman
wana 18 Echimotbrix spr. [Dladema sp. are
found wEf the Big Island, The stwlents will
nat likely cnceunier the=a except possibly
roung specimena which may be o shallow
water,

ECHINOTHRYIX 5F,

Trippeustes sp. 14 & larpe bedied uwrchin wich numerouws very shore
tlack spines, alao found in deeper watey. Thiz urchin has the habit of
camoutlaglng [isell wirk a cover of pebbles and sand grains which 1t poves
onta ftaelf.

4 tide poel vislt glved oppartunity to wiew shallow water ovtchias in
their nermal habivac and atudy thelr general ecology. Ter (urrther claae
vhservallan, a few urching may be brought back 1o the class tenk or kept
briefly Ln aerated gallon jars. Upon completilon of Eie atudent Investiga-—
flana, the urchima shauld be roturned ca the aea.

Problem 3. FIELDF OBSRERVATIONS Banls 2, 3

Durlag an Fxcended Field Trclp ta a tide pool area, 6 urihin obaerva-
tion and discwssion may accupy 15 to 3 minutes of the Jay'a agends, depend-
ing ve utehin variety and abundance, and oo student intevest and ablllty.

See Section I on Extended Fleld Trip planning and procedutres.
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Frolhilems:

Look for sca wechinsg in t{dal poole and an rocks at the wave break
Iine.

What difierent sizes and colors of urchine can you {ind?
Lok for Elal, black uwrchina on & rock face in the splash wone.

Can yow get o ride pool wrchin oue of 18 rock hole withoewt hort-
ing ar breakdicg 4itct

“hat cther snimals [ive wlth or pear {he wrcshins?

Laok under the urchin for tiny mollesks and warms which live on
the urchin near itz mowatch.

What do vou think sea urchins vcat?

Keep an eye aut for sea uvurchim tests (skoeletons).

Sugpested Procedurcs.

Prepare students for Fleld alvervarions of sea urching by golng vwer
some or all the Problem questions above. Pictures or sketches of urchina
and an urchin test {skeleton) might he shown ta them =o that they will know
whar they are to laoock for but without revealing answers ta Ehe ohaervation
quest lons.  &n aleernative s o walr wntil the class is pathered at Lhe
earh. ‘Then show them an urchin, while at the sam CEme Suggesting some
chexrvations ther mlght make, wsing the above questions as a geavral gulde.

The question on sizes mEght br answecred in the field with a puess In
cent lnaters or inches or hy comparison with something of famillar afze such
as 8 hen's egp or one's own thumb. Speciflc measurement in inches or cm
van wilt far cloge-up wilew In the laborstorr.

Getting & a=& urchin cut of its hole fn the coral 15 next ta ilmpos-
sible without breaking clcher the wechin or the rock. The trick is to
Matndge the urchin before it clamps down tightly In responie to helng
disturbed. Student puvsscs as to what sea urchins might eet can be based
an where they ldwe, what lives around them, and chservalioms of what kind
at teeth or mouth strocLwres they have.

Proplem 4. CLASSRODOM CRSLEKYAEIONS OF 3FEA [ORCHINS BaNns 1, £, 3

This problem can come afrtetr the Tield ohaervaticns have been male , oOF
it may =erve ng an intradoction to sea urchins for siudenls wha were too
yaung ot had no opportunity to vhserye wuechins tn the field.
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Mareriagls,

afokat ar Jar din g biftery pump for Broeging wechivg ok LR
reE’ te phw oldaze funi

Slerge glass dors oflh sen yotor for ooroupe of ptudent obsermens
-Szizerr! flat pane wER pea woter Tor JuptRer siudent ofaerpation

Problems:

What =izes are sva urchins? In trying te determine the size of a
se archin, what should vou meazure? 1ts heipht, diasmetet, lTength
of apines¥ diameter ot body withoewt spines?

What differvat kinds of bady parrs does 8 sea urchin have! Look
for tuhe feet. How long are the tuoe feei compared to Ehe apinea?
fce all bhe spines alitke ar da thevy differ in lengths and ather
characterizsties? [an the spines mowe?

How do sea urchins mowe?  Watch an wechin climk the plass wall of
the aquariom of of a glass |ar. Chserve the movements of the tube
tezt through the glass,

Deeg ac urchin hawe tube fevet all gwer lcos body or only on the
criwling surfare? Carefully place am urchin on your homt. Are che
tube beet soft? sticky? too weak to feel? Da the spines mrick?

How fast, in imches or centimeters per minute, can a gea urchin
move? Can you change the light et food suapply ot ofber cilrcuom-
stapces bo make it muve (aster?

Turn an urchin apslde down,  Can he right himsel€?

Flace & small atone or other chjvct om 1op nf che spines.  What
daes che wrehin Ao ahoowt 18, 1€ anything?

How daesa an urchin eat? Zxamdne the mouth.  Gan youoe see Flwe teech?
The five teeth and the hard-wnlled strocture behlnd them have a .
ahape 1ike an old Sreek laptern. The tecth apd flve baney atrue- i
tures are rcalled Arlsitotle’s laotern.  (Who was Aristotile?)

What dors a ses uechin eae?  Predict what you thiok yoo shaold
feed vour urchins. Might they cal some of the ehipga alresdy in
the vlass tank?  What kinds of foods do thelr mouths, reerh, and
movements scem to indloale they might ke able to handle?

Suggested Frocedures.

fnesrione and comments adapted from the peublem quesclons above may he
helpful Ln stimelatlng the srulents in case they £all by the wayside in
pursulng {nvestiszations on sea urchins on thele cwn Indtiative.
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In & battery-serated bucket we jar, hring back from the reef suffici-
ent uwrching for each geoup of student obserwers Lo have st least one In a
glass jar. The sides aof a plase jar allow obaervation of the mouth area
and tube feet and apioe action while srawlinog.

Each group of students also needs a shallow pan of sea water for
chearving some of the ather aea urchin behaviors.

For size measurement, almost any standard the studencs decide upon LS
uscable pravided they all meagure the same way. For example, they may all
agree to measurte diameter from spine tlp fo apine tip lopokiagz dowm from
abave, or chey may decide to compare urchins by measuring their heighes,
ot the gize of the body proper, not couniing &plnes.

Regarding body parts, the students should note the mouth and teeth,
the spines which are movable in a "ball and pocket"” type Joint in the skele-
ten, and the soft, suction disk tube feet. A4 plumhers helper or ather sue-
tlon devleesa could be used Fo demonstrate how the rtube feet keep the urchin
aticking to the sides of the glasa wall.

When stomed, bits of aluminum foil, and other cbjeces are plaved on
top of an urchim, the spines weually move to negocilate the abject off the
urchin, except in the case of one specisa (Tripneustes} = deep sea, short-
gpined urchin which purpasely picks up small stone and puts them on top of
leself oy & camouflage.

The students might try a varlecy af foods to see 17 they can deiect
Faad chofces. FPredomimantly, wrchine are algae eatera, particularly of
rock-encrust Ing algae which they rasp ofFf with their teeth., HAasping may be
observed an the encrusted algae on the sides of the aquarium glags.

Iyring the few days wr week that the studentd are abserving their
vrchine in gallon glads jars or flat pans, change the xea water avery bwo
or three dayz, unless clouding of the water from vverfeeding Iindicates a
more frequent change. After about a week, one or twe wechine can be
retained for the class tank and the rest be returned to the sea.

Problem 5. THE SEA URCHIM TRST {SKELETON) Bamns 1, 2, 3

The students may have found a whaler
0T a plece of fea urchin test an che beach.
feople often keep urchin Eests as vrnaments
in their houses. Perhaps one ot more of
these eould be borevwed For class observa—
tien.
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FPrablems:

whar 18 & ses urchin test? What does 1t =eem tc be made of!

borice kinds and oumbetrs of buops on the cest. Hotice the palbern
ot the bumps.

What mlght he the cause of the lhumps on the test?
What might the holes at Lhe top and bottom ol the test be Ear?
What might he the use of 4 fest ta a sea urchin?

What art ot craft objecl eowld vou make wilh & sea orchin tesi?

Suggested Frovedures.

Students may he ahle bto surmlse {or themselves thit the sea urchin
test 13 the urchin's skeleven which protects the soft body parts aod pro-
videa anchorage for Lhe spines. The bumps on the test are the srockets in
which the splnes are set. D sure the students netflce that the cows orf
bumps up the sides of the test from mouth to center tup are five dn numbetr.
This 1s the ses urchim's clolm to membership in che atar Eish pliyToe.

The bole in the bottom of the test is for the mauth. The hele 1o the
top 1s the ama! oprolng. Water is alsv transported through the test wall

via tlny sieve holea.

Begardiug what a test is made of | if the students have already studled
sea shells they will kwaw the winegar test Tor calcium cartbonare and can
apply i1 to a plece of test wilh posaitive resules.

sea urchin tests ate crafred inke ornamcots of all sorts.  The
atudents” ereative imaginatisns might give arigin to any oumber of beaut) {ul
vr loreresting arkifarcts.

Ocher Sed Urehin Possibilitles.

GUruwth of sea urchins Ls prohahty too slow fe hold the Loterest of
young children, but for any who are interssced, data might Ire kept on
increase in diamerar from weck to week o month to acnch.

Al spawoing time, male urchinag spew cut clouds of while semen whilie
the female releases ¢louda of yellow egga into the wacer. The phuenumenct
might by chance he obmervied,
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Concluslon to &ea irchin Investigations.

Student notelrooks should reflect what they have heen stuwdying ahout
gaa urchins: ocbservatlons, experimenta, dats, diagrams, conclusiens,
poetry, stories, arc wotk, ete.  Suve che FEOGHAM MAKDAL on atudent repore-
ing techpigues.

SEL CLCUMEEERE

Toaeroduction.

fea cucumhers arc members af Pliylam Echinedermata, Class Holvthuroddes.
Hawall hus mamy genera and species ot helothurlans.  Thase around moet of
puar sharelines are tough-skinned, range in alze from two inches to two {eec,
and 1o volur frem Black o hrown to reddish to pale. One spectacular
apecies in Kaneohe Bay L% thin-skiaoned, lipght colored, and long. When it
s 1Lfeed out of the water, the skin stretches oot lengthwise. The imner
nrgans flow down into the dangléng portdona of the body while the part held
in the hand collapses ioen what resembles an empty sectian of limp intestine.

SEA
CUCUMEER

™e sea cncunmher’s claim to membecshlyp amang the achinoderms rests
chiefly with {5 five rows of redored toke fect which ren the length of the
budy fruom mputrh Eo apua.  Ses cucombuers 1lwe in And on sandy bottoms, some-
times sheltered under rock overbanzs., They ate Eliter Feeders, taking in
sopd Al defritus with the help of thelr oral tentacles as they tunnel
through the sand. Sand pellera are extruded frum rhe anas.

Aespiratory trves, which are much convoluted rubuales are located just
inslde the anal canal, The thythole pulsating of the anus pumps waber,
from which oxrpen is extracrted, In and out af the reapiratory trees. The
speed aof the pnlae 13 related tw the TeRnperature of the water.

fs 3 defense ar under streass, thye sen cincucbher expells {ewiscercates)
ite complets sct of cesplratory trees and some ather Internal organs. speiw—
itg theo ool ltke Tnng thin skeins of spaghetti. The cucumnber soan tepen-
erates a new =et of lnoner argans,



L2 Rawzil Nature Sfudy Project
Reef and Shote

4 riny black and white ceak, Lissoearcinus ap., 1ives inside the meach
cavity of the sea cucumber as 1ts natural habltat.

The Chine=se were the first o gather and dry sca cucumhers which arc
snld as “rrepang’ or "beche de mer" for making a highly prized goormeb soup.

Investigation wilh Sea Cucumbers,

Problem &. FIELD OBSERVATTIONS ON SEA CUCIMBERS BANDS 1, 2, 3

Cpy cucuwhers are begt examined In the field, then left there. Sea
rucumbers are mest =pgily Found at low tdde corled dbco a crevice 1n the
reef, looking like part af a dark rock Tightly covered with a thin laver afl
qand.

Matopials.

—Ad gwgll hozile (piil Botsle sizel somtaining gowe Aouzchold ammomlc.
At the begok, 4 amail arount of aumonta wdded ro o Busket of seq
Dacar aperertmites o O 0F aslutdiow of spmondum hpureside whick oo
atimilart for g cuwewmber guiasanaiten.

Probloems:
liak Far sea cucuamhers on the reef,

Where do vou find them? Are thoy mere often on bare rocks?
among sve weeda? in the aand? oo tep of the sand?  in the mud?

Whai «alor are they? Zemetimes they bave 8 laver of samd sticking
to them. Doea your specimen have sand oo $t?  Why might the Jayer
of sand he there? s it an acclhdent ot does [L serve a purpose!?

What diEferent sizes of sea cucumbers can you [1nd?  What is ihe
largest amid smallestt

Ffck up 4 sea cucumbve. They are nel pelRoencus and will not bite
YL,

Squeeze it gently. What comes auct

lank at your hands sfter you have handled @ black sea cucumber,
From the skin of some hlack sea cuvumbera 2 red dyv rubs off anto
your skln. It [y noc harmiul.

fcont'd oo next pagel
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Froblems: (coac*d}

Put wour {luger inta the mouth of & =zea cucumber. You mar find a
little black and white orah in there. Take {f out and examine 1r,
This ldtrle «rab lives in =8 cucumber mouths.

Vgt A sea cocumber inte 3 bucket of sea water. LT Lhe animal
becomes too warm or wncomforpable, 1t may eviscerste. "Evizcerate™
meany € sprew oitE the wiscers or iponer organs. Thils is how a sea
cucumber frighteos Lts enemies, Afterwards, If growe & new =et

pf inoer argana. IE your ses cocumber 1s reloctant to eviscerale,
vou can induce Lt by adding a very spall ameunt of household
ammanis into the bucket of sca water. Examiong 1he vilscera which
have bren spewed oul.  Feel che stickinesa.

Examinte the zides of a3 sea cucumber hody. Tt has five rowse of
amall tube feet. {ind them. The rows are uswally poc the aame
dietances apart, nur all af the same aize. How are they arranged?

Look for the mouth tentacles, They may he withdrawn, ar they may
be sieetche] aut.  What da vyou thiok they are for? What do rou
think & sea cuacumbur vcats?

ﬂuﬂgﬂstéd Pracedures.

The studencs may have zome difficulty finding thuelir flrst sca cucumber
becauge of the gopd camouflage ol sand covering thelr bodles. Tt uwsually
causes some stwdlent excitement ta Sind how big some of the speclmens can
graw, SHome very small sea cucembers may also he found.

When the stwlenses hald up & aes cucumber and gencly sguecze, whal
ugually comes ocut 1= 3 strean of water.  From Ehilz vou might help the
sturlenrs concliule that the cucumber is net selid "meat' butl contains eneh
Sen WIter,

It Iy possible that o ses cucomber may eviscerate with oo more prowvo-
cacino than belng sgueezed In a students’ hands. [n that case the atadenc
1s in for a surprisc gs o Lodes fo free himgelf fraom the sticky mess.  1E

1a anly uncomfartshle, not harmtal.

Masi sen cucumhers ab low tide Llice at cest wlth tenlacles ol Chdrawn.
Wwith luck, ¥ou may tind ocaov actlvely Teediez, 1n which case call student
attentian ca the orval tentacles and the undularing mations as the animel
works Ite way through the sood.

It @ay be necessary (a9 teach some sea cucumber vocabulary., This can
Tte done during the student cbheservatloms as peed fur using the terms arises.
Definitions arc given here 1o ane 1isc for teacher convenlence,
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Vicahulary,

OFAL:; ar or toward the mouth end of an aolral

ANAL: ar ar toward the anus or defecating end of sn animal
VISORRA: the interoal body organs of an animal

EVISCERATLE: spewing out of wiscera done by sea cucumhers

PERISTALS1S, or PERISTALTIC ACQTION: a wavy serles of contractlons and
gxpansions which pase aleng 2 fubular organ such a3 an Inteatinue.
Peristalais moves food through an intestinal erasct, includlng rhe
hueman intestlnal prack.

RESPTRATORY TREES: =ueh branched tubunles in aea vucumbers connected
fe the anal canal =hich extract oxygen from =ea water as Che
water is mavwed 1pn and oub.

Froblem 7. LABCRATORY IKVESTTGATIONS OW SEA CUCIMBERS BAND 2

This problem {8 recommended only fer teachets and students whe have
sufficient devotion to sea cucumbers Lo be willing to clean up the mess and
contamlnatian they usually produce. Xeep them oot of the class aquariom
and maintain them {n their owm tank, Then at least only one tank will
become fouled. Also, werk with small spicimena.

Mne pilet teacher, using exceptllondlly yaung soa cucumbhers, was able
to malatailn them successfully (or weeks in a lapge and seasoned] clasa
afquarium.  However this 1= oot the general experience or goad luck.

Thia asctivity ossumes that obsecwarions on gea cucuwnbey general appesdr-
ance and behavier has alteady been done at the beaech.

Macterials.

22 pan or other soviairer wtikh ses waler, s T0e aione, and 4
Elerilead sand hed famid of sload gome dopch as aweter 2T animals
“Waseh or sluek GilR pecon I IS putee cpumte are o Be ocakong
~Aiae? {end

-4 mapks of mrintinoing waeer a2 JiFFepenr tewmarctures (17 LHE
{upeatigasiow on fammamziner OO Tapencea ta pursued)

_Other gguipmens whick SPAND T gtudents nay vead Tor thetr cum
LEnantions

5

Probhlems:

JRE—

How dovs ¢ fea cucumber Burrow threogh sand? How does it move ita
body Farusrd?!

{rant'd on nexl paged
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Frublems: (cont'd}

How do the teptacles arcund the mouth move? What are Lhey dolng?
How many tentacles or rowa of tentacles canm vou count? ;

What comes gub of the sea cucumber al the anal emd? You will
nocice that moch of L6 ls wamd.  How d1d all that sand get ince
the sea cocumber? Why do vou think o Sea cucumher would take in
s much sand?

With 5 hand lens, examine the five rows of tube Feel along the
length of the hody. How do they compare with the tuhe feet of
sea urchins and briccle stars? !

Whetn & ses cocumber is lyilog still, ootlce amy pulalng movements
at the anal end aif che animal. Thes: oovements are causing water
to move in and out of the respieatary trees. What might the
reppiratory treses dn with a constant change of sea water?

Count how many resplivatary pulaes per cinwte. Change the
Lemperature of the water. Ler fhe sea cucumber sdjuat to the
new temperature for about five minutes.  Then count the number
ol resplvatory pulses per minute at the new Eemperature. Try
geveral dlfferent temperatures. What can you concloede about the
effect of temperature on the rate of respiration?

What other inwestlgalions wiuld you like to make uvn Youy sea

cucumbey? i
————

Suggested Procedures.

Sea cucumbér movements are oob easy to obszerve hecause most of the
time the anlmals 1ie atill in the sand. Ilowever after & day or ilwao the
gtudents may notlce butrowing cracks and pellets ef sand which have been
expelled from the anus., The mand 13 gathered in by the mooth teatacles
and passed through the Jdigestive tract by peristaltic actlon. Om the way
through, fungl, hacteria, and other ridbita of nourisbment aré exgracced
from the sand. The grains are expelled trem the anmg held together by a
murus. Sea cucumbers are called {1lter feeders.

The respiratory pulsation moves aerated weter through the resplea-
tory trees wherr omxvgen 18 extracted., The respiretery pulse guickena with
a riee in temperature and slows with a cuecling of che water. Gilvwe the
animals smple time tw Adjnat to the new water temperdarnre hefore taking
the cesplratory pulae count.

After obzervetions are cemplete, return the sea cucombers (o thedr
natural habitat.
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Problem A. THE ECHINODERME BANDS 2, 3

Afcar the students have gbaerved two or all three of the members of
the echinvderms given here, namely, britkle slars, =88 urchins, and aea
cucumbera, they should be able to draw a cencluesion abouyt characterlscics
they bave 10 common.

- - . '

Frinklems:

Look at your sketches and notes about brittle stars, sea utchinz,
and sea cucumbers. What body Atructures or characrerilstics do all
of them have in common?

These three animals, along with nthera from deeper in the sea,

are called gchinoderms which means “spiney skimmed''. Is this o

. grod name? Can yom think of some other names which would deacribe
this group of animals?

Epﬁgestud Procedures.

Asslst che students to note that sll the members of thls growp have
tube feet which, in ane pettern or ancther, ave arranged In rows of flwe.
The spiney fkim is not st ochvious [n el cucumbers although rhis aleo is
a graup characterigrlc.

Students mavy prefer a mame like "five pointers” or some such as their
invent fon.

BTy Sl i e Al B e e e e
e I i R R
i g
L FROM SHELLS TD 4 STUTTER f4 pugzie for older elementary studencs) s
- ;
g, € 0 W R I E S Gtart with a bunch of cowries, i
-
53 i
5o L o Taks omt the "1 and rearrange the remaining Em
i letters Inte a deed or bond held 1o securdcy
e s
5
ﬁﬁ 3. . . out with the "w" and get the paints earned::d
Bt during an athletlc game.
=

ant o
S5 L Remowe the "s'" and get into the very mid-
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B, NERITES AND PERIWINKLES

Introduccicn.

fiar common Hawadllan black, rounded nerites
{plpipis) and prey, pointed periwinkles are
maripe mollusks of the sea snall class

frastropodal,  Brragse they are air hreathuers,
these two snallz can live sbowe the water

tine oo rocks where they are both abundant

and earily accesalble, NERITES

Later, che studenta will hawve opportus=
nity to lock at many boantiful deep water
shells which are nokb seen In the liviog
stale at the sharveline. Herites and purri-
winkles pifer opportunity bo study sed
shells which are still in the possession uf
the snaill apimals that make Chem. FERIWINKLES

In ciellecting snails tor classroom work It ahauld be hrought 1o che
childeen's attenlblon that if ewvery classe o ewery grher:] cellecred dozens
i anails and falled co return them to the tocks afterwards, we could wipe
out the specles deapite thelr mbundance aleng oot sharelines at rhe prescat
[ime.

Spa Snail Investigations.

Fraoblem 1, FLELD OBSERVATIONG BAKDS ), £, 3

periwinkles and nerites are beat siudied at the beach where che scu-
denrs can obEerve thelr clustering and nete the zomatioo. Fariwinkles
uaually live high an the dry rvacks; nerites are helow clader tv the water
line.,

The follewing mulrftudineoas questlond are net for readiog ar giving
varbatim to students. They are suggestions Eor teachers ba koep Lo mind
and nae as feasible during the time at Lbhe beach.

Probloms:
*ihat colord and shapes are onerites aml periwinkles?

Ewhat aize L[s 4 merite and a pepiwinkle compared [a ¥our fInger tip
ar some other tamillar object. How leng arc ghey! How wide?! What
Eizea are the bipgest and the smallest cped you can find?

-

(cont"d on next pagelk
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Frahlems: {cont’d)

smwooth?  hoth rough and smooth? dry?  wee?  both?

Where on the tocks do the nerites and periwinkles live? near the

|
1
|
[
‘ What kind of rocks do the nerites and periwinkles liwve on?  rought
1
. water? high uwp? in the cracks? on open flat surlaces?

How cighely do they clipg to the roek? Ie it hacd to pick them
aft?

Do nerites and periwinkles live mixed together ar daes each kind
of snall keep with {ts own kind?

#Do neciies bunch together or doeg each spail go its uvwn way?
#bo periwvinkles crowd tegether or doea each one keep to itselfT

Can you Eind nerites and periwinkles in the sand? on the coral?
in the tide poalst?

*[o aes enalls move or do they always etay In the pame spott Did
you aee any of them move?

Fick a nerite or a periwinkle off the rouck and quickly lock ac
ita Foot. (Itg foot i the rubbery-lacking part onm which 1t rests.)

Flace the mnerite ar periwinkle wpside down in a wvery amall pool of
aea water and watch {te Foot come out of the ahell. Watch for a
few mitnutes to gee what the 2rsll does.

What elae, if anythlng, lives where the nerftes and periwinkles
live? &any sea weed? Any other rock-dwelling animzbe?

*what do you think sea soalls eat? What do their relatives, the
land snaile {garden zlugs), eat?

—

#indicares questions which can be veed in Froblem 2 alsc.

Suggesfgd Procedures.

1. fet up & Eield trip, either a shert telp far the sole purpose of
pbserving sea =neils oo shoreline rocks, or make #ea snail obaerva-
tione a half hour or am hour portfon of an Extended Field Trip., See
Section I aon Extended Fleld Tripa for ldeas on wanagement and arrange-
mente.

Alm for a low or an ontgoing cide for safecy's sake, even though
nerites and periwinkles live above the water line.
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2. Before gaing om ghe field trip, show the siuwdents a qulck rough sketch
ar picture af perites and periwinkles so that they will know what they
are looking for, but do not describe details, That will be their job
to observe,

1. From the numercus questione in Preblem 1, give o few questicas to Ehe
gtudents ahgad of time to glve them something to stard looking for.
The remainder of the questioms in Problem 1 can reside in the Lteacher g
head or pocket. later in the field while the observations are in pro-
gress, drup additional questions informally berc and there to mat ;b
abgervational opportunities. C(hestions can be curtaliled or expended
to match the patience, {aterest spam, and ability oFf the claes.

b BAND 1 stuwdents complete thelir work lov the day when they have pbzerved,
remarked, exclaimed, and are about to grow tired.

BAKDS ? and 3 stuwdents can be expected tv do some netebook veporting
with sketchea. See the PROGEAM MaNUAL for reporting format.
Problew 2. CLASSROMM OBSEEVATLONS RANDE 1, 2, 3

This problem presuvpposes the setting up of a gallpn jar with a trans-—
parent plaseic "chioney'' az shown in the diagram.

The aight questions in Problem 1 marked with an * belong here in
Problem 2 LF they were nwt done in Problem 1. The quescions below are
additiong.

I
'Prablems

Place a fow nerites and periwinkles within the plascic elrcle at
che bottom of che gallon jar- What do they do? Where do they go?

Do all the spalls move together In one buach or do they travel
oo by npe? Watch Ear any “fellow che leader” behavior. Do many '
anaills follow the leader, wr only a few, or none?

How high up the plastic columo do they go? Do they all sunp at
the same height? Is there & differeoce In heights sought by
nerites 88 compatred with perlwinkles?

Afrer they stup crawling, are they bunched btogether, or do they
come Lo reat Iin separate apots?

Warch the movement of the fooi Ehrough the Lransparant plastis.
How does 3 sea Aapall movwe on ita foot?

{cont'd on next page)
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Froblems: {voaot'd}

How does a gea snall atlck to the plastic? Feel the track left
hehind as 1t crawls. FPick a snall off the plastic to see how
tightly or lecsely it halds on.

Fick 8 snail off the plagtic and watch the movement of s {oor
a8 yau hald 1t in the alr. Then place It upside dovm In a
ghallow pan of gea wator and watch what its foot does.

Does a sea snall crawl faeter, or alower, or differently, in
water than 1t does on dry plastict

llaing mon—water-aoluble ink or paint, mark the sAnail shella sc
that you can lacer idencify individual shells. Hake dota on &
map showing where each enall Is lacated each day.

How fast does a sea enall move up the side of s tramapareént plasiic
cylimjer? lge a watch and A ruler tu wmedapute the apeed in Inches
or centimeters per mimute.

o you agrec wlth the expression "slow as 8 snail"? Try the follow-
tng arithmetic problem on snail speed and fee what you think. You
are abour 100 times bigger than a nerite or periwinkle {assuming a
gtudent is 50 or 50 inches tall and A gnall Is % dnch or 348 inch
long). Multiply the dirtance which 8 snail moved In one miowte Limes
130. Thiam is how far the snall oighc move Iin one minute 1f the snail
wire your slze, How does thls speed compare with your human speed?

What are you golng bt da with your Bea Bnails when you have
finighed observing them?

=~ petraleum
Jelly on tim
Suggested Procedures.

Eet up a gallon jar oea snall rank )
asz follows: —4— plastic
reclled into

Rall up a rectange af atiff, trans— a cylinder

parent plastfic ta form a tall exliender,

At least three Feat high. [T marked

1ape
Moke the diameter af the “chimmey"
to Fit fguggly throsgh the neck of a
large=mouthed, glazs gallea jar. +4— #allan
glass
Uew a strip of masking tape to jar
¢lode the cylinder. Mark thie tape In '
inches or centlmeters to serve as a
feadare on the elde of the crlindet.
="t 3 oem oof
s J—_

qga WALET
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et the cyltipder inio the jar flueh againat the bottom, so Lhar aea
anails must remain ingide the cylinder.

Put sbout an inch of aes water into the jar. Bo aeration or air
stone 1% needed.

smear petroleam jelly or an equivalent around the top &dge of the
plaatie cylinder to prevent anails from crawling out wver the top. Ab
alternative is to cover the top of the cylimder with & plece of ovlan
stacking held faut by a cubber band.

If the class is large, eet up several such cyilmders and jars aoc that
all 1he =tudents can observe cemfortably and simultanecusly.

At the begloning of che ¢lasa cbservation perind, place about a duzen
sach of nerites and periwinkles Iin the gullen jar inaide the circle made by
the plastic calwmn.

Most of the observations in Problem 2 center around snail movement
which 18 easy to follow when the snalls are firal placed in the plastic
cylinder. They plide slowly ower che aurface oo thelr font, leaving behind
g =lime trall. (e aneil often follows In the trall left by a previpus
anail, afrer they petrle, movemeént hecomes less percepcible unless the
palnt marking system s used.

Movementd vp. and down in the cylincer can be correlaced with the rise
and {all of the tide. A number of animals who occcupy the ipterridal areas
diaplay a circadian rhythm in Tesponse to the tidea, even when removed
from bldal arems. A& few plloc teachers have had success 1o graphing daily
up and down movements of enailes and comparing these with highs and lows om
the tide «hark.

Eating can be abserved with a hand lens aided apd ahetted by congider—
able luck and patlence. Imerse a pane of glaes ar heavy plastic inm the
clase agquarium until 1c bullds up & surface scum of algae. Place some
yoaila on the pane and see 1f rasping movements af rhe mputh can be obgeryed
through the glaes.

These afr breathing spalls cen Temain lwmovably attached o rocka or
ro the plastic eylinder {or claserodm wall) for weeks snd even months with=
gut apparent harm. When taken Jowm end placed in ged water they revive
immediately.

(beervations of neritles and periwinkles by BAND 1 childrenm will, of
catrse, be less sophisticated amd detpiled than the written and illuatrated
notebook Teports which can be expected from upper ¢lementary srCudenta.
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7. SEA SHELLS

lgirpductinn.

People of all mges are attracted to the beauty of color gnd form found
in myriad species and varieties of sca shells. Serlous collectors number
thelr shells In the hundreds and thousandas and thelr value in compatable
amount s,

1t comes as @ aurprise to some pecple that sea shells sre the prodoct
af living antmalz. The preceding tople, Neriees and Periwinkles, [ocused
attentlion on the living animals which make two of our cosmon ghorellne
shells. Invweatipatfions in this tople are desiimed to acquaint atudents
wirh rhe apectacular beauty and variety of shella. Problem 7 for alder
students gata Into apecies warlation and the consideration of aoTmal dis-
tribution patterns. The problems fnvolving crafe work using shells might
prove to be of artistic interesc to all age groups with varied resulbs
depending upon thelr skills and degrees of dexterity.

tollecting living shells in offshore and desp water 1a beyond the
capability of nearly all elementary children. Ewven 1f Chey could callect
them, It would not be advisesble from the point of view of comservation.
4 review af "The Shellers Treed" quoted im Sectdon 1 of thls kool under the
heading "Conservatioo” is appropriate at this kime. Sufficient shella are
usuallv availahle from home collectiens, from sheps, and in pleture form o
fhat =tudents cao cxperlence the richnesas of holding, feeling, seelng the
beauty, and arriving at some underatanding of sca shells.

[nwestigations wlth sea Shells.

Problem 1. THE YARTETY OF SHELLS BAWDE 1, I, 3

In this prahlem we are not cvoocerned with sarting shells by family,
genus, ar species, noe about names for shellts. That wll] came later. Here
the thrust i3 simply to become aware of shells [n thelr mamy kinda, slzes, -
phapes, colors, and comvulutions.

Frohlems:
What kinds of sea shells can you find samples of, or plctures of?

What colura, shapes, stcuciwred, and sizes o ahells hawve?
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Sugpeated Procedures.

1.

A3 a preparation for thie class, aswemble a Few real shells and a few
pleteres of shells. Show these to the clase and ask the stwdlents 1F
they know whers they can find other shells.

Designate a "ghell day" oo which shells and pletures of shella can be
brought to school to be Locked at and sdmired. For yery young chil-
dten, this ir invariably the very nexc day.

The next =tep in the activity w«will depend largely om the quancity and
gualiry of shells and pictures which are brought in.

B. The response may be minimal., Hardly aoyone seems to have shells
to share. FPictures may need to be relied wpeon. Library boaks
may be borvrowed having colored plates which can be shown oo a
gereen ueing the opaque projector.

k. The responge may be ''midling.” A Few studénta may hring io scie

beach warn shelle or perhaps Aome shell leis. Others may have

found pletures. Whatever specimens arrive can he displeyed,

passed around, admired, commented upon, examined.

C. The vesponse may be great. Someone’s Aaunty is a sheller who has
g cellection to share with the rclase, perhaps even come herwell
ton ahewr and talk about the shells. Someone's bilg brocher has a
helmet he is willing to lend for & day. Creatume shell jewelry
apd mouvenirs from living roum ghelves at home may be brought in
to be duly admired. Students may coie forth with quite a wvariety
of beach pilck-ups. & 'Show apd Tell™ on shells may be Feasibla.

Work with whatever shells and pictures have been brought In [ help
the atudents to become aware of zhell eizes, shapes, colors, and
designe. The followiog questiong and directions tramslated Lo the
language level uf the ¢lass may be uyed ag desived to enhance obgerva-
Llone.

=Mpld a shell i your fingers or rup it In ¥our hand. Feel ft. Rub
It pently. Is it smooth? Rough? Ridged?! GCrooved?

-What color 18 your ahell? Ia it white and beach wora? Does it still
have some of 1ks orilginal color? Toea 1t have spote, siLriped,
blotches of color? Are the colora sharply defined or do fhey blend
one inte another?

—What shape 18 your ehell? Ia it round? Dogs it bave sharp edges and
points?

-1f 4t ia a large shell, held the opening te your ear and listen. Can
you hear anything? (Poetically you hear the ocean. Actoally, you
heat echoes of small sounds amplified in the shell's inner labyrincha.

-Lock at the edges of the opening. Do you see fulde ot ridpes? 1In
gome species of shells these aré ¢alled teeth but of cowrse they are
oot for chewing. Io miter shells these folds are prominent and
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characteriacic af the famlly. How many ridges does wvour alell have?
Ate they colered?

~What c¢colar s the loside of the shell a= far dn 43 you can seal

—Ia your shell a ane-plece ahell, or & two-piece ghell? TIF ir 1% a
twiplece shell, can you see the hinge area where the two pleces are
graoved topether?

=D ¥ou have any hroken shells? Can you see any broken spiral sec-
1luny which were once Inalde a shell?

Since Lhls problem i= simply ag awareness lesson, the exerclse comes
to an end withouc fhe esual weltten report.

Loy |
1

Froklem Z. REPLICATIONS OF SPECIAL SHELLS BAMDS 2, 3

Here, the students wse pliable dough ot paper to mold shells €o dupli-
cate those in thelr callection. This work of replicating shells serves
several functions:

1. itudents pay more attentlon to, and become more awars of , shapes and
textures when they are engaged in repraducing ablercrs. Attention
needed to copy the ghell heightenz and glves forus ko oheervation.

2. Aq the stwlents work at molding their paper or dough shells, they
become handicapped by not knowing what to call "thils buenop,” “that
aliarp cornec,” "the place in here," This leads to questions about
what to ral]l chings and gives wvocebulary Fearning a {wnerienal pur-
pofe. A glossary of comman terms Fob shell structures 1s in the next
problem and cuan be brought torward at thiz time Ln respense Lo gques—
tiona being asked.

3. There msy not be enaugh shalls [n Lhe collection from Problem 1 for
every Btudent graup o have one of esch kind. If ahells noteworchy
for chelr slezv, shape, or rarity are reprodoced, cach student group
can have at least one copy w{ vach special shell to use later 1o
Froblem & vn serting.

G, Zhella van get scratched or chipped in the shoffle of the studeot
Eorting proceas. Uncle Tony will not appreclate having his wvery
beal shell returned €o him with two Aploes ¢hipped of . Such special
shelles can be put aafely ro o shelf for viewing only, while caples of
them are wsed by the students for handling and sorilng.

Froblem:

Hake coples of your hest, biggest, or rarest zhells.
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Suggested FProcedures.

celeck fram the shells avallable those which offer the best or most
interesting shepes for reproducticen, & well es these which need ta he re-
produced so that there will Be enaugh fot the sorting process in Froblem 4.

Divide these selected shells among the students with the challenge Lo
make coples of rhem by any meana they can. The reptoduciion should he
axact enough &a that it can be used in place of the shell For identifica-
tion purposes later. Thils demand for exactness increases observation of
derail.

The following ideas for making reproductions may b chosem from, ar
other idess may be lnvented by teacher or atudenta,

Method #i. Take colored samrapshots of the shell. FPhotograph from the

tap, oide, bottom, and any angled necessary to show speelal features.

Mount the plctores on a.cardboard. Heasure the shell and indicate the
avtuval alze by scale lines drawn on the cardboard.

Method #2. Use clay or make some modeling materisles to Sculpr A Te-
plication of the shell. The following are three possible dough tecilpes:

1. FLOUR ClAY

1 ¢ Flour
l c salt
1 rounded tap powdered 4lum

Add water slowly and knead uvntil a claylike conglatency 18 reached.
Store wrapped in wet cloth and plasbic.

z. "PEUPLE TKAIGH™ (M. Fappas)

4 r flour
1 - salt
1% ¢ warm watet

Mix flour and 2alt thoroughly. Add warer and mix well. Foeoad
dough at least 5-10 mimutes. Keep unused dough covered with
plastic wrap to prevent crust formatlon., Dough cannot be stored.
Bake 20-60 minutes dependlng on alze of forms. Dough 18 done
when it is completely hard.

1. BREAD aND GLUE

Freah white bread
Elmer'a or white glue

Mix sufficient white glue with crumhs of fresh white bread to
form a dough. Use this dough for modeling. Let dry o hardoess.

all three of the above recipes uvae ingredients which are water solublce.
For that teason, the finished oedels may sheorb modscure from the
atmosphere on humid days. A3 soon a3 the shell moedels ara dry, spray
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with a water-preol coallng wr coar with nail polish before enlaring.
Have Lhe stuwients try to reproduce Lhe delleare shadings of ithe real
ghell inm their models wsing watey color ar other palnis.

Methad #3., Make o popler mache reproduction of a xzhell.

1. Place the shell on 8 plece af
gtift papee. Trogce around it
L ahtialn an oubline of the
ghape as seen fPopm ghawve. Cut
aut gnd colar with crayons ar
colored peneils. Turn the
pitper ovel and cclar the
mnders Llde to macch che under-
elde of the shell.

1. Place che shell on a table up
against a wall. FPlo a plece —4—aper
nf at1ff paper on the wall.

Shine a llghl ¢t moke & aha-

dow of the shell on Lhe

papir.  Hold the 1ight at che i{ff
same lewvel as the shell sa
that Lhe =sholow wii1l bBe Ehe
slze and shane oi the shell
as seen feem Che side. Troace
araund the edge of the sha-
dow. Lot awb and colar.

| 211 roee

l—=zhall

3. Anchiar Che =ide view La the
center of the bage piece by
uslog gloe, cape, or pathaps
by means cfE a4 flap extension
Allvwed at che batbom of the
side wview piece,

Method #5. Inuemf any ocher way o make a copy ofF a shell, such as by

carving from styrotoam o balsawouwl, by making detailed shetches Erom
several vivwpoints, by naklag robher moaldas and peourlng in plaster, or

by whatever technigues fall within the capahildties af the students.

Instant "frazils"™ can be made by pressing shells dobe one of the tlerugh
reclpes to obialn dmpriots-

While working wlth thelr shella che =tudents will notloe that some are

wvhite and chalky with worn edges while others are caletred and shiny witl:
fine sharp edges. 7The perlectly formed shiny shells wece Lakesr alive and
command a hlgher parket value among shellers,  The chalky shells have been
beach—worn bub thevy srtill have waiue as specibens tor scoldy,
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The delicace celoclng and shine of shells can be preserved by Tubbing
the shell with a vloth dipped in minersl oll. [k noE uee vegeteble oil
which will attract Insects to the collection.

Froblem 3. SHELL STRUCTURE BANDG ¢, 2

Thiz lessont involving vocebulary has ng preclse bhegioning or ending.
As a polat of teaching efificisncy, it 18 best woven into Problewm 2 abowe
and into other problems amd conversations sbout shells wherever and when—
ever studenta need to know a tetm by which te call a structural part.

— [

Froblem:

| What are the names of parts of 5 shell?

Suggested Procgdures.

Visir the atudents at their desks or tables while they are ob work
making reconstrucliond of shells (Problem 2). As chey remark or ask about
"this bump in here,” or “the pointed tip up here,” offer the name ¢f that
part. When shellw are heing sorted in Froblem 4, further opportunities
will arise far learning the nameg of ahell parks.

The diaprams below can assiat in clarifying oexmes for shella. At an
appropr late Eime the diagrams might be put on the board or perhaps dupli-
cated with a copy glven to each atudent.

The list wi terms attached to the diagrass are more extensive than are
needed by the younger students. Select those which arce appropriate ko the
plven grede lewel and Interest.

Teacher Background Informatdon.

1. Two-plece shells are called BIVALVES, uwr PELECYPODS

UFFER WYWALWE

HINGE
LOWER WALYE

The two walves open and cloae by wians
of & muscle at the hingec. Some blvalves
have extensions on hoth sides of the
hings called WINGS.
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?. One—plece shells or soail shells are ¢alled THNIVALVES or GASTREQPODS

ATEX

SUTLURE

WHURL

LAST WHORL —-—t-

FOLDS R OUTER LIP
RIDGES APERTURE
. FOLDS OR
[NNER LI} T
CANAL

The tip tup polnt of the shell 15 the APEX .

fhie complete turn ar ocoil 1s a WHORL.

Croowes hetwean Lhe whorla are SUTGRES,

The whorls whicn form the top of the shell are called Lhe SFIEE.

Host of the snall Lfwes in the LAZT WHUORL.

The hole oF openinp is the AFERTURE.

The outer edge ol che aperture ix Che OUTER LLF.

Folds foupd on one or belh 1lps are RLLDGES,

The grocve leading from the 1nside »f che shell out ta the baze of the
1l 1a the CARAL..

The tounded bumps on Some shells are called TUBERCLES or GRANILES.

Shary, polnted extemsluns ml Bome shells are called SMINES.

4 rounded, shelly ot hetny "trap deor” ot the aperture is called an
CHERCULIM.

The aperculum of che Turban Sheli is called a CAT'S EYE.

Hold a snell with the spire wp and tne base down.  Lock down oo it
from gbove and tollow the spiral from apex ta aperture, IE the wliorla
cedl in & clockwise direction, |6 1s a RIUHT HANDED SHELL. Mrst
shells are vight hamled. If the wharls coll coumterclockwise, LV 1 a
LEFT HaNTED SHELL.

Proklem &. SORTIRG SHELLS RANDS 2, 3

Many peeple, ilncloding woung people, demeustrate an innalw desire to
put 1hings in order. Nuring Froblem |, which aimed al oo more than aware-
ness, some stwdrnts may already have rvematked on bhe likenesses and differc-
ences among cor!eln akells, or wenced to place chem 1o gimllatr groupings.
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Problem & givea atudeants an opportunity Lo exerciae thelr cendency to order
thinga.

En this preblem the astudents ave ssked to group ghells according tao
theit own ldeas before being ewposed to the standard scientifie classifica-
tlon =yetem for shells. GStudents ofren find greater gympathy and sgreemcl
with the oFficial system alter they have labored a bit at clagzifying on
Lheir owm.

o —aar

Probklem:

Put into separate groups Ehose shells which seem to match ot po
topether.

Euggested Procedures.

1. Before class, divide the clase collection of ghells, pictures of shells,
and mpolded replicas of shells made by the students, inko piles, wich
representatives of a9 many different shell cypes as passible in each
plle.

2. Divide the students into woerking groups and give cre pille of shells
to each group.

3. The challenge to the class ls: “Group together the shells which seem
o go together." Give no instructlons ae te how to group the shells.
1f the students ask for direciioms the anewar iz: "Group them anyway

you like. It's up to youl!

4, Alloar time for the students to work through the assigement. The
length of tIme needed will depend on the number of shells in cach plle,
and op the interest and ability of the studenta. Some possible criterda
the students uze mipght be:

—Crpuplng by condition of shell: brokes shell bies, beach-worn shells,
Foew™ phells,

-Grouping by s1ze: small, mediom, large.
-Grouplag hy color.

Erc.

g, Have sach group report and demomdtrate to the class the groupling 1%
decided to uwae. Try to maintaln an atwesphere of apprecistion and
approval for whatever criteria cach group chose Lo vark by. All should
ba equally accepted and admived.

. Tell the students that the scieatlfle syatem of ¢lassifying shella 1s
ta sort them by shape or structure into groups called Familiesa. Thie
doeg not imply that the student ayatems of sorting are uselees. The
afficial evsten 18 simply the one that scléemtlste have come to agres
oan and im useful a& a atandard internaticnal sysatem.
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The diagrams below may be reproduced and copies glven Lo cach student
to serve as a gulde for sorting the «~lazs abells again, this tipe
according to their scientific families. The diagrams are purposely
only outllne sketches to show family chargcteriatics. IE sbhould he
gufficient at the elementary level for students to learn famfly names
ef shell growps (Cene, Cowrle, Conch, etrc.), rather tham try to iden-
tify specific shells by genus and species. By way of exceptinn, ohe
at twa particularly Interesting ahells way be tracked deown to genus
and epecles names in & refsrence book. Most lecal libraries contalo
books ou shells havinog colored phatographs and descriptions to ald
with 1dentificatian.

FaMtLIES GF BIVALVES

SCALLGPS
OR

DYSTERS PECTENS

CACKLES
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EAMILTIES OF SMAIL 3HELLS

TGP SHELLS
(pearly InLerlag)

TURBAM SHELLS

(operculum = cat’s o)

NERITES

FERIWINKLES

STROMEIDS
OR
CONCHES

SUNDIALS

s»idec ceneh

(ner a Hawailan species
wide outer 1llp Tk oEeen 1w laded din
chell callecLloms)
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COWRIES

TRITCN SHELLS
Tud SHELLS

MUREX SHELLS ROCK SHELLS AMD DRUPES
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MITERS

AUGERS

LTMPETE

STFHOMARIA
(Soemetimes called False (impets)



1946 Hawail Nature Study Project
Bueef and Ehare

Dpeipeal Actdvities.

After the students have Iinished sorting their shells by Family
groups, yow might use g "worcabulary game” to help with the remembering aof
chell family namesa. Supply apeclmena for the ggmes by plolures, the clay
of papec reproductlong made by the students, andfor besch worn specimena
FOU mAY DAVE.

1, The "MHame That 5hell™ Came:

Fut & collectlon of shella In the center of 4 table wirh students
aeated around the table. Each student, in turn, reaches blindly into
the pile af ahells and picks ane uwp, He ovpens his eyes, looks at the
ghell, and anpwences Ivs fawlly pame. If he is correct he may claim
the shell for hie awm stockplle. Tf he does mob krnow the name, he
puts the ahell hack 1o fhe cemttral plle. After 190 minutes [or ten
turns arcund the table, or whenever vou declidel, che scudent with Lhe
largest collectine of shells at his plasce 1s the winner. &n appropri-
ate prize wight de for the winpmer to keep ane shell of his chofce for
his own.

2. The "Shell Trading' Game:

Glve each =student P small pleces of wrapped candy plus ten randomly
selected cosmon shells i a Bag [(or In two bege). The acudenta mill
around to negotiate asz many trandacilons as pos9ible in the time
allaced (perhaps 10 er b5 minutes)., To negotiate a8 trade, a student
tekes a shell from hia bag and effFers It to a scvcond stwdenl saving,
"I'11 trade chia shell fer a plece of your candy.™ 1t the second
student knows the name of the shell, he says, "Ho, chank vwau, T dan't
like . {Re names the shell By famlly.) I he canoot
regwe Che shell he must accept the shell snd forfelt a plece of hia
candy in exchanpe.

Al 3 slgnal ipdicating the end of the cpen trading period, esch sto-
deat may eat whatewver carcly hee has in his bag, Those vho koew the
most Bhell names heve the most candy bto eat.

3. "Calling All Shells"™ {ame:

Glve each player che same nuebher {perhaps 10 ot 15 miscellaneous com
mon shells kepk secret inm an opague bag. 1f possilbla, each ghell In
rhe bag should be of a different family., Tdeally, cach bag will have
ldentical contenta but this 1= not essential,. Thres to elght players
alt around a tabhle with their hags of shetla kidden In thelr laps.

The object of this game 1s ve pol rid of the shellis Iin the bag.

The f{irst plaver welects a shell {r.g. a small ceone shell), hides it
In his fi=t, extends his fi=t toward the center of the table, and
calls out, "Calling 8ll rcenes!'' AlD other players search in their
bagR for cones which they secretly hide in thely fista and then excend
thele Elsts our toward the center of the vabice,  When the leader sees
that each plaver has a cloaed fist on the table he ¢alls cut "Show
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your comea!™ Shereupon everyenw ppens bis fist revealing the shell he
is holding. A1l the correctly selected shells, in thls case cones, may
then be placed in che center of the table. Studéenta holding shells
which gre unt copes, pusf return thelt lacnttectly naml shelia co
tnele owno bags.

Then player number two becomes Fhe leader. He aelects a shell [rom

hia bag, heelds it Eidden do his fist e che table, sl announces "Crll-
ing all " (naming the shell ifemily). The ather plavers
sgarch in thelt bags Lor o ®hell of the family called ta pon into theic
fists. A ztudent whe cannot Eind o ahell in Rls hap of the klod called
Far, places hls empty L[ist on the teble with all the athetrs, simulating
that e 1z holdiwg 4 shell. When che Ieader notes that all Elsrs are
an the tadle he calls oo o snow of shells.  Cartectly selected shells
are LoFE in che center of the table. Ineorrectly aelectad ghiells are
retucned 10 che Individual's bags. & weriatlen is Lo lave playecs wleh
vmpry fists be penalized by howing Eo take am excra ehell Erum the cen-
cral plle and add it 1o thelr bag, thos delavicg theic goal of getilng
rid nf shalls.

The game ends whea ane player sieceeds in getring rid of all the shells
in hiz bag, an accomel ishment dependent wpan being able to Eelect Lh

pouper type of shell far each famliy name called far.

The winner may have the honar of having his same poested on the bosrd
g 3 Mihell Master." Thera might he o play-off ameog ahell masters.

bdditivna] Teacher Infeymation.

Only twe clesses of mollusks are given in rhe {1luattatwed liat abowve:
Lhi= snails or Gustrcpods, and the bivalves ar Pelecvpods. Within thuese two
clagses are hundreds of ahell famllies, Fawoer rhan two doser families are
1is1ed here. Other graups wf epllusks net oeacioned incluwde the tusk
ghells (single shells shaped like 1io¥ elephant ruskal, chitons (with
@lght shelly plateal, squids and actopl fwith no shells), nnd ges slug=,
fnelwliog aplysia asd nudibranchs taken in a separate toplc,

Llmpets are warer breathecs and live on 1he rocks at ar helow the
splagh zone. Slphonarias are amall, Elartish, deeplv—grooved, Limpet-
shaped ait breasthers and cling te (he shoreline toeka abowe rhe water Lbime.
The aure tesi of whether a small dome—shaped shell on the rocks is 3 limpet
or a siphanaria is 1o pry one alf und leok al the underside of the soft
hady. The siphonaris, belng an air breather, has a gmall tube al obne oide
which wnfartunately ls oot agsy fa obsarve.

Praklem 5. AUBBLLIMG SHELLS BaNDs 1, 2, 4

Chemlcally, ses snells are calciem carbonate, a8 are coral akeletone,
eoralline algae fcved huilders), pearls, blackbrard chalk, and mobher—uf-
pearl buttons. Hawallian saod and sandstone originate from the waceriale of
the eeef and hency are predominencly calcium rarbonate.
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Calcium cearbonate (CaCl,] In contact with vipegar, of any olher weak
acid, reacts chemicgliy, releasing carbon dioxide accompaniled by vizible
hulihltng and bumping about of the small bits of calcfum carbonate In the
vinegar saolubion.

The theee questions of Problem 5 are listed separately. The younpest
children will find Pert 1 an Interesting phenomepon [0 watch and {or them
the experlment can cod there.

Uppet lewvel studenty need to work through Part 1 before golng an.
Because the wording #f the succeedling gquesticns glves away the preceding
anywers, the three guestions of Froblem 3 are put Into separate boxes,  How
far to go ince the chemizstry of calciun carbenate can be detetmined by the
teacher 83 the work progresses.

Materipnls.

- Firiagan
SO Deal aofds awd eommow howsehold golutions
-Amail Flet smbrinere (petrd dicheg or Jor Tide)
=MHL BTl oF sRells aond olher ozloiww carbonate articoles (cowmsl,
rhalk, beqoh amud, graoel, pegnel Suttona)
a a a
-fEhEr StE af dtmmn vo teat ad TEHE Lo

——m—ua e —

Probfem 3, HarL 1: BANDE 1, 2, 3|
Put broken bits of shell in winegar. Observe the reackion. ‘

What else, besides sea shelle, react in thia way in vinegar?

Sugpested Procedurea.

1. Give each working group of atudenta a flat dizh or Jar Udd containing
a small amougt of wloegar.

2. Have the studenis begln by placing iwo or Lhree tiny bits of ehell,
preferably operculae, in vinegar. Im a few moments bubhbles wi]l form.
Bubbles [vrming uwoderoeath swall flat pieces of shell cause the pieces
to move. Heavler pleces of ahell rematn 1o place bub emic bublles,

1. Have the students try some "unknowns' zuch as tiny hitz of coral,
Hawaiian beach sand, small beach pebbles, prarl buttens made of shell
(not plastic).

For testlng bits of blackboard chalk use B separate contalper because
the reaccing of ¢halk <ich vinegar 15 so rapld the solution gqulckly
becomes clouded, obscuring the view of other objects.

The cessacica af bubbliog after a clme may be caused by the chemlcal
reartian naving gone to campletion. Fresh vinegar may be needed.
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4. Heving oleservad thwe reocl Lo of icems suggested abuowvi, sDdanta milghte
be eacauraged tir rry ofher amall feems of thelr chidee such as bits of
eraser, block zand, bits af dark reck, tipas of lead procils o . -
anpthing.

5. What charecLeristics do all the thiogs which reacte in winegsr have in

common? Lo £he studenls [l g cemmon denominstor ameng Lhings which
produre subbles?

Three Lenlal ive conclusions Lo Lhis problem, hopefully arrlved ail by
the students with minimuem help, are:  al all the objects <hich bubble
seen to be whilre; b)Y they are all somchow asscctlabed with the beach ur
reefs and o) these white beach products must all be made of, ar all
Edﬁtain. Lhiy sape material,

Problem 5, Purk 2: BANDS F, 2

Will whitz beasch items which ubhile in wipegar, bubble in athet
liguics"

Suggedtzd Procedure-

1. Fravide the stwlencs with zame weak acids such as lemon juice and
dilul Lans af any weak laboratory acids avallable co wou.  Also encou-
rage the stwlemis oo bry ocher Ziquids., Thner might Lhink of cap water,
aalt water, soda pop, Laundry derergeacs, closax, heusehold cluapers,

=]

2. Mahke a precdicrion hefore each new lirnuld Ls Lefed. Far example =alt
waret might be predicted ner ra predure bubhling decause if 1t dld our
beackes would copstancly be in a lather. After notlng that lemon
junfes produces a reactivn, il mighr I predicced that pethnaps crange
igice might react.  Studenta may Save their own [dess as to whether or
woT Ene warious detecpenis aond household sclvents might watk. Test
each predicrinn.

3. Can che s:tudents tind a common characterlstie among 11gauids which
cAuse buobllng, as oppozed to 1iouids which de oot preduce bubbling?
Stpdents might arrive at an avec-simplif Dol staremear auch as "Winegar
and citrus juices cause huhibling whereas detergents and cleaniog fluids
de oot Y

he rhiemical apswer (5 Lo saphistleated to burden the stucenlsz <lth,
hut may be of kel o che teacher.
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*in acid salt whisn releases s reduced moanher ob drec hwdragen bocs
(Euch 35 cliorox] may also produce d weak Teoarlien with chalk out Ehe
replavrmens teacllee I8 koo slow and weax T produce pnbbling with the
mare compabed shell hirs and Han -

Froblom 5, ZPari 13: BAND 3

Tf you Tonmd a piece nf whike cack in your yaril nt far trom the=
beasn, nme cowld yon test ta Mind out 11 ir was related co whity
i heach matetlals?

The obvious answer which arudents may offar to this prablerm is Tw
1esc whether o hip eb tlne white steme w11 bubble In vinegar. e it
dogg, rhen is may nowe in iz, ar be nade o, Ihe sama or sloedlar materlul
as Che whil+ heach ftens which bubble Lo winegar. [Letting stand overnlghtl
may he necessarvy.

Tn Hzwaij, rhe chances are goad thal whibe sboncs plrked up anvwhere
an the island are of veef arigin.  Censtouction dredging and Taond il
oftvn rasuit in reef caterials haing Dreught Fav inland. Cerzain Lwpes of
voleanic erunbions, sucle ad ac liznauma Bay, @#xploded through aneient Treefd,
brinping up kirs af coral wlaihly embu:lded haiwoeen o lawa,  auarry rock
is somel lmes carounatr matetials depazited ecuns age in a sed which bas
wimre receded while che lapd rose. By vonbeast, wlilie sacks comme an Bhe
Mainkand are clten guarcz or Seldspar &nd of coerae will naf Lubhle in
sinegar,

1t is 07t to Lhe teacher whether o not Lo 1e11 the siudents “hat 1her
whire bedcs mater lal whick pubhles In vinegotr is CALCIUX CARBOGRATL. raloiuc
carcbopatyr Ls manufaciozed by sea aniwals and plonts sach as surals, 523
shalls, Foraminifera, and corailine aleac,

This swet of problems abkoui "Hohl:ling She. " oprovides poad sccotent Tor
& Toreal scicmee notesooy repert. 1 invlud=s & proebklem e stals, Fasts,
Zata, ardl 0 ~nnclus ian. Sea “he FHOGEAM AR lrar I:'EPDL"..ir?.;-:': Futroak.,

Problem L. TILE MAKERE OF SHIKLLE IAMTE 2, 3
Sea shells are products of living woimals.  Aalmals whick mike Aea

ahells are Teund trom brackline 1o Jdepths of several kandrad meters. Snme
species oocur in greater dynaicies of 7 shore, oitherns ac grealoer d=pihs.
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dur shore-hound elementary Stwdents caanot pet te where nost sea ahells
live. Hear-shorce syeceics @bich chey czn oceach merd, for the mosti parl, Ba
he conserved. How, chen, shall oor students atudy living mai Tusks?

Ooes means Ls to cbseeye swatl rides pool snails, aw They do do studying
the nerltes and perlwicilea,

Another means 1s 0o obzervs lamad =owils wuid parden slugs. The larpgeat
land soail in Hawail is the pian: afrvican snail, which Ly sapu for study.
pfricnn anails are vcarrlers nf rat cung woers dlscase which in bumans Ls oo
form of vncepkalitls, a disecase always serlous and sometimes faral. Onooo
acrauct skould Alricat analla hecoca a port of rladsroos study ner be han-
dled by 1he studescs or teachers. T swell zteractive land anails inhab-
iting ouc Vuwalian forest areas ace hairless Los they are priced endangered
sademlc speecies so ther shonld be lebl alonwe alse. That leaves bor slady
amony the land meliusks, Lhae gartiben slaga and the snall gardec zneils tound
in the top scii er oo places in the cacly wmarning dew.

4 third, aml zeeminply besz: zouree, of walioak body study materials 1=
the local fish market.,  Orsicres, aomd olams, are rteadlly avnilable, even
thaugh =hey must b parchazed,  Openiag and laakiag at these mollashka, even
in gquaniiry, daes net endanger wild populacions becasse warket shellflsh
are raised eor vought Ffor ccmmereisl use =ithis Fish and game Llmlos.

AL Lhis ebementary levwal, Lhe st hoddes af mollusks nead oot e con-
slderad 1n micrescopic derail. The purpose here Ls racher to have ihe astu-
dents recapniee Ehat mollusks ate liwlog animacis. & slisll is the "house'
produced by bne animal’y o snfroonckle.

Froblems:
what kind of apimal liwves ia o bivalwe snall”

wWhar, kind of apimal mases a snail shel11?

1. ALWALNES

Moterials.
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Supgaste Pracedures—1o—Hricef.

1. Secare avsbfers andior clans {rom a tish markec. ¥eep 70 {ve water or
im celrigerater antil +time Eor o lass uase.

a. Lat Lhe opening ol the shells starced ra Eha 2afing where Lhe stodencs
can complace the openisng proccss,  Listribusco snells to students.

1, Have studenca examine animal anatemy and identifiv a few partz wich the
help of a Sumd leos and the diagrams (see helaw} af bivalwe analomny,

dv s (epeionall  Far, wroat least caste, the shellfiah,

. Motebook renarts.

Provedutrs-To-Oerail,

I Nieute ayslers andfor clams trom a fish markee.  Keep them 1 deo warer
ar in a refrigerator necil cime Gor oclass wse.

2. Ztarct the opening proveas sufficlenlly se the studentr can complete
the toask. Dystier shells can be Brokes around che edzes wlth g hammer
and toen pricd aoarvt sligntly su thal siudents cac inser: a koife
hlade to cul e musele Erom the anell and finlah the opeadng procees.
ilam shells might 2e laagened by (o¥cing a screwdrlver or heavy knite
inta the hinge. Clum shel ls pop ooen when immersed in baillap wacer
M:r about five minuces.

Howe thie sivdents work wish 2lean haads and olean dnstromcoals s5e 10 hal
the meat mighc e Fasted pllerssacds, if desired.

3. tiand ienses and the diugeams >elow can help students to identiiy 2 lew
parts af rlos internal anaztomy,. A detailed study 1s nat necessary. The
point is to nocdes That hivalwws zre animals wich zome common body
pares.

AYATRE

Tl MAKTIID is a dulicate, white cembrane with frlily wdge rescing
againat the ns:de of rooe shel]l, The mantile is whal Dapulacturocs
rhe shell of the animal.

The two MOSCLES are Flrw, whire, gristle-1ike, circular altackmenls Lo
L Inside of fthe shells, These mascTes allow Fhe anlzal o open
and sleae dbs shell.

The GTLIY g seweral lavers ol thin "leaves' shawing fine lines.
Ghilliich areathe oy means af penalop waorer Theeenrn The pills.
The waler cunlalins axvgen which the pills filtes ouc.

The DIGERTIVI QA& acd GOxAJE of che oysrope aoe Ul proominent, whil-
Elsh Solpe <lbeh ralen vp owosl of fhe ssace 10 the bBack part of
S TR SR B
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Mot ice that Ehe botfttoc s3cll ot the aysrer ls deeper or oore ecooped
et tnan the top nalf.  Horracles and other shelly attachmenis may be

growlng on the oubside of the eyster sheil.

aHEL.L
GILLA
[NTERNAL

BODY SARTS OF D¥SilE

CLAM
BFotirze where Fhe MISCLE 15 attached to the shell oo both aldes of the
hinge.,
Find ihe MANTLE aed GTLTS as io the syvster.  Twa S1PHDN ppenings, ar
wabter capa.-s, Ll toward e gide aof the shell.
The BT is g osalmon-colsved or pale yellow, Lengee-11ke organ at the
The e lene ean eXcend fts feor cub of fhe shell and

ceater tromi.
it

glve 1eself a pusl against “he sard or rocky bartomn et which

is resting.

sl -3 MUSCLE

MUSLLE— 51FHCNS

FOOT
MANTL F

ZHEI L

B3Oy FARCS TF LLAM
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4, (epllongly Zocautrage che scudents fo raste a bBiL ol bBlvaleve muscle.
A little smlt or other seasoning wmight help. Many pecple est the
enbIre gysrer ab entdte clac hady v e blE blee. Iry it IT wum
wish, ¥wou may boll the animal {or about tive zinutes befere vating.
For geasaning, use salt, lime juicve, cocktall sauvce, or ather soellfiahk
rirLlshess,
If yau have an exCra dnopened oyacetr nr ctom, you might pur i 13 thea
classroom aquarium. Lf it feile to show any siges cf Iife withio 24
hours, such as vpenlog s1ghtly ve closiog when tanched . A ghandd he
TEmocved.

3. Hotvboak cepuerts wlght copsist ot the given diagrams pasted inta the
arudents" anrebacks wieh acd:led =51 wdaegL conmneng s,

z. LEALLY

Haterials.,

dgk the students co irok for small garden anaila ar shell-less parden
slugs in che early morniog or in rainoy westher. {Weo Aftrican snalls?}
Some af these elght b hrowgho 1o schael Tar more carefo] abzervaticn,
Tide pocl snaile can be used but thelr shells almost completely cover
their bodlez sa that chets §is wory 1role Swdy 1o be observed In the
MHuwy anbmals.

Supgesied Procedores.

Lock Lo the [ollowlng bady parts va the snail while I s actively

crawling., The slupg I= similar bkuc lacks & shell,

SHATE. BOJY PARTS

sHELL

MAMTLE

CRERCLIL M

FOOT
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The OFERCULIM at the Lack of the foot is the part which forms the
"door'" when toe snaill is withdrawn lute lcs shell.

The MANTLE membrane 1s the "maker” of the shell, just as the skin of
our flngers Ls Lhe makee of our fingernalls. The mantle i{= alza
the protecteor af the shell while the snail is allwe. Tn sea
aliells fthe folds of the magnrle pavcilally, ar sometimes completely
cover the sutside af the shell while the snail wses {ts large
it Fo ceawl aver o eeck nt Ehrough sand.,

Make a nuetebnek repoart af 2a3011 hody parcs with a diagram o8 the parc-
ticular snail or slug which was abserwverd,

Problem ¥, VARTATTONS WITHIN A CGROLF BAND 3

Evety liwing thing, while sharing likenesses with others of its
species, is wunique. Similatltles aml differences of characteristies posg-
ges30ed by sembetrs af a related group provide the basic data for the sclence-
of genetics, taxonomy, evolutlon, and an array ol cescarch pursuite fnvolw-
lag aratisedles, di=tribotion patterns, deviation from the norm, and other
celeulations.,

411 these ace Lar abowe Fhe sacope af eliemeatary student abkIildity, but a
rudimentary awareness of the basic concept is pot. What is aimed for o
this prablem |5 4 zlaple acqualneasce wich che 1dea that related memders of
a group display individual differences, and that these difTerences can ba
shown 1n "a Toe op'" or a aimple har praph.

The traditional labpratory subjeets lor stwdy of variaflon have been
Meode]'s peps, Ureaaphils fliea, and zimilar farge controlled pepulat [ons.
The time, daily care, equipment, and sklll pevded [(or hapdliop and trackiog
swch llvwing pepulations are cop Jifficult in elementary scheool. But sea
ghella sre products of liviopg ocgandsms which Jdigplay sinilariciea and 416
Terences typical of living things, while at the same time they requlre noe
food or watee, are a comwienlenl sIyae o hgud be and cliserve, give conelstent
data from day to dav, and cen be sorted as easilly asg a cellection of snells.

Problems:

If vou nut topether shells of the swne Family (e some peaus 0T asme
spucles)t, what smapll differences can vou Iind smeong theo!

I Line vwp shells of ene group in order, so that the extremes of theic
differences are at 1he 1wo cneds of che lice.

Mske a bar graph shewlng the distribution of differences within one
shell group.

The procedures helow supgesc bepinning with leocking at differences
umong membets of the student group, poing tcom Lhere to abscervics differ-
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esred among & shell grouwp, than drawing some generai coaclusicns abaut
individual differances. The preblem could Just as easily be dene the other
way arpund, L.e. begln with oeting d1fferences ameng the shella, then note
differences amung Che stwlents, then draw some geogral conclusions. A

third appracch iz 2o omil the prowic differences apd work ooly with the
shells., The teacher wha knows the ability of Fhe olass at haml will koow
Lest which course to pursue aml how nash, Lf any, of the graphing and mache-
matical wark e get 1akbn,

Suggested Procelueren-in=hrief.

1. Intreduce 4l Leple by aocicing some buman 1ikenesses and differences
Aoy Swemae1s 2k che class,

. Hrand fhe stadects in line alemg a gredatlon of dif{vremces. Craph
the SLflerencra an the hoard to show dlgirlherinen patterns, neres, etc,

3, Select a group of related shells aml [lowe chem up accocding to indivi-
dual differences along o apectrum of small changres.

&4, Make a bzar graph uf differenses Eound wilkin ome groun at shells.

5, Disenss wherkar a pradation of differenres omong 220ple and shalla may
ke a undversal phenomenmen of Yiwiag things,  Proelee some rezsens Mer
L33 phieooseean .

Frocednres-in-letail.
1. "Maruss likenesses and I ZTerances amone peap e

Far likenesses, pote Char poecstyone has fwe edes, Fwo ESCs, ane maoufihy
and whyleuwrr alae 1t bakes Lo (denrdly o human 2eing.

For ¢ilMMerrwes, censider the wavs by which we can tell e person
frem ancther:  skape of fare, halt colar, fone ot vaice, body can-
Lagnras, balielor patterns, vic,

Game students seer wmace alfke, others Lless alivr. We could arrange
students ILn a 1l with Ehoze most allle oegacher,

Talect one churnererissiec easy o array 1o o spectrum, v.y- he=ight ot
studants, hair lenglhu, coloring, shos sige, leogth of Ideele TInoar,
ar whalewer.  Suappds we use Tadir leegrh s oan gxarp Lo here.

2, Ask the stwdents oo line themsclwes ap de ardar, with rhe lengest haic
at one ead oi the Liswe and the shortest bsir st the other end. Diffd-
sullives myy arise hecause of many sredents haviog bhoic nF eimilar
length, of one wLmlean kavicg haics of many different lepgths.  Sec
stamlards as co whether 1o za by che avcrage Sength of 2 studenis halr
ar by the single Tocgest hair on biis wead.  Rulers may have b2 be
Brought aut te zeille wmoat qaestions.
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Interpcet the graph.

In the case of the abnwve problem, we seem to have iwo populaticos of
students: those whose hair Is mosiLly four fo 21x inches leng, and
those whose hair [% cight tn ren inches long. The mid-point between
twe and l# 1= 10 inches, but obwiously the majarity have halr which i=
shotter thun che balf-way number. The hair length of the stedent [n
the "middie" (7% : 2} fs sewven loches, which 1s alsa the "short" =ide
af the half-way point. Thaze chree students with the very loog halr
seem to be skewing cur calvolations nf che sverape snd median points
awavy Fpoem Che wovm,  The teacher may or may not wish to fofroedoce
terma such as median, norm, deviation, ete.

Instead of fmeilr length, uwse helght ar any other varleble characteris-
e as desleal.

Five earh sroup of students 8 plie of related shells. For example,
one group could weck with coweles, aonther with canes, another with
periwinkles. [Osing the experiesnce above, ask Lthe siodents to line up
the shells acceording to oany ane characteristic oif thefr chodce.  They
mizht choose length of shell, manbher af whorls, nusber of ridees,
hodghr of spire, or whatever Eeems to demonstrate swene vartahility

within a common character.

Greph the shell dara sfwitarly to the method shown abewe for hair
lenpths_

Each atudent group could teporl and cxplaln 1ts results.  Some graphs
tay e narrnd and ateep; others may be spread out showing wide varia-

tion of the chosen charsctaer. [[ there iy a double hump, as ie Lhe
hale lengibs, fhere may well he a mixture of ewo differemt Apecles of

ghells in the pile,

THucuss what the wvarfafinns found 1o the atudents and those fouod Io
chells have in common.

=Do hoth people end shells show wgrlardons within a given character?
-Might other Ydving things shod such variationa of some character?

- man-LEving things show a pattern af variacion? (Reocks certalnly
vary in size but oot with a bell-shaped discedhardon arvound & norm. )

-[s Lt possible that varlakdona within a group 1s gcmething liat foes
with being alive?

I1f{ the students can cvach @ conelusion thac livieg things possess Lo-
dividual differences within a2 rvlated group, they will have grasped,
at least [n embryo, oow of che mosc basile concepts of biology.

Comprse o nptebood repart of the problem wlih bar graphs and canclu-
glone.
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Problem 8. SHELL COLLECTIONS BaNDSs 1, 2, 1

Activities:
Yigit the shell displays at the WalkikDl Acuarium.

Y1igit a shell show of che Malacoclogical Socicly or any other shell
isplaya when ther ecour.

Louk ar the shells and shell Ltema for sale in ghops.

When takiog the atudents on a field 1rlp fo the Aquarium or Shell Show,
yon will kmow 1t wou have peepared them for a fruitful visic {F you hear
them making surh remarks as "1 never koow rhere were o many differemt kinds
af cowries,” "Look! a come shell ju=t like cuts only lors higger and
shiny," "We didn't have any shells [u our callection 1ike this one,” and

go on and an.

For making areangesents for wisiting publle displays, see Sectleon T do
this hoak under the titles of ™dpikikl Aquarium™ and "Extended Field Trips”.
Fea{des rclaza visits, stwlents can he encouraged 1o wisit shell displars
with their parents an weekends. Watvh lor advercisements of shell shows by
the Malacoclagical Society and acher collectors so you can call them te your
siudents' actencion.

1f the students hawe borome locerested in end knewledpeabkle about

shells through «lass asrivicdes, they wlil hegln o notice shells Lo many
placvy, Sreluding in stores while on shapplng trips.  The sanvenir sectlions
af store shelves dlsplay shells as they are, as wll ns made inte key rings,
peodants, leia, wall hangings, anl gadgeta of all soris. [t might be inter-
gating Lo pul a rhart on the wall on whlch the students can list all the
kiods of things they have scen shells mede into, By Lhe ead of a semestur
an [mposing llst of waes (and non-usvs and mis-usesl) might be dcounulated,

Proolem 9. SEa SHELL ART EANDE 1, 2. 3

Hrenfhes chetrs a soul whoe has et seen a cowrle zhiel]l made inta a tur-
cle with limpet shel] Teet and pipe cledner Joints?

Your students may enbay meking Elowers, animals, pictures, wobiles, and
what noc else frem shells and parts ot shells., They may get ideas [rom
things they ame for sale in shops, or make up some sheltl art of their own.

A still life arrangement of abells can serve as 4 model {or pen or pon-
cil wketches, ar a compralbion with waler calovs or pastels.

The raugh fexturcs nf some shells can be made inte rubhiogs by putt ing
a piece of anlan akin paper on the shell and Lheo eolbing with pooril.
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Ta whoaln sha_ls te wark witlh, sbop zmeng the warinus hebby vlares and
MMaral deceratzt shess For sheilz and shoel? hiles 2o0”d, il pagsivlie, i 5uelk,
Hobby—maklng shel’s azuw rol casy ro ol:zain anr thow are ol icexpensive.

an Lnexpensive shqvell aerledby iz o ga "mini™ wlih shell art.  flo.r!
witk a zmavel fal of coarse acesn sand. Gevc trom it Ling klos of coval.
hroken snells, sznd graing of wiesuat shape, s of dried sea weeds T
can be pasted in artlatic arrangerent inoone sorser ool oa wmall whice es:l-
Ing rard ar sheet of plgin wratianary,

Theo pen e belesw may bee of Inrarest L seme calldeon,

BAZTS A HIHFLL

Wit it FilL Do the pames of peorte ol s osnail o oshe DD ia B spaiee
providad,  The osmoeiences Below Use aliegrar give Sints oo
the mamyr oF (oo part.  woen Che words urs compieti, Lhe
Jet rers in the ool spaceos, crad oy dewnwdards, Spell what

it ds wnr o aze ralalng aboesat .

00
o
|
-

The pyvramid-soapec top cooa z=hel .

Thee "trae deor™ which cowers he apening oo sl

TR b U ECIFEITE TR S B [T

. Soarp, polnloc exveabons el osome 2 i

A, O ogworalete vadl e ocuen.

fo. Motvbas or ridece oo s bell siees ool e ShoLLoopenrieis.

Yoo The puzer of dacer edac al e shelioebenine.

&, The greove leicllop Srom che Inside b e AToFLobe thee hitse: T ozhe
A 11
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8. APLYSIAS

Tntroductian.

aplysias hove the common nome of sea slug or sea hare.  Aplysios
Seleng te Phylum ¥ellusca, 1he mollusks, along with sea shells and parden
analle.

¥Mpst me] busks depeosis bard shiells, aften wery brautiful, armmd chelr
sallL hwdiea, aa in cowrles, cones, clams, and oyslers. 4 Tew mallusks atwe
without cxtiecual shelia, although some hawve a partial shell upder che skin.
iin Jand, che shell-less mallusks are alups, seen cpawling In gatdens at
dawn. o Ike ges, the shell-iess, of almost shell-Lewss mollusks are oudi-
wraneha and aplysion.  The common Hawallun species dealt with here §s

AR Ea lu;] lana.

Aplysias cffer two sducatiomal apportunitles [n the elementary class-—
raamr

L. They are bun reowitsh, giving oppoctundity s learn about thelx Farm
Aand Lheheavior, and

2. They make good subjerra for an exprrimenl on hoie moch preen tood
itk #% how muich animal oodr,

, E t"i-E.F.l TaAnCE.

dplyslas may draw themselves into a rounded bal]l (rom less thano
% inmch tao o few (ocies in diameter, or moy extend into an oval shape when
gbidtng ar swimming, The coler carfes from pale green lu Yight browm with
grayiah purplisn blatches on the back. Thers is a amall internal shell.
[n mome species the back wod of the foot has a prominemi sucker. ''Horns"
frhinophores) prairade from the head,  The horas, sald to resenble rahhit
fats, accoenc Eor Ehe name ses hatve,

AFLYS (A
JULTANA

Aplvsia jullana may spew out 4 whlte 1Tiyuid whnen disturbed. ther
aplysias may spew purple. Aplysias do met bite and ace harmlesa to handle,
Wt they de [uawe 1ewing and 2 sheuld o he eacen,
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F_1f:_1_|1_ _".'f_n_] 1e_n_t {n_n .

Lewik Tar aplysias 1n che Falds aad arauad
the bage of aea lectuce {Ulvald, or in the sand
belonw (1. Elvu, wlih frs hright green, flat
gkegts maxy be zttached <o racks or ay bo
Flaating 12 huaches near ahare.  Sevetral
warieties of Olwe are tound ic Hawaii,
Aplysias seer Lo Chedwa hear on Ulva Fasclata
or ity clese allies., o

Look alss In Olwa veticulaca. This sea
wired conpsists of nacroew, Elat, tangled
rilbans, T1ght greewn, wich noles dno the
cibboan.

Ta callarl aplysias, plek up a cTump of
Olva and place it ic a backet ob sca watuer,
TLaak in the falds af rhe sea weed. Shake
the sed weed vigorausly ta sew D o spee Do
ot two might Jroo aut,  Sieve throuss the
sand boelow the area where Llwe lsocluanped.

Gath Ulwa and Gplysla seem La be
seazandl. A veef Wwhich 1s harven at one
e ol wear may vivld specimens at ool lere
8ed34a05.,

Doesan e Jrstioure amd smwe nther laboratories engages 1o culturine
herbaceous fish BrTe sometimes plagurd with sea slugs Ciplysla er Stylachei-
lug) malrdplylog 1o ranks, chirivieg no fea weed ineended far the tish, If
these institutions hawe aplyslas, they are wsoally glad ra glee as many as
are wanked ra a feacher Fory class use.

Laboratooy MainLemonse.

Aplysing regnliee wall uxypenated 3alt water and are scnsitive to
molluticn, [For Aplwsia, the class tane needs a gimod, operatiog, Iiitra=
tian syatewn. Aplvsizs aeem ca live compatibly witn mos: other tark Iehahi-
Lamlss,

Far Tonel, pravide an abuamlaace of frean or frezh frozen Ulve fasclata.
See storvy about Ereab-frozen Ulva st fhe vnod ot this topic. Aplvslas will

enl Lhe plhboo—shopel Elve rerdcelaba oo they Jdo aof szem b2 thrive oe it.
Fnluss they are wery scall, sevp only eewe specimen Far ohawervatlon in the
class tank.  This (s oot only grod condervation but one large Aplyesia s

abvut all the clazs tank can suppor!, rooshleriop rhelr huge appetite tor
Ulva. However chey may go a Few days withowt Ulva and thun moke up fur 17
Latwr by caticg lacpe cudntitles.
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[nvestigations with Aplysia,
Probklem 1. APFTARANCE {in gemcrcal anly) BAMDS L, 2, 3

This i3 intended co be a (leld problem,  However 1F Fleld work s
impassilile, o e oo Dew aplysias coeld he mainradned 10 Lthe class +tank
whilie the obscrvations are made.

!Prnblemﬁ:
! What e sea slugs look Like?  Mzke a sketeh.

Waat is theiv silse, shage, coper? \

Suggested Frocedaries—ic-drict.

1. When you Tisgd o rich Aplvsia site, plan a Short Field Trip, or include
Aplysia abservatian as parl of an Extended Tield Trip (5ee Sectlon U
o Fleld Trins?,

2, Tee *ha (e, huve twe studentcs lack For Pl aokmals and obsetrve them

i thelr habitatk.

. Oring ome znimal back ra rae class Lank Zor closer ohservarion af
feeding aml veomptivn and as & model Ter skarrching,

d. Disvursy appearance, belavior, and twve olider stodents paxe noceboak
CopCres.

1. Presarar dnn.

Feep an eve ol e oaplysias whenever visicing the reel. Whem you
tind an sdrva which seems te hawve o (alre abundance ot them, take up

Eovls | essian.

Prepare the asrwlenty Joar o Short Ficld Trip ta olhaserve aplysios (uew
arctiver J oon proccéures for Zhort Flald Trips).  An alteenate idea is
co include Aplysin abservnrian as part of an Extended Zleid Trip (sec
S ion | ovn Extended Fiold Tripal.

Tell the wtwlents how gpd where ce lock for aplystlas s described In
Low Iodroductlon zheve. Show g picrure or tell anly eoough so thac
tlee srudieents knew what to Zeok for and where. The doetails sheald came
iy rar as passilile From thelr own chservat ions.,
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Flehl Acrivdty.

Logk tor aplwsing in che Ylva and in the swrd belew it. ot 8 Zow
aplyaias in a buckvt or a4 shalluvw pan nf 83 water and siL on the
beuach wirth ther. Watch them crawl, swim, and roll Inte a ball when
disturbed. 1I& there Is Liow, moke a sketch there at the beach.

Take o varefoul Tpak ar fhe general babitac in <hich (hey are found.
What kind af area is it? What ether planrs healdes Ulva are fououd
there; what kinds ot animals are there berides Aplysia? What 15 the
diepth ol rhe water ie the Aplysia terzitoey? s it vough ot calr?

Clagsroam Fallow-ap.

1t mav he passible on an Extonded Fiald Trip ce finlsh the obsceowving,
gketehing, and vele—taking af che heach.

[f abservations were nat completed at the beach, briog one Aplvsin
hack to the classtoom salt wuler ayuarium, together with a supply of
Flva Cor [owosl.  Aplyaias will nat cat spoiled Llva.  The supply will
need to he reolenished froc Lihw bearn pwary btwa or three days, of
kept bresb-{rowen.  To Tresh-freeze, place Ulwa In water in an ice
cubz trey and place in the trecsec seotiow nf the refrigerator.  besd
ane cube per day lota rhe cand,

Studencs wight rake their core oaking close pbservarians at the class
tank 1o between deing thoelec elher lessona aver a iew days 1lms.

IMar~ugs{ian 2nd Repocts.

ATtar an apprepriate lengts ab time $penr an general observation, Jdraw
Lhlogs ta o cencleslen aml have the students compleie thair notebook
reporta on Problem 1. Here gt sore guesrioes which miphe help withk
Ll

—whar does 1 fea alup remind wouo of* (jella?  Fresh-peeled Litch(?
garden gnail’}

—What shape Iy a sea slug?  What different shapes dees 16 taze as
it crawls, reats, swims, =lveps, aml hildes?

—-Huw s v chink ic can chenge itsel® inta so aaay Jifferant shapes?
(ko skeletal steuctures)d  How does it Fald its "side Slups'?

-How big is an Apivsia?  How many centiccters lang, wlde, and thick?
Should we megsure it woen i s rasring in a ball ot when il s
sirvirhad pue?  Hew cam we get inta the tank Lo wmaasuare?  Ts it all
cipht to take it cut of the fank?  (wary hrieflwy, ves)

=Bince the shape is so variahle, can wou thins ob a way Lo medsure by
same ather means? How about weignt?

-What color L[5 an Aplysla {oall attention to spots, shad Inps, and
Lraosiucenca).
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—ApLysiay are aemecimes czlled sea hares- Whar is oa hare? Can you
aap Any rehbic cars on L Apteaia?

—-Gan wou spell Aplyula?  Hea s3ug?  Sea hate? Mollusx?

-0id wen Tlml any aplvsia vgp oasses ol tached to toe Clwatd [Thye wges
are am wti-wkIile tacele of Tapazhetci” attachesl 1o the lmase of Dlwa
st , 1a tke class tack, to o rock oroaquarieo glass. )

Prohilem 1 ahevs was aioed ot grneral fxzed, petting-to-krow-rou obserea-
Licns tor students af al? HARKD lewvals,

The Lol vwing proslems ars for wpper vlenertary or BAND 3 scudents who
e alramady haud gome expericooe with Dobavarory cechmiques, data analysin,
and teport wriling.  The soaliler. questions ace wordled jguite specifically so
that studeccs mey oo abwead and plasn Lest lap procadures themselvas wich
wirniral help Trom rhe teacher.  Some hinls or icfarmatlon are given in
paranthazas for tcachec wse unly Tov gulding che studvnts.

el

Proolem 7.0 WnWREYH LAl

i . - . .
' |
I'elal ems s

Cacoaplyvsias ser? oo fhey howe eces? WIT1 they turn Loward or ,
away lrom a narrew heas ol Jight¥  Are they meactiog to the bright—
ness or to che warreith al Lhe liph:?  Hew can you bell? Test par ;

vueg iden

. var oaplvsias seerll? WLTD fhey reaclt 4o the prefsence 1o the water
af Gilfarear Fish adoers? WwWill they rescr bo the prascnce Iu Fhe
vaber of Guaice speeessd From Jlwa, ewven 4 oo Pleas leaves cen oo
seca?  (see Probler 4 below T

AT aplvsias sensllive o rowch? Are all parts of the hady Aensi-
riwa® Are some soots maro sensil lve chan cthers?  (Bhlnophares

ATV WITY el fue )

M7 oyan amnny o aplyaiz wery muck, whm daes 1F da, Ef anything?
(¥ay apew liquid; sav inteadoerinn.)

SFrobler 3, MOVEMERT AR EEVTROSMESTAL "OOILEHRAMEE Eand 3

|
s Prohlans:

o oapivsaias swim® (Thew e in orhe arean, leze ofeen Do tanksl)

Aow G aplwsids craws ! llow MAc can they craw: in Inches or

' conbimeLers per o mdcate?

(rons'd on nuxt paged
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Pral:lems:  (cack"d)

Hew acd where do apivesias pest? 20 Fney specd Mol o Lowdir £ime
Tesling, swimnlnp, v csawling? [(They stoen Sucy “hewselees in
fand. ]

Are aplysias merr active of night or in the daytimed  Hew ococld
v rhack without conding to schoul ul nighr Ao al=@erve?

what does an Aplysiz do when you Lake 1 put ol the wazor and
place QL o s wer sovfaee? an & der surtacued

what dows an Aplysia :he if yau change the watero Le bes e salzw?
leas =alcy?

What deoes an Aplwsia do il vuu make Fl2 Fank wazer slight Iy warsier T
Al1x0aTy cowler?  Eow wzrm or coal cur won el e the wacer betorwe

the aplvsia shews signs of Jdiscocfore?  When L dovs g slgns of
=Trwas what aheuld vou do! (Returs cendin lond gracually to oozmal

rablic 4. FOMANY AR DRI, haD

Frob lea=s:

Aplealas ear sed serfcdce, olva fascluala,  Slew oo riey eat It? Lo
]

Ehey hawve teecth? Do Lhey chue?
Given 3 choise betwesn dollerenn wariebics of dlva, whirk does an
Apleaia prefer to eac, or does Do osrem foocisl inpuishkt

iven A choice bBeswesn V1wa and e Tepes P s8a oed, whica thmes
Aeopreler, if ary? (e praterence is ter Liva Lasrciatal )

19 e Blea 15 provided aad ocher Lypes ol oseo weed ove, will
aplvelas vat the atber ses werln? 10 20, which kinds? Juamaliy oot

Aptysian owhich aes mer heen Fed far a couple al ooy ISRV O
tme weekend] often bary themselves Lo rie sand In che bateos TR EIL
tanle.  Puat sewme lea Inoche cani of scme buneoy anlysias baried down
1o the sand znd suvv Dow Lang i Faves raem G Elscovor Tlat Lhare ta
Foazd An rhie rank.  (TF Eney zre hucgry blee seaefien im dmmadiace. )

17w pur sely a4 wery small picoe ol e wo the rans wheee Danery
aplvsios are horbeed Toorae saml, will they come afLer 0?0 (vasd

T2 wou put erly SHea joler A5 M bank whore bangry L RETR T :
Lurded, can vyou fet & rezction?  {wesd !

r
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ceal:Tem 3, METARILIC EFFLCIENLY IR RLTLDZHG PROVIFLASH BAND

aplvsias wwe excellent schijects for thiy precklem.  Thew thrlve o ans
taud, 1lwa. Uiva vos e weighed aod =il be eotirely Ingesced by the
_.1||;.]}r5j_;wi1r-_.-_-.||| Tags trom ste—s amd 3ide prodners.  The Aplysia hody 15 a
qure ol almoss pure proetaplasm sa Lhal hedy weight golo ds wvery nearly the
aama a5 colal sels 2ratoplasecice weight gain,  The equativo then lessmes:

£ praes of Ulwa ocan be turned inta ¥ opracs of fiplwsie.
or, in genrcs. terms,

§ oprums of (el van bBe tuesesl Into X ogroms of protaplssm,

At tlomal pluses Tav aplysias as lakborvatory anlma~s far chis preblem are
that They are zasy o feed, ezsy ta care v, easy Lo welgh, cake up Little

-

liharacary spacr, and gtow pawidly

Pl e

i e faes Ulva does te take ta iswerease —he body welght 2f an Aplysin
! by 4 miven onma2t ot P o T
|

KA AGED Eel PEOCCENTeS.

Cer the studeers poodo oas cuoen of The planning os pessible. Tw: rdght
help alomy with rhe tolivwing snpp=stions:

—Gepin with small (yeampt aplysias wo Lher growth wilt e more rapid
awmel maticvaz|e.

Fut iy Aplysia i o separace buee reellon |ae) so Lhat Faad intake
and wiright wale cae be comoared For cach amfwal o

Apivalon weed Fresh, clesn noa water., ol oalsuc an dccl pf rlaan sand
im the horzsem =F acn eallme rans and Iesert oan ait stoowe 121 the tank. Eveern
Lazcer ig o =srall, virealar subsand §21eer in eash gallon far covered by at

H]
Livaps o inn Lt 2t s

—Teet bEruesl ooar Tepsn LToEer 1w eLvaT s -_'IEI:-\." HIT '-hl?'.'i.g.l'l Ehe dcaurit [
inta each cans soarefolly,

—read as mueh sen latbooe every oy as each Aplysla will eat withont
any helop left awes. “lils perrits kewplop trzeck of how many crams
ave ecatvrn, 17 any is Lebr oo the end ot Lhe oy, Flsh ib vut il

woeigh 110 Wy woelgh 10 (80 vow will Rmow now much was acFually

-

ELCUVR, )

Take cech Aplysia from the tark ac about tlee sowe her each cay, zu11
Te oM arross a dry saper Tawel to Tendwe cxeess water, weigh I gquickly,
then renori it Immediol R 22 Los own [Oni ST JAT.



158 Bawnll Mirure Stucy Proiool
oot and Shersa

Maky ap a dula Sheet with three columns, ome calumn for Ene date, e
Coe hupw wany grams of Ulva ted on thay date, and one for daily welght of
the Aplysia. @1 =tudemts lawve Sroubhle coming up with a Plank cata sheet,
here s ree which could be uzed.

TAHLE 7. WETOET oF ULYA CORSLMED VERSLS BODY WDIGHT OF APMLYRTAS

aplyato il Aplvela &7 Adlwsia #3 i
: : .- - : -
o] Facew|Bedy WeichtiFood Eateni Bady welgln Facd Eaten|Body Wedsho!

Tatei [(grams) [ETims) fprans ) LREamE) [k sy farans] - ero

After apout Ewe woess, oatcualale how minye grams ab oseo Telraze 1o took
Lo poeduee how many xrams af Aaplysia,

Jigcugygion and deparl.

Make a gruph ol e dota wich one line showing groms of food anc woe
: - ER) s i s
Tine showing grams o Aplwsia,

—-Did the aplysias grow an even Goount eack day,  hd they graw faster
whemt Lhiy wore youacer?  Woen they were older?

—whar was tha fEIpoTEich bBetween prazms of Zocd eaten and prams of
buody weiphkl paluml?

-Did they stap eatineg or stop wrowlng at any tiee?  DId any aplysiss
dles dn the process?  Could vou determine e canse of death?

T ¥ou chink aain ot weight {I.e. fwrndng food inta prulaplase]
applivg 1o ather animala as it dees to a2l vy las?

—lx yan tldak Fhe food yoau eat produced welghr gailn in yoorsell In
about the zame propart bon as Ao did in Aolysia?  llew seeld you find
anr?

-¥ow thac wour experimeni is [Lndshie], whao are wou going i do wizh
vour auleslas?
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E'!.EJ'.I_-:'l_r'_r__:l_l'l._ _J"ﬂ]_]_f_.‘:_‘.l_:l Envasl Lpal Dins by o Prelimingry F1la1 CRass.

Anlwsia Fraliles % was fried =1cth a2 gmall groop of scudenks at che
Lubaralory 3ckool. Enowineg that she work they swoere doing was o pro-test
al materials ro e wricien (Tor teachears, twa boys in the slaoss agshed o
take “he tesis one stop further. Said thev, "We think the teachers are
Earing to pet tilved of galdop o the beach a0 alten Lo collecse fresh Dlwva far
iase hwogry aplysiss.  Woe get tired of doiog it.  We would like ta do some
tezta uaing Trozen dlwa."

Wnile the 1rest of the <lasz went an ta ocher new experiments, these
Twin yiimipsbecs poeseverned oo Lheit own through taree weeks of testlng thelre
deas,  They gathered fresh Uiwa and fraze it dn che seccions of dce cuhe
Pravs.  Beme aplwsias sece fod only tresh Ulwva, others only frozen Ulva,
‘theo they switched diefz. They aiso tried fresh and frozen Ulva at che
Aeme- ime In Lo sanoe tank.

The vxeellent duata these ewo bovs generated showed olear evldence Laat
trezen Olwva ithawed in che zank] zeems equally acceptable and equally
cairilivus Lo Anlvsia as dlva gathered tresin daily from the sea. Their
work 15 a4 real coniribaticon tu this Teacher's Goide sloce, as the boys were
liEsL &L susgest, it pernoits handy storage of a couple of weexa of fresh
Fond supply.

Pads s oalae oo exarpla cf hpw studeats can become Spvalwed and capry
rhrougk o ginaitizact cxperiment of their own deviaing.

-

KElerenean.

Nerbwerr Fringe and Carl Friege have desrribed feediog and aensory
responscs 2 Aplysic juliana, giving further ineEights and ideas to those
sugpeaTeld I rhols rapde. Thele poaper s pobklished tn o the April 1960% fs50e
Biolugical Jullietin, Vel, 176, #2, 211-217, avallsble at the DPoivecsity
Hawaii tlbrary,

Sca Harv Srawn by Jason in Crade L. May, 1973,
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3. SEA ANEMONES

Tntroduction.

Thred class divialona of Phylum toelenterata are the Hydrowoa fuch as
Fyesh water hydra, many mocking anlonial bydroids. amd Fortuguese Man-o—wart,
the Scyphwozea wr jellyfishes, and the Aothosoa which include sea anefones
and musl al the cavals,

{oelenterates are geoerallv solr-hrdied marine anlmals with bollosw
hody cavities {the coelenteron). Thelr tentacles are embedded with sring-
lug ¢ells armed with nematovysts which are discharged lorn prey.

Lnwastlgat{ons on gca anemenss, especially the common Species,
Aptaigia, easily EFound in shallow waters, make an excellent introducr Llan Ea
the study nf Tiwving corals which are difficolt for ciemenlary students o
ahtain.

BAMD 1 primary childeen can do the suggested cohservatians on gncmyres
sath in tidal panls and cless tanks. The prallem stateoents contain macy
challenges for the older Bakbs 2 and 3 scodents.  The laat three preblems
take the sklest studencs inte a consideral len of tolerance tange and
hehavinrel studivs,

.I".|1|:-Ee.'!'r‘:|:‘|-:':E.

Yea anemones aro boaut ifal aml
aracatul sea inhablranra. As the group’s
comman pame, anemone, fmplivs, Lhede
strange and intuaresring creatures 3t
Tirac glance vegembic plantys mara than
animaZs,  Thelr hase (pedal disc) is
ugually attached La o soriace. A
thick stale (eolumn] suprorts o o
reglan (oral dise? iLhat bas tentzacles
vnclrellug o muscalar moeth.  The
centacles may v ceiracied Iace che
aral dlse which then contracts Do
raking che anemone ipta o vouaml, hutborn
zhapi.

MOUTH

(ceabter nale)d

ENTACLES

CRAL DISC

[2round maul )

DLUMN

PEDAL L18< OR
BEASAL [H]15C

Sea uneoomes car he many diff{fecent colars or cclorless, humpy or
smoath-zkinned, amall fless thaa % inch) or rather larpe (12 dnches Luegl.
Their column may hwe fres of debris, or ray howe pleces of sheil ar =and
Flusd ra the skic on suriace bomps.
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Hab et .

Many Aea anemones live within Lhe Intertidal zome and ace acvessible
to atudent groups. Anemones cen be found Ln tide poenls, attached to the
tap or bottom of rocks, on deck pilinga, on oyster shells, plants, and even
other anlmals {&.g. hermit crabs}, ot almest completely burded in gand.

If anemomes are in an exposed localtivn during low tilde, they are
usually ac leaat parelally “closed op' (i.e. the tentacles are pulled into
the oral disc and rhe bady ia ceontracted). When rcloesed they resemble shiny
bumps af jella on the rocks. The aremones will open up sgaln at che next
kigh tide, or in &an arfuarlom.

Lollecging.

Sea anemnnes attached to plants, oyster ahells, and emall tocks can be
btowgnt still attached te thelr auhdatraces te the class aquarivm in 8
bucket wlth sea water juat covering them. “his will probsbly bé Lhe most
gurressful collecting technigue.

ilcher anemones, attacherd ©n large rocks or dock pélings may be col-
lected by gently 1ifeing the basal dlsc wlth one's fingers or a O-tlp.
Lutng @ knife, even a table knife, could easily damage these soft-bodied

acicals.

Aquarium Maintcnance.

For shork term, clase abzervation, sea anwmenss can he kept io a gal-
len jar wlth full-atrength gea water aml good deration.  For malnienance
awer a longer pericd, pluce them Iin an aguarium, See Secrion 1 on Aquaria.
Tpod amed Tepding technigues ace 1mcluded in Problem 2 below,

Anemones usually contain symhicble algae withfn thelr bodies contri-
buting to thelr healeh and well-being. Flace che aguariue where it will
recelwve at lesat six hours of daylipghe, hut net dicvct semlight, each day.
A lamp placed nearby shanld work, teo, {1 Lt ls nwr so clase &8s to warm ihe
WLET .

Signs »f a damaged or ill sea soemome:!  {1) stomach proturdtog from
mouth, srdfor €Y ripped, hruised pedal disc which may balloon out. (Hote:
afrer an anemans 1a cellecred, vvwen ay carefully as poseible, its pedal
dier may ballopn out for o while hefore it re-attaches in the class
aquarlom. Also a very few species of sea anemone sometimes move Ly intlat-
irg and Eloating atourd, or forming an air bubble under the pedal disc.:

It the vlass notices probleos wilh rhe anemone {(or any ether animal}, it
sy e decided that the uoimal has not adapted te the artificdal werld ot
an aruarlue and it needs to be recrorned te its natural habitar.
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MProhlem 1.  UIELD QBREEVATIMMNG Bawnz 1, 4, 2

Field observariona of sca anemones may be one lrem on the agenda of o
peneral Field erip. Field ohaervatlons are generally gross bub they glve
the studenes a "Feel™ for Lhe aacursl nebkitat of the animal.

iPrnhlem:

| Choerwre sva anekones in their habkieat.

Sugpestrd Frocedures.

IT a vrich sea anemone scctee 15 Lacated wiridn easy driving distamce
af the school, a Shart Field Trip (ses Section 13 could be plaoned for the
exproes pubpase af obacrving amd collacting ancemoneos.

When alamning an Extended Flzld Frip, check te see 1f the place to be
viaited has apemenes. ©F s, include preparation Eor observimg and collect-
fng anemones |n the work agenda for rhe Fstended Fleld Trin.

celect and "trenslate' whichever gueations and sweggeations below seem
[~ gult the prade lewel and abilicy ot Lhe class. The guest lomy can he gomne
aver with rhe olass before goivg on the field trip, or @ general propara-
clon about anemoanes can be mace and the deradled quescians saved Tavr dis-
cussine an site.  (lpzormat hom in pavectheses 1s for the tvacher's wse only, )

-Whetra do vou [Lnd =en anemones?” (usaally afrached Lo a haed =ali-
straty coverm] with water, pesslbly axposed at low tirdes)

—Aaes each a2a anemony 1iwe alone or do ancemenes 1dwe 1o proups?
(bhath, =ut wswally in ciusterz in Tidal areas)
H] .

“What duas a sea soerende Teok 1ike?  What velar is 1?7 What shape?
How big are anexanes?

—1here are many kiods of sea anemonvs, Ace rhere different kleds in
thiz arca? w®rat differences do won fiwl 1 =ize, shupe, calor, soft-
nisE, A@re’

—Feel a =ca anecmane.  [Members at thls phylom are equipped with sting-
ing vvlls in the tentacles but scodents are net 1lkely to come in
eonbact with these in renchicg the olased asemones,  Even i Chey dlo,
anemone sLluglng cells are oot 1lkely to pierce ibe hearan skin, Shoeul::
s pematoaryst happen bo penrclrate a finger, the st lng will be haril by
neticeable,  Ocher members of ihe phylum have more tewdc nemacocrsiz
sneh as Portoegucse Man-n-war. )

—llere are npames of parca of a sca aowrene. Leok for parls which might
matvh these names:  TERTAULLEG, MOUTH, COLOME, ORAL DTSC, PEDAL DISC
fPedal means foor: alse called Basal Diac.)

—What dass 8 sea anemone co whent you toush 87 {(rernllsl
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-%pme fea anemones have sand or bits of shell stuck fo thelr aalumns.
If any of vour amrmenes have, can you carefully reoove these pieccs!
Ilw £ightly are they stuck on?

-whac else lives in the immedlate atea of the aea anemone?
=what kInds of thiogs are the mea anemones attached te?
-How deep is the water in which vour anemcnes ate 1iving? Are they

ever evxpased ta 1he ale?

When it ie time Lt Leawe the beach and rvetwrn to school, carefully
select a fow anemones to Wring hack to the classroom tank for closer chuer-
vaclen. [(See Introduction to this tapic far methads aof eollecting sea
AREDOOES .« )

BAKD L childres rmomplete thelr work when they obscrve and discuss
whac thev have seen. BANDS 2 and 3 students can be expected to make note-
book reports with dlagrams.

Probhlem 2. CLARAROOM ODESERVATIONS RaMDS 1, 2, 3

Froblems:
How do sea aoemomes hehave in a2 clesssroom tanlhk?

How dld sea anemones geb their name?

—_— s — - -

Supgedted Froacedures.

Flace a few sea anemones in vach of several gallon fara with asration
and distribute the jacs Lo lifferent locstions in the classrwom whers Sta-
dents can glance at them Erom Lime Lu [lme hetween doing their cther les-
s0ns, Anubher way is £a let the students take turns s[iiing aear the
agquarium where the anemones ace. whoever has the seat by the sguarium has
the cesponsthllity af lagging data on changea in the anemones | ghapes and
behavicr together with a note aof the time.

lass tank ov pallon jar observalions made aver a few dayz' time can
be discusscd during a scienre class period.

I[f the class had oo ppperounley to ohaerve gea anemoncs Lo Lheire
nat ural halidrat in the field, some of the gquest lans 1daced above in Problewm
1 need to be taken [n class, especially the polnts abeout the kEuds af
anemoned and names of body parcts.

Stwlents who ohgerved sca anemongs In the fleld cam wove directly into
the quustives boelew, selected and adpated to appropriate grade lewal.
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-What docs a sea anemone lank 1ike In the aquariom compared ka whet 1t
looked Iike when you found It at the beach? I8 an aguarium 1ike o
high tide?¥ Can vou make o low tide In yoor agquarium?  What does a
rhange 1n £idde do to the anemone?

—Jomy B0 anemones @oeve From place to place.  Has yours mowved? Daoes
it hawve feet? Can vou wmeasure bow fast it woves?  Can JL move ap bhe
vertical sEdes of the aquarium?  Can it Aawim?  (Resides glidinp, an
anemane may alse somersault, torm an ale bubblé wodee its pedal diac
and wewe when the bublbile hreaks, Tloat upalde-down an the wabter sur-
face, climb uainpg adhesive bumps on its voluom, or swim wirh it
tentaclea. One source sdays thal an anemane can move a 1itele oore
than .5 ipches per hour. Another says 8t most 8-10 cm per bour,
notlng that an anemons usvally moves anly when distoarkbed. 1t paw
remain in one spat & long kime.) One way of checking anvmom: mive—
menl Fs ra mark 1her locat lom of rhe pedal disc on the sguarium with a
arease pencill.

-Wnat different shapes docvs your sea anemone change {faelf Into? Make
skl e Tz,

—llow many tertacles doga youtr s2a anemone have? Dre they all hawe the
sace numaer of tentacles? Are the tentacles ol] 1he game Tength and
shape?  How does an anamane wse 1be tentacles?

-Look up the word anemone in the dictiondcy oo rocyclopeddia. What 15
un angmore?  (delicrace, spring, woodland flower} Do you think sea
arencne ls an approprigte namye far your aalmal?  Lac yoo think of a
nam wou wanld praler?

Prohleo 1. MORE CLASSEOOM OQASFRVATIOME BakDs 2, 1

Frohlemns:
= oA SEA S J i E
1= a sea anemans arc animal or a plant?

How can you Eell?

S Ead Procedope::.

Students can o deswn cur Fo oswggest JlIfferent te=ta hy which to dis-
caver whether A sez apemcne is a plant or apimal. They alghe think of s
zensitivity o touch, rcevproductive methods, Tood regqulrementa, manner aof
eating. If *the students have already been tald caclierc that Lthe sea anemone
[s an animal, they cor 5117 carry cuc warious teats to “prove’ the point.

The geustions buelow can ba adapfed as needed to prod student ideacs
urlag o Tag.

—[f & sea anemone i an animal, is it l1ike any pet anlmalz sow hawe ar
heme? How ar hew ner? '
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—IT a sen anemone is @ plant, bow L LL Llike ot difteresd Feom plaogs

vou bave growing in ovoee var:l st hame?

—Lan wou Lhink nf 3 way Co bzAt Ree anemeavs to o s=ev i chey aee anl-
mzly or olants?

-Whatl 15 e made ddfference hetwaen plants and animals whicl 1w ooy
to test for?

TF ztudents recommend Lecorme o oo g crdrerdon of animal behsvior,
obgervat fons oo coscore e made ip the last problem cao be recalled.

Brpailivily van e tesred hy noting reactions to Louch to differaens
pivts of zhe hody, rvacticas Lo Light, ro Femperature changes. These Zatier
Lests will b elaborated wpon in later probklems in this Loepic.

Usuallr stwgert st lag for animality comes down to louoklng at ool
recuivementa and food, 2 very goed critecior, by 1he way. For tests on
food and teeding the vlass perhaps could ude amalZ oits ot chopped (s,
Tumchean mear e rabmed degfeod as the anpemoene’s Toead.  In Eheir natural
hahita: anemomes cat olmosl anythilag, theaph seme prefer living Lo dead
matvciat. S catel small planktonic apimals or [ish; arbers eat lavger
henthic animala. Somye kinds of uanerorss wmay inlclally inpest oven ioerl
tbhjeris, wher really hungry, bub will szoa geoeept real Faml An preference
tn may Ffileter paper. A Large anemme at the Laboratory School ate an cullre
MNeanch Mry soe Jday? A Flavor tost may be diewised by scaklag Fllter paper
in tish juive. meal juiee, orher |uices, and secing which ls more resdidy
arceptad Hy an anencne.

Place the food psar the ancrocye, or dlrec:ly oc itz oouth, perhaps
using tarceps ar clepsricks. The anemone may use teolaclrs or oilia {seall
Talrsl oo move the tood into itg meath.  The wanrh may even treach out ta
eras ths Eoad!

The rhin-walled, comzon scd dnempnd:
often cultivated in aguarla arve che easicsc
spectes on whilch Bo oheerve Soeding reae-
ticne since their bedivs are franslucenc
gl the Meed can ke seen Inside the animal.

EEIEISI#
Basis 2 oanel 3 ostuderes could keep
Jdata oo how muach and bow ol Lea Lo Tee] an
anemane.  The sodeatdific l1Zteratosc BAVWE 0
Anemone 18 ready to cat when i1 o ls Inotie
cxpanded condil Zern. AY1er bEaking a certaic
Acunt of food, an anemans may apprarc
satiadird: i1 (enrarles resoond sZowiv,
thenr nct at all to its lood. -

Upzer lewel studenis car be #xpescfad Fo repart daca, discussion and
come Lus lems 2o nalahanks.  See PREOGEAM MAKCAL on repetting sivles,
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“roblem &. GROWTH O0F A SFA ANEMONE RAWDS 1, 2, &
Frabloms:
is the =ea ancmone bigger now chan when you tirst colJecred e?
: Has i1 strerched bigper ot has it prown Ligger? Is it langer?
| s ic facter, or wider? ;
1
. . |
l IT weoo Ehink it dis reealiv growing, can wou think wf o way Fo i
migsare hew rne® 10 is growing? '
IT an anemone establizhes L1sell in the class aquaelum, and i being
ted at regular Inmiervals, 1E may begin to slow nocicesble prowth, pact icu=
larly if it was a smull specimen when collecied. D0 the students ootice

that Lhe anemane sesms bo be getting bipger, chey may icltiate a growth
scidw.  Students who have had wmare ewperience wilh Sceiencific proceduarcs
mar have already measured Lihwe anemone when it was callected.

Sugpesrel Procedures.

The students may want ta Lake rurng making 2 length (ond passihlsy =ome
diametvr —— oral ar pedal diac) measutement every day.  Daily measarementis
wight he hetter than weekly anes beraose snall errers can Lien he averaged

O0IE
[1 wonld e hest iif the megsucing were done when the anemone Ly 1a a
rataxed, expended ztate, prler co belnog Ecd.

BAKDS 2 and 3 coauld e encourzged to recard this foformation in a bar
graph Mermc (Hee PIOERAM MAKUAL oo draphing Techmiques.)

HAMDS 2 and 3 may wanl it tneestigate thye telwoliomships, keeplng data,
betwern thye arpant of food Ted the anemere aod the resulbiong increase o

Tenpth andfor glrth.

Probles o REFEODOCCTTON OF SEA ANEMUINES Gakns 1, 2, 3

Fralilam:

qow du pew LiLtle wsen anemones apprar dnd prow!

Whether ar sl this probhlem can ke odone depends on how much Veoopero-
Flen™ s piven by the sea anemomes. 17 they refuse to reprodoce in the
class tank, this wctleilcy will have to be skipped.

Thee fullowlag reacher hackground Inlarmarine can seeve as a pulde Tar
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directing srudent obeervation and measurements whenever opportunitclee do
OCCUT .

Teacher Bacsﬁrnund Informatian.

Anemones may sometimes wunderge sexual reproduction,  Eggps, or speruw,
are formed Inside the animal’s body and are ejected through the mouth,
fertilizaclen taking place 1w the sea water., The ferrilized egg grows into
a2 microgcopic juwenile stage having a halry, oval form, Buk a detalled
atudy of thia microscoplec procesa 18 nob within the reach of most clasa-
rooma. However, the release of a "cloud" of eggs or sperm, may happen in
the aquarium.

Anemonea more often show various methods of agexual reprodoction. The
students may notice a small bump protruding from the side of an anemone.
tver a period of time, thiz bump will grow ipta &4 new anemene, compleéte
with tentaclea, and will detach 1tself from ita "mather™.

dnother method iz for a sea anemone to divide itzelf in half along 1ta
length. The oral disv gradually comstricts in the wlddle, finelly pinching
off to form two “hemds'. Owver perhaps geveral days, each head pulls away
from the other, cauvalng the division to appreoach the pedal disc, until
finally there are two snemanes where there was only one hefore!

The third and most common method of asexual reproduction 18 a conditieon
where a part of the pedal dige 1a Titerally left behind while the anemone
glldes over a surface. Ewen 1f it is an extremely small plece, 1t wi]l
RToW Inte & complete anemone, Often Chere 18 a trall of several licele
anetrenes marking the path the "mother™ took!

ENVIROMMENTAL TOLERAMCES (EBAMD 3)

Introduction and Rackgraund.

Cne guestion a blolopgist trles to angwer aboub a living thing 13: 1o
vhat kind of envircnment does this organism liveT

By #tudving the living thing in relation to ite surroundinga, the
biclogist finds out that the organism can "stand"” cercaln temperatures or
palinities pr association with certain other plents or apimals, and that it
"vammot stand™ othérs. The conditions [n which the crganlem can eurviwe
constitutes its tolerance range.

The tolerance range of an crgenism helps to explain ite gecgraphic
distributieon. It ElourilAbhes beat when 1tg envipanment i8 &t the optimum
polnt of all or mpst of its ranges of tolerance for tewperature, preBguTe,
molature, type of soll 1f geows 1p, condicioens of water It lives in, typue
vl food, #tc. A4s conditicns nesr the extremes of 1ts tolerance range the
orpaniam hecomea stredsed. For example, tree Ferns Flowpdiah ip coopl, rain
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foresta on the Big Island. When a atump is rrapsplanted to somecne's hot,

sunny vard in Honolula it stll] arows but slowly and smaller and eventually
it withers and Jies. The warm dry climate exceeds its fnolerance cacge for

temperatietre, malsture, and shade.

gone planis and enlmals have wide telerance VEOZCS. They can (hrive
in a broad spectrum of envirpaments, ¢.g. cockroaches.  Some plants amd
snimals have narrew tolerance ranges. They canant stand much change- An
example iz reef building eoral. Tf a reef bullding coral fInds dtself in
warer which is towo hotb or too cool by even a few degrees, e prows much
slower and may alcogecher fail to reprodure,  Corals are alew very gensi-
tive to teduced salinity,

Coral growth 1g of grear lnteresl awd dmportance oo any tropical
Parific Island. 3ut coral ere almost impomsible Tor ¢lementary chilldren [o
gtudy. They cannet be reached where rhey grow un the outer edges af the
reaf mor can bthey be surresatully maintained for study in a classroom kack.
Ewen L1f they could, their growth snd reactlon resaponses ars 80 Blow [he
rhildren would he graduaced befure algnitficant data had been callected.

A agolutlon co the [mportant study of coral liss with & study nf their
~logely related "reusins', sea anemoneés which can easily be grown and
studied in an elementary laboratory. A look at what conditions are strows-—
ful to 4 92a gnemroe can give some understanding of the rfFFect of srress on

caral polvps.

Sradying tolerance ranges and stregs 1n gencral 1a becoming increanlng=-
ly importanc Ln pullutdcn gtudies. We need 1o know how [AT we can RO in
rhanging or pollutling an envircomert before prave sirenpes ake placed ob
important organlsma In the area, including oo ourselves.

Cmly three colerance vange or stresds sityations will be copsidered on
anemonea in the nexc three prohlems: lowered temperaturs, lowered salinity,
and lignt changes. These chree spvironmental conditinns are key factors In
the growth of the anemone’s ¢lase relartives, the corvals.

Praoblem &, TRMPERATURE TOLLERANCE BAMD 3

The partigalar ged goemans used Far this stwdy {5 the common Aptaisia.
The studenta may need same dizcussion of telerancs rA0zes and envirommental
straszs hefore getting Into this problee.

ﬂngriais.

LThae (on mered geilom dape with ces wrier ond asration

_Gen omemcwer petablished in wundemdater sages (gee dhagrom Ealow)
—Fhe pome ter

-Aefrigeralos or od aubra for producivg oecled watan
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Problems:
AL what remperatures do f8a Bnemoocs live?

Mow daws & aea anemone behave or react when 1t iz exposed Lo oa
lowered cemperature?

M rhese reactions seem to indicate stresa? How do yoo know?

1s stress greater or lesa 1f the temperature 1s lowetsd suddenly
or if it is lowered gradusally?

Do Anemoncs Cecover From Btress due to lowered temperature?  How
long does it cake them either ta die or Lo reccver?

Compare the stressed anemones with vonirol anewones at amblent
temperatur:,

- - - -

Sureest el Procedures.
SupE e

o pwer the questions of Prohlem & with the Atudents and glve them
Lime ca plan how they might design an experiment to angwer the guestions.
They may neded help in understandiog and planniog lor the caontewl.  The
Ldea af ambient conditlons needs explonation.  (See 1he FROGRAM MANUAL on
Controls. [T the students ate uok well versed an contrels, stop and de
thiat hefare going on.?

Biuild scweral sea anemone undet-
WALETr cages. bFor larger anemon=s an
underwicer cage can be made by cover-—
ing a strawbepry ar & cherry-fomato
basket with coarse mesh nylon which
can be rasily seen through butb fine
poaugh to recain the anemone inaide.

cnhbeay band
mish

asket 1lnalde

Fer smaller anemuncs, wie LTans-
parent plastic cups, meking holes for
water exchange by punching a (prefer-
ably heated) small nafil through the
sides and hattom.  In cue experience
these cups, ewn «with an Anemone 1o AnEmane
them, finar with the rim at the sur- inside
[aze of the watee, thus making a
natural "rop" to prevesnt the anemung
fram escaping. ¢nce in a while when knocked, they sink, but gently bob to
the surface apain. 1f {or some reasun the cups simk In your aguarium, you
mighe try wrapplng & plece of plastic tublng seeuraly arcund the lip af the
cup, bilcking one end of the tube inside the other vod trr form a clesed
cing. This futms a little "inmer tube” around the cup and helps it Eo
Floal ar the surface. These cup-cages can be cleancd of scum by gentiy
pouring out the water and rubbing the insides and bottom with your clean
finger, avoiding the anemane.

plast L cap



180 Hawnil Wature 5tudy Frojecl
Eeef and Ehore

Thé srwlents may be able te {nvent an even better kind of underwater
sed abemcne CAgE.

Ser up two (or more) gallen jars with sea water and acrallon.  These
will be thé tesc chanbers in which temperatures wlll be waried.

Sar up another gallon jar with aseration and sea water whlch [s keptl ac
the same temperature a3 the halding tank (the ambient tvmperatured. This
1% the coocrel for purposes of compariacn.

Fsrabligh two or three anemanes in each upndetwater cage snd let them
adjuat te their cages [or a few days im the clasda sguarium.

fc may require scveral days or longer to complete the tests, allowing
time for the sea anemanes to rest in the holding tank between tests. Thre
Fime can he shortened by using moere cages and more test jars simwl baneously.

fanl the ses water in one of the test jars to be a few degrees cooler
than the seva water in the holding tank. Decide how ouch cooler the test
jar should be, for example three degrees, or five degrees.

When all iz ready, move cne cage of snemones into the cooled sen water
and ancther cage of anemones intp the conerol par.

Carelully monitor the reactivns of all the anemones, particularly how
they respond to food. Decide how long vou will collect data. When findshed,
return the sen anemanes to the huldiepg tank for & day oo recover beforu
reating spain, or continue testing with differ=ent anemones.

Decide how much [urther the experiment shonld conkinwe with decreases
of temparature.

Ddsruss the reactions of the apemones at the different temperatures.
Try to account for any wowsual behavier. A what hebavior rteactinn did you
decide that the anemone was under stress? What were the siress reacticas?
Do you think vou exceeded the amemeone's temperature tolerance range?  How
do you know? How long did it take the anemcne tu read]ust (by stages} o
normal tenk temperatwvre? How did thr centrol jar help to Incerpret the
reactions of the anemones in the fest jar? Draw a conclusaion about the
lowe rad temperature tolerance range of pea anemonesd.

Frablem 7. SALINITY T0I.RRANCE BAND 3

nlike most ancmones, the litele smodth-zkinned brovm sea anerone,
sptaisia, 18 fairly tolerant of wide ranges in salinity. It seems io be
able to liwve in semi-polluted water and brackish water. Aptaisia can be
found in theé Ala Wai Canal. Test specimens at the Walkiki Aquariom bave
been taken dowm etép by step to nearly fresh water.

The general tule in subjectlng animals to envirvnmental changes i Lo
do fr pradwally to prevent "shock" ta the animal's physiclegy. But =ince
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Aptaiala can adjust almest jimediately to salinity changes (ax when a rain
gtorm Loundates a clde pool} the tests below can praceed In fairly drastic
atepa. In Fact the change in falinity may need to be as deastic as 208 or
more [n ome step In order to precipltate stress reactiona.

Pre-requizite to this experlment ls doing the Sea Water tople given io
anochet part of Seccloan 2. UIntil the studenrs have made a hydrometer and
learned ra woderscend and measute salioiey, they cennot do thls pooblem.

Materials.
—Saa avmemowes sacobidtaked dn wmderaeter aapes o dn she above Rroblet
CStigant-vpde hypdwometery (roe the fes kiter dfevdo) or oa ocomeretdl
Apdrcme ter
“Mowy girlion jare or plazatic bag aguwirds aw desoriled i Seellon ]
wider Aguo i
-Rtamdmnd pez daier (Mrow LRe MolkdkD Aguartem or Mo affahame]
—rop wuter with weich So dilute the sfowdapd pad uater b Jdifferanl
parfansagEd ¢} RILINTLY

Froblems :
What is Ehe zalinity of natural zey water?
What 4 rthe salinity of the sea water ipn the class aquarium?
Whut §s Ele Toweat salinity which sea apemones will telerate?

What van wou conclude trem thils?

Suggested Frocedures.

Raview with the stodencs the wark done In the Ses Water topic so that
they recsll whar sea wacer is, what [ty salt onncentrations are, how Fo make
dtlutfons, and how their hydrometers wark,

Challenpe the =tudents to destgn an experiment by which rhey can ceat
the tolerance of sea anemones ta selinity levels less than Ehat of neomal
sra woler. Hemind them, if thew forger, af che need tor comirols, data
keeping, repiications. {See FROGRAM MANUAL on these topics.)

The folluvwing procedores and gquestlons provide a "fall-back™ [n the
event [hat student plane are [nadequate.

Estiablish sea anemones in underwater ceges in the helding tank, ready
for testing. Sve Problem & abowve for comsteucting such underwater cages.

Set up oy maay snall cest aquarla [gallan lars or plastic-lioed haxes)
as are neaded. Provide acratbion, keep teomperatures within 1imits of roleca-
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ticn. Use one {4t leask) container for each different salinicy Eo be
tested.

How will you make less raline sea warer? {add tap water)

fegin te move the cages of sea anewones from the holding tank into the
test contalners and pheasrve carefnlly for stress reactions.

Malntain a control of sca anemones in standatd dea water for cowmparizon.

Takwe datn. At what sallnity levels did the anemones find the water
incalerable? How could yau tell they found it fntolerable?

What conclusicns can vou make from your experiments? Would you expect
this kind of anemane to live in shallow, high tide peola? Why or why not?
Womld you expect thls kind of anemene to ]ive near the mouths of streamsY
Why ot why notr?

In several laboratory tests on Aptaisim, "stress' reactions secemed 1w
consist oft  atubby teptucles, retracted teptacles, shrunken colutbn, con-
striction of middle af column, swollen calumn, closed mouth, sending cul ol
arpntia [(orange strings slgnalling distress).

Tn the laboratory 1ests, =tress reaclloma pccurred immediately and
then the anemone adjusted to Irs narmal lecking behavior within ten minutes
tor An hour. When the tolerance range was exceaded the gltesa reactions
increased through =zeveral hours.

Fruhlem B. LIGHT TOLERANLE BAMD 2

Materlafbs.

-CThgae tank addor gallon Jor aguaedo with aes anenonsd
ek alatha or mzrdboard Lo produce dorknges
wFlynrEgaant Lo

Prahlema:
Are ges sneacnés mare active in the Tight or in the dark?
How do sea anemones teack to direct sunlight?

Tz there a lewvel of lightness or darkpness Bt which séd Anemones
begln Te he or cease to by activa?
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SuggesLedl Procedures.

See 3f che students can lpvent some ways to [est the behavior of wea
apemones at dilferent lewvels of lighimesa and darkness.

Among the things to keep in mind are:

-Give time for the animals tu react. Do mot eapect results immediately
after 8 tank ip darkened or glven exiva light.

-0 not forget rentrols, replicaticns, snd the pessible presence of
nther 1imiting factora. (5ee PROGEAM HANUAL onder these headings. )

—Civing extra Iight to a swall tank, espectlally 1F direct sualighc or
azn incandvscent Ludb 1a used, can raplidly raise tompérature, thereby
adding 1n an additional change factor. Can yml keep femperalurde:s che
game while light lewvels are sltered?

-Students might thiok of uslng a camera light meter ta measurs lEght
fntensity. Other wava af measuring mighc be to use descripcive
phrases suech as "daylight but ant direct sun', “dim light but bright
encugh ta read b, "roo dark ko read”, "piteh hlack”, and simitar

dvscrlptivas.

—Infurmarino qupplied by the reacher might include that many sea
anemones conTailn aymblatic, chlorophvll-hearing, protlsts (let them
lnok that upll, or explaln that these mlcroscenpic guest plants need
Light [n vcder to photasynthesize and praduce fovd used by the
anemone {otherwise the sotfmal itselt usvally 1s more actlve ar alghtd,

flosing discusslon of the data might §ncluwle considerativn of where
and at what duepths sea anemones oight prefer ta live in nabtwre.

BAND 3 studenta who were able to pursue one or mure nf these last
three sophisticated problems on environmental folerveances can be expected
algo to have the competence to make coedicable written nutehank reports.
See the PROGRAM HANUAL for rceparting styles.

These experiences with anemones will be useful idn studying corals in
the nuext tuple,
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10, CORALS

Altheough corals ace Lhe wost fmportant animale of the reef (they are
makers of cecf), vorals are difficult for woungaters:s to aobaerve. Liviog
corals accupy the outer margios of Lhe Hawalien reef ko where young children
cannot get. The liviog polyps are uvawally too delicate to suryive the
tlgnrs af a classroom tank. For these reasons, carals are atudied here by
comparison with Lheir "cousins' the anemones, as well 25 by simulaciom
walng play davgh and By loocking st coral skeleteons. Pilctures, dicticnaries,
encyclopedias, and the teacher’s fnsrpuctionE may necd ko be petded upon
mote in chiz topic than in dealing with animals which can be maintsined
alive and obgerved clooe-up.

The students may generale problems sabout corals which they would Iike
£ puraue. Their preferences may influence the keacher's selectlon, omis-
glon, or wodiflcatlon of the ftdeas developed here.

8ix problems on carals arve presented in this toplc:

1. The Form ol Living Caral {a combination of hard and scfE parts
ghown by play dough medelyd

2. Coral Vocabulary; @oral Bebavior and Reproduction

EW Coral Skeletons (hare they alive or dead? Of what use are they oo
a cecall)

g, Caral Grawth; Kinds of Corals

5. Chemfcal Compoaitdion of Corsl Skeletons (application of the
vinegar test learned in the ffa shell lesson)

Fr. Caral Hesds (their mass, volume, deasity)

7. Caral Reefs (thelr tvypes and distelbaciona}

Fralklem 1. THE FOEM OF LIVING COFAL BaNDs 1, 2, 3

In 1lieu of observing 1live corals, thls acciviecy givea the students o
tactile caperience of whar coral pelyps may be like based on cheilr previous
khowledpe af snemones. The Bacxground Infurmatint following the Suggesbed
Frocedures will help 1o gulding the actiwvity.

Materials.
'L - RN . o P W 1 3. n=771 ! -
=iy e play deugh, Fee rectpes RO LAs Sed SaeilA cedsom,
—Paper baktng owpe, seall adse, suckh ap those woed Jor [indeg mufiin
rine, or Fluted paper condy oups

-Mepares s ooral gndfor oomil akelrisong
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Activicy:
Fiddle: What is smit—bodied but stone=hard?
Make @ sea anemone from play dough.

PulL the anemone in 3 papet «up (amall fluecd vop nged For muffins
ar candy). |

Let the apeoeons excend its tentacles to feel the outside envicon—
mEnE. .

Lhange the shape ot the anemone so that it can hide encirely
within the cup.

Fut many papetr cups, each helding iEs own anemone, next fo Ghe
another so thazt the =ides of the cups tauch.

Conmect the anémones in adjacent cups by adding strings of thin
sheets nf play dough. The connecting dough should reach from each
apemone to thoae o all =ides of 1ir.

| {The answer o tha riddle 1= the animal represented by the play
| dough 1a the paper CUPS. ) |

duggested Procedures.

Make up play dough (or have the
students du sal {a bravn, pink, and
vellow, repreEentstive of the colors
of living corals. LUse Ic to carry
rmE the suggertions given in the box
above. Differeat dcodents might us=e
different colara. Whem it is L fme
to make the "colonles' by pushing
the cups ¢lose tagether, all the
yellow anemones could ger rogether,
afc. The vesultdng uniformlv-

iz
\\\\l\mr:""g
\

7

colored and jeined-together Moaral Three interconnected play dough
calemies" are analogaus to real aoemenes Tn chelr fluted cups
carals. representing a coral velany.

You might wish to help the atudents sclve the tiddle as 1o what thelr
collecttan af anemonea in cups represcent by giving a few hinte, such as:

-The {luted edpes af the paper veps are, in real life, wery hard and
white,
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—Tn real 1ife, 1he "anemones" live Ln noean walaer, net oo desp ocean,
tui mat In tide pocls eilkher.

-The fluting around the edpea of your paper Cups rrpresent the lace—
work 1n this real specfmen, {Hold up an actuval «ctal bewd, ar pic-
ture of une, showlng the lacy polyp cavircies.)

Rackground Tnformation.

In the last teple {(Ancmemea) 1t was nob apparent ac [Lrsc whethoer o
ges anemone was a plant or an animal. In the case ob ¢cural, 2t muy he hatd
ta distingulsh it as truly a living ching. When we look at o plece ot
coral in a museus display case it seems to resemble a rrystalline gtvwth do
rhe mineral kipgdom. Worn pieces of coral along & beach make 1z think of
rocks.

an earire coral 12 a liviovg ching; §n fack, coral Is a emaln of moe
anemones. Both corala and anemones begin life a9 similar Juwenile furas
imicroscopic, many-celled, furry "planukbae"), swimming in soa water. When
the baby coral zertles on o shallow ued flopr Jo a plave where it ls aot
ran cald or dark, 1t growa into ap anemcoe-llke creature callued a "palyp.”™
& young ooral polyp takes caleium aut of the surrimnding sea water, vhemd-
cally changes Lt to limestone (calclum carbonate), deposits the 1imestomne
underneath and all around lts body, and =0 makes ltmelf o skeleton.

Ir is the limestone skelefon which most obviously distaguishes rerales
from sea enemones. It Ls the coral skeleton that we see 10 8 masunr diaplay
case:; sll the once~living saft coval polwyps are dead and pone.

gome corels are "solitary”, ot
made up of only one pulyp, for cxaeple
Fungla. 1In & living specimen the
rldges help to auppert the large,
goft—bodled polyp.

FUNGLA

a solitary caral

Mosr corals are colonlal, the original polyp oulriplies te furm a
whole colony ofF polyps by the reproductive process i Ludding ment Loned
previcusly Far anemones. Each polyp ocvcuples 1its owm kol In the large
coral akeletopn. The polyps are connected Lo ane another by o rhin film of
living riasue.
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Freblem 2. CORAL VOCABULAKY; CORAL BEHAVIOR AND RREFRODCCTION BANDS *, 3

Corals grow by means of: 1) hudding ottt new polyps from the sides of
alder polyps, and 27 sexually, by the hatching of eggs into fres Tloacing
planula«, each af whieh has the pocentlal to svitle en a suitable gurface

and hegin & new colany.

In this activiey, the studrnts can make use of the play dough anemonvs
and Fluted cups they assembled in the previcus problem. The "story' below
describes growth hehaviar of corals. The students can #ngage in the acti-
wity by adding their own comments sod by manfpulating thedr play deugh e
reproduce the described actien. A1 the =same tima, thie reacher can deElne
and uge correct terminology as 4 means of teschking vacabulazy.

yocabulary. fte be woven info the conwersabicn, os needod)

POLYF: An anemone-shaped coral animal,

FLANULA {plural = Flanulae): Tarval torm of coral polyp hatched {rom
an CEE.

CORAL SKELETON: A stone—hard, lacy cup in which a polyp ldives.

SOLLTARY CHORAL: & coral polye which lives 1o voe cup fusually a large
one] by itwscli.

COLOKIAL CORAL: Many coral polyvps ioined together.

CORAE COLONY: Same. (Have students rafer to dictlonarties.  Alma
recall the joined-together tissues and {luced cups from Froblém 1.7

CORAL HEAD: & jeined colony of corals.

CORAL FEEF: lata af coral heads |oined together, added to and rein-
forced by many wea weeds with steney skelecons called CORALLTAE
ALDGAE. Many reefs conslsl of as much or more roeralline alegae as
of coral.

Story Line. (which can be accompanied by comments and play-dough actloms
by students)

«Thie coral polyp has some tiny green plants [ALGAE] growing inside ice
bly. The plants need sunshipme in erder te grow and make Lood,
fDemomstrate by making dets in the play dough coral puelyn-} Where
ahould these corals graw? {Hear surface watera in lipht.]

—Some corals do net have green algac living in them. Whore can chey
grow? (aoywhere}

-Hers L[5 8 slope golng dewn Fcuom sea lewel b0 @ deep part of the ccean
{indirated by elantced line on bleckboatdl). wWhere shall we put che

corals?
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P ororals

SUNLIT WATEAS

_—— —

DARKE WATZEL

frEan bontoe

-1tta very low tide, %Some of the highest corals are almost at che
purface ol the warter. The sun 1s Ahlning and the water 1s getting
hok. What shall the cotvala do?  {retract to get away Erom heab, or
expand 3o thefr fncluded algal badles can get the sunk.

—-It's nighttime. Many tiny little plants and animala celled PLARKTON
are floating deep in the water near Lhe corals. What shall the coral
polypg do?  (Come cut and expand thelr tentacles ta catch 3 meal,
Corala ger Eood: a) by absorbiog whal their internal algae produce,
and b)Y by inpesting food cought from the water 1ike anemones du.}

—A 1iving coval head is growing near the surface of the water. It 1s
raining wvory haed. Wonet 1s happening to the water? (reduced galinity)
What shall the caorals du? (retrace]

-Hete comes a big hungry crown-oi-thorna atarfish. What can the coral
polyps dof  {revract...get eacend

~-What can pratect the cardls from Ehe crown—of-tharna starflsh?  (Triton
trumpet shells eat crown=of-thorns starfiah. ]

—-fere comes a planula carried by
a wave. {Hold up a emall plece
of play dough shaped 1ike a
planula.] where can this
lictle planula gu? d{Offer a
flat surface ra which it might n
attach 1itself.) FLAMTILA
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-What dve you thiok will bappen
ta this planula?t {(Manr are

caten., & few will attach to a Crass
gurface and change Inte a Ferion
small round palyp.)
-What shall the new coral polyp Flonula aettled on serfuve
do for prorecticn?  (Give it & ared grawlpg iotoe a slople
fluted paper cup simulating a poivp with beglnring skeleton,
newly Lald down akeleton.)
—-%uome planmlae grow wp fo be
6ingle, solitary corale. llke Lenghohwef s
this., {larm palyp 1eeq single Seurlon

polyp of Fungis type.

=Most planulac grow intoe a coral
COTANY . How can chey do that?
{Full 8 lump out from the alde
T fthe pulyp and form it dnto a
new polye dmirating the budding
praress . Add wmore play dough
and contlnue to bud aff mare
and more palyps. EBring in
addicional Floted cups far the
new polvps until 8 coleoy of
cups and pelyps 1s Formed.)

e baad

This atary might go on with
the students loventing ideam as to
what elze happens to corals such as Toung ol my
growing into a reef, kelng harvested of polwps
faor Jjewelry, sending out egga and
sperm to form pew planulas, petting
broken by waves and storms, tosgsed
up on beaches, cullected by children
ar gauvenir huntera, madce into paper
wielghts, ete., efc.
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Froblem 3. CORAL SKELETOKS BaMDS 2, 1

This problem coneists of ibveatipating & coral skeleton ta see 1f I
18 allwe, and finding cut of what use the skeletom is to the coral polyp.
Materials.

-A large corol skeleten in the Aaads of the tecoher and/or

-Fiersg of feanh coral

Select from, or modify the problem queations as needed according to
ptoduents’ interest or questione.

Probhlems:
Where aree the roral palyps in this specimen?
Whiuld this piece of coral be kept in sea water? Why or why aot?

Sliowld this pilece o coral he fed? Why wr why not?

(s thia coral like a rock? a snail shell? o hone? & tree trunk?
a sponge? Tn what wavs does lt resemhle any of these thinga?

In rthe play dough madel of cocal, whab representid this hard
white coral?

Cam you think of wavs this white coral belps the polyps?

Suggested Fruvedures,

In respoose to the guestlons in the problem, ihe stwdents may Suggcet
rhat the polyps arc recracted dnefde the heles of the white ceral, and Ehat
they wil]l expand like an anemone 1f the earal is put in the agusrium. They
may sugpest that Feeding it will encourage the polyps to cxpand. Test theae
ideas and warhers the students may originate.

afrer seeing that no pulyps expand out of the hwlez, even when cEfered
something to cat, the students may begln to wonder if they have anc gob
something like a rock! Having a spail shell for compariscon may help Lhem
begin to think of something lefrover afcer an animal dlvs. What do we call
this leftawer part? What 13 made owt of bones Inside of ua? A skeleroat

The students may think of many ways the coral skeleton helps the pulypd.
[f thay get stuck, try rhese hinta for two gkefetal functions:

—-Have you ever walted a long time for a bus? After a while, does 1t
Eecl goud to tean agsinst a wall? (support)
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-To help reinforce the jdea that the ridges help support a prlyp, ¥ou
may want to nse the analogy of the supparts in ao umhrells.

—Tf a fish that eats polyps §s swimming toward a coral, what can the
polyps da?  f(retreatr [or protectlon}

Froblem 4. CORAL CROWTH: KINDE OF CORAL BaNns 1, 2, 4

Corals §n Hawali are at the Horthern limic of reei building with &
reduced prowth rate amounting to as lictle as a half inch rise im helght of
the rvef per vear. A growth rvate of this degree ia not observable by elemen-—
tary children. Nevertheless students <an lnvestigaté the concept of growch
rate for coral hy analogy to rhelr owm gprowth.

ﬂi;eriala.

-Serples of aorale

wStigdent haalih resords (fo Ffimd cul etudenia’ heights jor losf pear!
-Yand Aticis

- Hulers

Prablema:

Can you find cut bow tall you were last year? How tall are you !
new? How much have wou grown in ane yesr? This 1% your growth
rate for one year, !

p caral colony grows Goo, &8s it grows older it tup grous teller.
Tte prowth race Ie from % to 2 inches each year. It dopends wpan
what kind of cerat ir 1a and how good leka envicopment is for

Erawlng.

tan yol eatimate the age of mome of the roral specimens we have i
herst

Should livlwg eorals be collecred as readily a3 ane colleots
Tlowera, fFerna, or nubs? Why, or why noE?

gpme kinda, or specles, of corals prow omly in rough warer;
athers grow caly In calm waler. Then there are some corals that
graw Ln both areas, but lock difterent. They reapund fa the
force of the waves by prowing in different wayws., These variatluns i

are called growth fourms.

What kind of a growth Farm do you thipk a coral would have 1f it
graw in Tough warer? What kind of groweh form wpuld chiz kied of
coral have If it were growing In calw water?

{an you divide the classroom corals into a "rough warer™ group
and & "calm water™ group?
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EqEEestad Procedures.

Thia lesson canld posslbly hegin by finding the sbudents' growth cure
during this past year, wsing their health records A5 a data source. Talk
ahour variatfons in rates From person to perdon Bnd {roo year teo yuear with
cerminal growth Tar humaens in the late teens.

Then the conecept of coral groweh could be introduced.  Tn the case of
corals, growth 15 hy addlpg new polyps oabte old sectinona of skeletno vather
then by our huran mode of internal expansion. A4lso, corals have no termi-
nal sge. They may keep growling for centurles until germinated by disascer
or eovirvnmencal deflciletcy or predsure.

1. Perhapa hy compariog the colleccing pf rorala s opposed to the col-
tecting of {lowers, cte. the students will sev e need Eor conserva-
tian f living cocala.

Studenrs may b able ta think of wartation in growth Farm in other
things than coral, e.g. fKees ghaped by the wind. Any other eparples”?
Do peaple acquice different groweh forms bevause of eonvironmentsal
preasures?

2. Seydents may have thedr ewn adjectives, or even “penly lamguage'', rhat
may be even more expressive, to describe coral growth Eopms

~In reaph water: thick, Eat branches; stacky, sfurdy appeardnce; some
may be globular.

—Tn calm water: thin, delicate branches; graceful, extended, "tali"
ADPEATATLE.

—-Fiat—topped roble forms ofben grow near the svy =murface.

3. After dlviding their vorals into the bwo groups, =ame studencs may be
Entereated in reyiog to flnd the names of some kInds af coral. his
may be diflffcelt in sume cages beciuese, as mentianed, growth forme can
rause one specles ta be wery changrable from place LA nlace, Howewver,
the process of looking for and tlnding some muawes lg igpstructive. Some
of the comoon names In particular are wery descriptive of Lhe cural'a
atyucture, ¢.g., 'staghorn coral" and "brain coaral "

_E_a_ﬁgtu upid Teformation.

Types of ecorals which make up the Hawslian reefs numbyer in the bun-
dredis.  The students will enjoy looking ac pletures wl acme of them in hooks
abtained |ov the librarcy-

Eegides the solitary sushroom coral, Fungla, 1llustrated in Prabler 1,
a few af the more prominent members of Hawalian recf corals are shown helow.
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,
Porites [Po=-wrlte—eer)

4 stoney coral having tiny, cleaely
crowded, pite on mageive, rounded
farmaticns,

biploria (brain coral)

Eounded headas Iindented by ssrpentine
groovas,

Foeillopora. {tree coral)

4 Finely branched atopey coral.
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Problem . CHEMICAL COMPOSITION OF £ORAL SKELETONS BANDE 2, 1

This Investigation considera the nature ofF a caral skeleton and the
spurce of the mineral materlal of which it is conetituted.

The tirat two guesbions 1o fhe bux below should fall within the abilicy
range of HAND 2 childrem. The third apd fourth gqueAtions are more difficult
and require a logiec which pechaps only the older eiementary students can
handle. The "vchemistry™ involved presupposes that the students have com—
pleted the sea ahell lesson in which they tested the effect of winegar on
calcium carbonate. Ik alec draws upon Information Tearned o Lthe lesson,

Sea Water.

Materials.

Far questions 1 and !

-Farious and aundpw shelalong op Lita of pheletons o ook oF

For the lasr guestion:

-WRite inegan

-Fine hagah pand, lowaitan type ovddor etick of blaskicard ohalk
= Baking sodz

-Fevantl glase jors of plastic cupd for mizdng liguide

[
Problems:

Ta a coral skeleton fnaide the living coral or outslde! What aboutb
vour skeleton? the snall skeleton? other skeletons?

What kinda 9F anlmials have skeletpna? Are s8ll skeletons made of
the game materisl? Can vau Find some skeletons Lo test?

Tt you think coral skeleton 1s made af che same materlal as a gea
ghell? {an you think of a way to teat your idea?

Where do yoo Lhink coral gets the material to make {ta skeleton?

Suggested Pruceduries.

lon response to guestions 1 and 2 the students may have masny fdeas
regarding kindz of anlmals which have skeletons, what skeletens are made
of, and whether they are ineide or outeide the animal.

Internal wkeletons sre possessed by vertebrates {(fish, froga, =nakea,
turtles, birde, and mammalsz, 1ocluding dogs, girafles, and us.) The excep=
tionA are shurks and reys whoee skeletons are made entirely of cartilage
such as that which pivez form to our ears. Tortles, in additico te an
internal azkeleton, have a shell which {5 a growth of the animal's backhone
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emd rib cage with a cover of llving skin. All these animals have limestpoe
as a small part of thelr benea. Probably only old, drivd bones in which
cartilage and blewl veasels have cvompletely decomposed will react to the
winrgat test.

Futernal skeletopns are possessed by arthropeds [Insecrs, crustaceans)
and many sea animala auch as dloiors, =ea urchins, Sea ghells, corals, aod
othurs., Same af these are nearly pure llmestane, such as the atoney reef
corals. Others have limestone as part of a horny-type skeleton somewhal
slmilar ta fingernsils. Black corval has a skeletan of protein material
related to the Lype which comatltuies human hair.

For questipn 3, the students will need tu recall their cest made oo
sea shells wsing vioegar. Repeating that test here by putbing vinegar on a
small plece of coral should recall the cancluslom that ceral ls made of the
same whire chalky stuff which constitutes sea shells and Hawallen beach saod
(caloiom cathooate}.

Questlon 4 an where copala get the mareriala to make chelr skeletons
gives =students semething to hypothesize about, Thev may have ideas for
tests Lhey would 1ike to carry aut ar they may wish to refer ro encyclo-
pediaa. You may wlsh o perform the [allewing demonscrabion.

Demonstraticn of how corale may be ahle to gpl salild white calclom
carbonate from clear sca watetr. The rationale for the demenstration gaes
aomething Like rhiz:

Pruwvlous ceats {gea shell lesacn) have shewn that sea shells, black-
baard chalk, Hawaiian beach =mand, and cocal skeletons flzz [n winegar,
indicating that 211 of these objects arve probably made of the same [¥pe nf
chemical material {calvlum carbonate).

foral planulac, whish are nearly teansparent, land oa a surface in
nearly transparent sea water and gradually build themselves a skelewvn af
depse aoldd white stuff (valcium carbeonate). Where do these clear trane-
parent corals living in clear water gec the solid whire atuff fer thetr
skeletons, and get it in suffledept gquantlty ra buoild entlzre reefs? It
agems that they must get 1t cot of the clear =es water. Io the lesson on
spa waker we noted that the cceans contaln many minersl salts. Assuming
that seg water centalns the raw materials out of which ralociom carbomate can
bee martle, cen the corals get the calcium carbonate ocut ot Lhe water?

We are not going o imitate here the same procvess by which cotrnla ean
ot might extract ¢alcium carbonate from gea wakber. What wer Wwill demonstrale
iz thar materials for making calcium catbonate con éxisr as clear llquid
From which solld white atuff cap he extracted.
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Procedurgs—in-Briel.

1. Mix ome cup white vinegar with either two tesspouns fine white Hawgilan
heach sand ot with one atick of blackboard chalk. Let flze fovr cne or
two hours. Dwecant and save the clear liguid.

2. la anocther conbainer, miz one cup tap water with geveral Ceaspoons bak-
ing spda. Stir from time to time for about 19 or 15 milnutes. Let
pettle wotil ligquld is clear. Decant and eave the clear 1iquid.

3. Comhime the Lwo elear liguida. Hote che white ciouding which will
gradually precipitale.

4. Dty the precipitate Ly evaporatiaon or low oven heat.

5. Test the white precipitate with vinegar to show whether or not i 1ia
calcium carhanate.

Pruuedurgs-in—ﬂutailr

L. Mix cne cup white vinegar with s few teaspoons fine Hawaiizn beach sand
or with one piece of blackboard chalk. Vety fine sand and chalk pee—
aent much reacting surface area te the vinegar snlucion. Sufficient
reactian occure Ln ome or two houra to put sufficient caleium ions inta
golution. Treparation of thie solurion could be done on o previous
day, if deaired.

Four oEf and save the clear liquid. The dregs of sand or chalk may be
diacarded.

This lingld represents the clear-louvkiog sea which, 1ike this <lear
liguid, contains koog which can be reconatiruted inte white calciuom
carbonate.

2. In anather contailner, mix une cup tap waber and soveral teaspovas bal-
ing soda, Stir from time to time {or 10 to 15 minutes. Let aetkle,
Pour of f and save the clear 1iugid which 14 2 golurian of sodlum hicar=
bhomare.

3. Combine the two clear ligquids,. Thiz mixing process represents the
coral polyp coming im centactk with and reactling with sea water.

If the mixture does not hecome cloudy, add oore sodiuem blcarbonate
gnluticn untfl 1t does. Let atand untfl the white precilpitate aektlea.

The white precipitate resting at the battom of the clear ilquid repre-
seprs the white copral skeleton 1aid down by the coral polvp,

4. To vrest whether Lhis precipitate, this "skeleton,' is calcium carbonate,
pout off and dlacard the liquid. Dey the preclpitate either by evapora-
tion vr by oven dryleg. Test it with vinegar to see LT it piwes a
figzing teartlon typleal of calclium carbenate.
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In pecferning <his demoustration fer the students, ¥ou might do ooly
the oericns ané let Lhem Mgure coc whnat is happening and what rhe liguids
FYeprascmt; r

You might explain voch srep carefully as yun go alonmg; or

Yoau wipht do the shew [rab as a mystery magle show. Let chem discuss
lt. Then de rhe shew arain, this time with their own and your explanaticos
ingerted ar =2ack stoen; orC

Yine mav wizh to direcr rhe students 1o Jde the demonsteartien for them-
selwes, working in =mall croups and later discussicg rhelr findings and
coanpe lusiang.,

Priblem 0. CORAT EEADE BANDE 2, 17

This problec deals wich mass, voloowe, aod density ob ceeals,

Haterials.

Sivrel heads e pleescg P aomal ool Prepaws ieinde, one er otwdent g
SPiernscr L0 ocnsle oot bhe ogTlestiom of reel acnala

S Taagn e oandllaep wopal felg. Pwngiol Uwonhe olase

foan o pneture o g Pradn copal Sor the slzes

L7 Bazek plokun ghowding poe poly aandides)

- '
; an s
TR P S L A
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—Mzrmurines ey
N r Lo

= . CR LI 7' . - r . 1 - o
— A BT e D OUeETr LTLEI PO Tar mEliy e ag aenail Ll

Prohlems; (Lo he melacted [roo and adpatud as «lass ocrd Lndlcates and
aceercing te available kinls af coral specimens and pletures)

Examine your plece of coral skeleton. Where would the polyps live
[{ the caval were al iweat?

Mawl corals are colonlsat animals. A few are selirary. Which kil
af coral du wou have. wWhizh kind de you lLave pletures of?

Measure he alze ot your caral specimen.  What should you measurc
tv per the size?

Is thr atppert coral the cne with the greatest wvolume? What
2 volume? lew can vou measnte wolume?

Ta che biggest coral the vme which welghs the most?  Tlew cowld
yiu welgh your rorval?

12 rhe biggest roral the one which bas the most pelyps? Since
wour caril Apecimen s dead, hew can you count the pnlypa?
{raunt the kales)

foopt 'l an next page)
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Problems: {cant'd)

Some corals have a few pelype spresd out over lota of space. Drher
vorala have lots ol polype crowded together in a swall arvea, like
peaple living In apartment hposes in citles. The amount af erpwded-
negqd 16 called the density. Your reacher will show You how to mea-
gur# the denaity of polyps 1o your coral if yeu canmot EFlgure out
how to do it yoursclf.

Loak at thy specimen or picture of a brain cersal. How could you
mensure the pumber or density of polyps 1o it?

Some sea weeds have skelefons made of the same hard, white, ataney
stuff as corals. They are called carelline algae. How do you

think you could tell the difference befween a sea weed skeleton .
L (coralline algae) and a real coral gkeleton? |

Suppested Procedvres and. Backpround laformation.

fme wav to staet this class is to have the students examine the eollec-
tion of coral skeletens and pictures. The questien af whether they ace
dealing with coe coral, or more than one, 13 hard to apswer. Let the stu-
dents digcuses lt. FRemind them of Lheir play dodgh mnlela. There was ane
pilyp per cup. If you put all the cups tugether, there were many. But with
play dough "tissue' connecting all the palype, where dld one ind{ividual
start, and ancther cnd? [5 thia really nelther "one” ner "many™?  Laok up
the meaning ol the word ecolonial.

Fungla 1s a solitary coral because it has valy one large polyp with a
mouth in the center and rentacles reachlog oub along Lhe ridges radiating
from the ceater. Mozt coral specimens in the clasa are probably colonlal
having had interceonecting pelype, one polyp per "hole”.

The students may have many ldeas oo how to measurs yolume. Some may
remeober V¥ = length x width x height. another way that iz commosly used when
dealing with cbjects of unusual shape 13 to get the “digplacement wolume,"
Fill @ bucket ar tub up to the very brim with water. GEet it An a pan, then
immerse the rural skeleton. The skeleton will displace the same velume of
warer ag 1cs own volume. 5o, the cverflow woter 1a caught and can he mea-
sured with a measguwring cup, guart jar, etc.

Wedght can he determined by using a scale (hathroom, baby, @alll,

An cawy way to do densloy 12 o cut out squares (¢.g. ome aquare centli-
meter or ane square ioch) of aluminum foil. Press the square onto & partlonm
of the coral to obtain an impresaion of the polyps. Beprat geveral times,
uslog different squares on different seéctions of the coral. Count the rsam—
ber of polyp lmpressions per square and take the average. Density = the
average numher of polyps per square unit. BAND 3 students can compute their
oun averages and compare the densitles of differcnt [¥pes af corals.
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In a brain coral, polyps are located in a meandering "yalley.” It iB
ag 1f the mouth of a large pelyp had been scretehed out along and Iineide
the wvalley. [(Have the Atudents put thely fingers inoide their mouths and
atretch them frum side tuw side.} Furthermore, each polyp mouth joins or
fuses wich {£8 neighber's mouth. Ome scientist dezeribis a hrain coral to be
"14ike one continucus pelyp with many meuths along the groove,” 1t is impns-
sible to decide huw mamy polyps there are from Just seeing the skeleton.
Indesd, it would be hard to declde even 1f we had the living specimen.
Although there are sesparate moutha, the polyp stomachs are In contach; Lf
one wouth gets some food, it eods up befng shared by other palypa! The
Qintinctfon between "ome” mnd "many™ 1s even harder 1o decide!

Same coralline algav tesemble coral skeletons. The fact that there 1=
ne place for palypa indicates that the resemblance 1s superficial. [Refer
to Spa Weed lessona for further studies with thia plant.) Coralline algae
are important constltutents of coral reefs.

Problem 7. CORAL REEF BaN 3

Thia problem for upper elementaty atudenta draws on conclusions and
experience galned from Che toterance range experiments for remperature,
galinfity, and light dane in the anemone lasgen, and pa gtudent ab{lity to
el maps. T

Matierlals.

_Map of the world, chouing popgh reel Atatriluricn

—4 ginpia cutline map of houwr island, one par ptudent (gee pamsie at
the eved of thiz topte)

—4 gommersiel man of mour faland showing oFean damthe im ooaetal wresd,
one per amzll group of atudenta

_knouebopedias and olher veferenced ugeful in reoding abour orai resfe

St iwlty:

Recall the exprriments you did with =ea anemanes.  How did chey
respond to changes in femperatute, galinity, lIlght? Corals are
"oougins” to anemones and have similar Teactlens Lo epvltronmental
chapges except that corale are much mare sens[rive. Corals can
atand murh less change in temperature, salinlty, and Iight.

Look at mape of the world showlng coral reef distrlbutfion. Can
you explain thise disgyribution?

Use an outline map of yaur island which shows coastline and rivers.
Predict where I{n your island waters carals might live. Mark these
places on the map with dors or small z's or shadiog.

fcont'd an next page)
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activity: (cont'd)

Vhere around your talend might covrale oot be able to Live?

Regarding temperature, ln which places might the wakers be Coo
coel?  too warm? i

Regarding light, in which places might the watérs be too dark?
too bright?

Regarding aalinity, in which places might the watérs be too
dilute? Look on the map whare fresh water streams empty Intn
the ocean. Would chis affect growth of & coral reef? Howd
Why?

Now look at s printed map of your island which indicates offehore
deptha of water apd marks of where the reef is. How do your predic-
tions of where the reef might grow compare with where the commercial
map shows that they actually gre? Notice where the recfs are wider
or aarrower. Look [or places arcued the {gland where there is o
reef and where deep water caomes cloge to shore,

If your predictions of where coral could grow match up with whare
the map showe the rveef really 18, Fou know that you have guessed
right absut the condiclona which ¢oral can-grow im.

1f your predictions of where coral might grow do not agree with the
teal map, or yice versa, can you explain the difference? 1f you
cannot explain why carals are growlng, or net growing, 1in some
places, bear in mind that s¢lentlste aldo somecines have difficuley
explaining why reel does or does not grow in certaln epoks whire
they predice 1t ghould or should not. Like the scientiste, perhaps
you can think abour some further reasons (o ETy bo explain the
diacrepancy .

Fram booka or am encyelopedia, Fipd cut what you can about the
following:

Fringing Reefs Barrier Reefs Atolle
Which kind do we have in Hawaiil

wWhat else would you like o know about coral reefal How could wou
find out?

Suggested Procedures.

dome directions snd procedures for thim activity are woven into the
atudents' guestlons in the box above.

The outlins map referced to 1s a glmple mimeographed outline of which-
gver island your school ia oo. Lt might be traced frem A touriet leaflet
map or wherever. It ahould show & simple puctline of the coastline, and
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lines indlcating major rivers and atresma. The river outlets oo the ocean
give a hint of where salinity may drop below the tolerance level of caral.
Far wour convenlence, an outline map of Cehu, which wou can reproduce, 18 on
an appended page.

A& paut leal ehare €F41107 can be porchased for 54,38 (including tax and
handling), from:

Transapacific Company
1406 Colburn Street
Honolulu, Hawail 9&H1TY
Fhone: &81-7338

Other sources af commercial shoreline maps are the Atlas of Hawall, the

Marime atlas of Hawaii, So!] Congervation Service mapa, and otherse you may
find in libraires.

Backgruand Information.

Goographic Ddstribution, Coval reefs have a world-wide diseribution;
they are located io the Pacific, Indian and Atlantie aceana. Howewver,
because of Etheir marrow tvlerance range [or tempersture, Salinity, and
ight, smong other factars, they gre found In cnly parts of these nceans.

Limitlng Factara. Many Factora can influence where coral ceefs are
{foand. HReefs are nob wswally found:

-in sandy beottoms ton locee for young caral to serrle

-in polluced areas, including mud and silt pellution from seil Flowing
anto the reef [eom sclil erosion aveas

-in centinuously muddy waters which chscure sunlight

—in areas of extremely strong currents where polype cannot Settle Iong
gnough to take held

-in arvas subject ta cold curvents which drep temperatures below the
tulerance lewel

-in estuarles and areas vklemding oot from piver mouths where =alinity
i below the tolerance lewel for cerals

-in tide pools which are subject to wide fluctuationa Iin light, tempera-
ture, aaliniky, and cross currents

—in places where the Teef has been dredged and the corals have net vet
grown back

Although some sclitary and ecalomial corals grow 1o wery catl palar
waters, reef-tuilding covals are reserlcted to the area near Lhe equatar,
srowing in warer that gets na eolder than abeut 70°9F (21%C).  Corals canmot
talepate continual exposure to freshwarer, so coral veefs are not fuund
acrore tiver moutha.

Feef-building cerals haat small planca within thelpr awn tlsones (422
Yea Anemone prublem). Because these plamts neerd Eight to photosyothesize,
Teef-building corale do nnt graw In depths greater than about 1o feet,
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although the exact depth at any apecific locatfon depends on the <laricy of
the water. On the other hend, corals protect thelr plant celle from koo much
light. Om bright days In partieculsr, the palyps may be retracted within
thelr coral cups, fully expanding oely at night. Black caral, pink eoral,
and gomk other Forms which do not contaln algal bodles may grow @bl goeat

deptha 1f orher conditions are right.

Typea of Reafa. There ate three typea of coral reefs. Imderatsnding
hew thevy were formed hag been, and 1e, & coplex problem. Charles Darmeln
proposed a theory suggesting how 2ll three types might be related.

Fringing reefs grow vight aloneide the coast, often separated fram
the ahgre anly at high tide. These recis are found arcund "young”
iatands, ones that have been formed ''recently” in terms ¢f che age
of the world. Hawaill has fringing reefs.

As these islands, and the ocean bottom they are formed on, sink
during periadie heaving of the earth's crust, Iodividual corals
grow up vertically to maintain the reef at the same lewvel relative
to the sea surface. In so dofng, they form & barrier reef.
Eastern Australis haz a grest barrier reef.
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After a very long tilme, an island mey sink below the sea gurface,
leaving only the coral reef, now callad an atell, Many atollas dot

the Pacifir Chean.

A8 coral colonfes grow older, certaim types of marime organisms
fhivalve mollusks, spenges, even somé kinde of alyae) bhore Into the cnral
aurface, producing fine sand. This sand ta camapted inra the cracks and
cranmies of the riddled coral akeletons by another group of organiams, the
chief one being encrusting red algae. Hecause of thie Important rule ia
the [oymation of coral reefs, some scientlsts would prefer the rerm "algal
reefg™! 1In some aress of the reef thie rerm la more accurate. Red algae
atre the dominant specles of the near-Aurface rldger and subsurface buttresses
that mer the ccean waves head on. Thus, caral recfs farm bulwarks, or

natural jetties, that protect islands from the full forece of che ocean.

Living Communitiea. Coral reefa provide a place for many plants and
animale te llve. 1In fact, there ere more kindy of living things found Iin a

coral reef ther in moat other marlne communitcied.
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11, SHORELINE LAND PLANTS

Int recaceion.

Certain tand plants {lourish along shorellpes and these are likely tao
be encounceved by siudents durinmg Fleld trips to the beach. Tt ks worth-
while to take & moment during a Reef aodd Shore [1eld trip Lo have & laok at
land planta growing nearby.

faarse grasses, sedges, small weeds, and oLther salt-reslsfent plants,
face ooto &ome heaches. Racky beach areas may be devold of small planca
but may have cocomut at other Lrees growlng close ta the watvr's edga.
Freguently obsetrwed in sandy areas are Beach Moening Glorv and Haupaka
snrubs. A vy [ew of our shores have mangroves reaching inta the challow
waters.

BEACH
MORMING GLORY

The followlng supgested activities and fguestions wust be selected
apcarding to whatever vegetatlon 1s available for chservatioma. Toplcs
suggrabed can meke for conversation and digcusaion while walking down a
rrail to get to a beach or woven Into cogversation during a3 break bebtweden
sesglong in the water. The asceivities and queations are Oab Sl up in the
suotomary prablem siyle although chey can eagily be made into problem
starements for data taking snd potebeoi reportlng If a teacher so desfrea.

Phrages in parentheses are intended as teacher information only -

Quesl lona and Aciivities for Qhaervatlon of Shoreline Flants.

1.  Abundance of Beach Vegetation {percentage of ground cover).

—How thick or dense or close tagether 13 the wegeraticon frvm che road
vhere we parked our cara down to the breach?
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-Tes the wegetation thin out, or get thicker, or change In hefght, =3
we approach nearer to the water?

-Does the wvegetafion accur in patches ce L5 1t evenly distributed? 11
it accurs in patches, =an you see &ny Teason why this shoeuld e sof
{Presence uf rocks, shade from trees, trodden pat hwoysa, windawept
areas, wind-protected areas, wuel ATEas).

-Does any wegetaktion grow in cracks of rocks or on Lop of vocksT

-Estimate whal percentage of the ground 1a covered by planks {e.g., IF
about 3/% of the grownd has plants this is 3% coveragr] .

Locat lon of Vegetation Relarive to Shorellne.

-Can we #ee any wegetation prowlng 1o beach sand?

—Look for evidence of the height to which the highest ridal waters
reach. ‘This 1is the High Tide Line ov High Tlde Mark. How [ar (mecers,
feet) is it from the high tide mark to where the wogebation begins?

—1a the distance from the high tide lioe ta the wvegetation the samd
along the entire beach? Tf it 13 scmelimes ¢loser and sometimes
fRrther what 4esms to cause this difference? (Preseace of rocks,
irees, degree of slope or elevatlen, greater inundatlon af water in
pone places, ecc.) .

—-Imes any grass or cther vegetatlon grow down fat enough Lo he touched
by the higheat tide waters?

50il Under and Around Beach Vegetatlom.

-Look al the sand under the Ieaves and around the reots of the heach
plants. Is the sand under the plants & different colar? texture?

—ran vou cxplain why, or why not, Lt is different? (Fallen leavea and
plant parts gradually turn to bumus and mix with the sand, pglving it
a darker onlor and soll-1ike texture. In some areas, brlsk winds and
ghifting sands do not permir the accumulabion ot humus. )

Leaf Texturea.

—Look at the thickness and surface texture of leaves on heach-growlig
plante. Compare these leaves wirh hibiacus leavea, for example, ar
with leaves of ucther plants which grow far inland. Do they differ?
If sp, Ln what ways, and why? (Beach plants in general have thicker,
tougher leaves and rough textures, They muat withstand pelting af
pand and Aalt particles.]

Treeg and Tree Hools.

-Do any caconut trecs grow slong this beach? TF =o, which way da their
trunks bend? toward the sea, or toward the mountalns, or in many
direcciona?

—what other rrees prow im the areal! {(These may include a wariety af
kinds. Frequently {ound near shorelines are I[vonwood, &lgaroba,
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Pandonus, Sea Grape, Falae Kamanl, llaw. See aoy beok om Island tTees
for ideptification.}

-Look for vvldence of wind effectes on the divectlon of prowth of the
tree hranches. Look for differences in the holghts of trees sb dLf-
ferent distances [rom the beach. Can you &ee any reason for chelw
different aizea? {Wind and water &ffectas).

-Look for trevs growing near the waterline. Are they growing om dry
groond? T any of them get splashed by the water at high tide® Hew
cAan you Eall?

-If any trees have exposed roots, why do yoee think the roots ace
exposed? THMJd they grow that way? [Md the sand get washed away and
lesve them exposea? {The Patter is nearly always the casc vecept Tor
Marag rove - )

-Do vou think it hurts & tree to have exposed roota?  {It does, ecxvept
that soch btrees uswvally adapt by using remeining wnexposed roots for
anchorage and wafér abserepelon.  If the root system becomes eatirely
wndetmined hy eroding waves, the tree falls down. The excepticon is
the Mangrowe which normally grows in water and praduces stilted paita.)

&, Beach Mormlag Glory.

A wory coomonly enccuntered beach plant in Howaildl is Beach Morniog
Glory which sends oul lemg cuoners over the sand aod puesd forth morm-
ing glary ahaped flaowers of a dusty pink caler. The buds are poloted
and twisted., The «losed Floweras are turoed in upon themselves in a
riuadl ahape,  The two=part capsule contalns brown sveds.

-lank alpng the beach for the Breach Morning Glory vine., [Dues 1t hawe
open flowers? What tfoe is iE? Is this ceally o aoiming glory?

-what volor are the flowera? What shape? Among the flowers which are
closed, can you tell which are huds not yet opensd, and which are old
Eliwers thot have olpged?

-Can you Eind any svied capsuiea? What celor and enmber of seeds are
loside?

—Lopk zr the shape of the leaves, ‘The aclentific name for heach marm-
ing plory is Ipumoea pes-caprae meaning Goat's oot Morndng Clory,
pamed for 1he shape of the leaves. [ you agree that this Es an
appropriate pame? What shepe {2 a goat's toot?

—ftpes the vine of morning glory branch or §s each vime ane single lTang
stem?  Bow long fmeters, Eeet) 18 the longest stem you can find?

—tiewr I the wine rootéd fn the sand? Pull up pne of the roots, Lf yuou
ran! How luong L= the root? Is Lt a siongle root or beanching?  Thick
ar thin?

-Beach morning glory vines weore somefimes vaed in ancienr Hawalf far
fomd., Try a pleceo.

—Beach morning glory vines were somelimes vaed in ancient Hawalf for
vabdage. What is cordage? Pull up one long marning glory vipe and
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organize a tug of war to Lest the streagth of the vine., HWw would
you compate 1ts strenghh with that of other cords af your acqueln-
tance? (The suggestion is to pull up one root and do a tug of war
with one vine. Beach woraing glory ls gufficiently abundant to zllay
any fears of exterminating the apeclea. On the othar hand, thece |s
ou meed for a class to tear up @ whole beach.)

Naupaka.

Haupaka is a btoken-hearted malden forever separated [reom her lover.
She has bloassoms whiclh look Like half Elowers. In the mountalps
another naupaka grows. He alao has a broken heart and » almilar

half{-flower.

{Naupeka, Scaeyela Iobelia, 18 an exceedingly hardy beach shrub found
chiefly on ogur windward shares. The half fliwers are actually entire
Flowers. 1If the <lass has already had « leasan on flower parts, have
them examine the Elowers minutely to note that each flower possesses
aAll the parts negded for a complete flower, Includipg Mwve pekals
typical of a diest plant. The split on one sitde of the cerollas pro-
duces an appearance of being a half flewer.}

BEACH NAUPAKA

—Look at the naupaka bushes on the beach and see 1f they seem Co be
hardy and well-rooted. Sec If you agree with the textbaoka which say
that naupaka bushes wlithsband strong winds, driving sand, scorching
sun, that they root themselves in the gand and hald the beach from
eroelon, growing where liktle elsc can be made Lo grow.

~Examine the Eleshy leaves of naupaka. Look for tufts ot halr at the
hage.

=Look for white frults. Where on the bosh are the white frulls {ound?
What are they like ineide?



Hawzil Mature Study Project 299
Recf and Shore

—There arv many diffarent versions ¢f the atory abour the neupaka
Elewer, All the stories seéem ro agree that the half-flawer of the
beach naupaka ig a broken=hearted maiden and that the simdlar half-
flower of che mountain nsupaka 1s her broken-hearcted lover.  Unu
atory says the lovera were separated by the jealpus goddesa Pele.
Ancther atory savs the malden herself tore the flower in twe, declar-
ing that her lewer must bring her a whole Flower biefure she would
marry him. He was never eble to [ird the whole Elower. She bhad tomm

every cne in half.

Maka up vour own story of how the two lewvers are represenbed at the
brach and 1o £he mountaine by twe half-flowers.

8. Berach-31de Grassea and Sedges.

{MHout of the tough graeses which grow close 1o che shoreline are
actually sedges, a group closely related to the grasses. The cwa
groups can be distingulshed by the shape of the atem. Crasses have
round steme, uwdwally hollow. Sedges have angular, ugeally triangular,
gtems which are slways s0lid.)

CROSS-SECTION OF CR -
SEDeE STEM “drass sTem

SANDEUR

t15 sandbur a4 press
ar a sedge? Laook
at che stem.)

BEACH
WIREGRASS
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—Euamine The praskes growing clese bo Lhe ghorteline. Are they the
same kinds which grow on yewr lawn ab home? YeazhoTe prassies are
aften much toupher—leawved than lasm grasses. Is thar true of thess

you are looklng at?

-Look carefully ut the stems. I1f the stems are round, you are Tooking
at GRASS. JF the stems are trlangular tor aquare} and solid, you are
looking at a plant called SEDGE.

SEA GRAFE
Cocoaloha
unifera

AELLIENLT LET

Lampranthos plomeratus

HLT CEAES

Cyperus
rotundus
(a2 aedge)

MANGEDYE

Rhizaphora mapgle]
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12, SEA WEEDS

Int roduction.

slgae, or Limy in Hawaiisn, are the plante of che worid's waters.
tlygzae fill an {mportant niche in the food chain of the sea. They provide a
rich nutrienr base for animals from zooplankfon o mart.

BAND 1 childeen can engage in cthe observational porcions of the pro—

blems in this teple. lUpper elementary childven can do a cuompetent job with
sea weed presring and mounting. Fveryone enjoys the eating part!

Problem 1. GENMERAL FIELD OBSERVATIONS BANDS 1, 2, 1

——

Fraoblems:

What shapes, sizes, colors, and kinds of sea weeds grow in tide poals|
and ¢m reaf flats?

Look for those which fleoat and chase which aze sttached. How are .
some of them attached and co what? :
i
Are they growing in deep water, shallow water, cut of water? Do sea
weeds grow In clumpa? in patches? Are they falirly evenly discri-

huted? Where do they not prow?

Do any animals seem ta be making use of gea weed? What use?

Sugeested Procedures.

These general field observations of sea weedd can take up a small part
af an Extended Field Trip, reguiring little move then 10 to 20 eloutes of
the entire fleld trip sgenda. #An alternate idea 1% to plan a specitlc Pleld
trip devorted eatirely to Limu, lncluding observations as i Prelrlems 1 and
2 and sea weed pressing as in Problem 3.

When preparing students for the sea weed portiom of & fleld crip, po
over the gueationa above regarding things for which they should be on the
alert.

At rhe beach, 1f students need still further help in making chserva-
tiana, vou might weave quertions similar te the Following inte the conversa-

tian aa needid:

-What ges weeds dpo you find floating? Attached tw rocks? To other
objects?

-Are pra weeda all over the reef or only in some places?
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=Are they completely covered with water? Do domea of them atick out of
the water? Are any abowe the water at low tided

—-Feel them. Are they sLLff? limp? slippery? (&ll of rhese)

-Do they have roots, stema, leaves, flowers, seedda, llke land plantst
(Ner)

-What colora are they? (fGreen, hrowvm, red, other subdued shades)

—What dif{erent kinds do you see, For exsmple, atringy kind, thread
kind, leafy kind, vic. (See diagrams and descripbions below)

=Can you find any anallas or other animals hiding in the folda of sea
waeds? {aplysias, anemomes, amphipods, many others)

~Dp you Eind eny dead gen weeds along the high tide mark on the beach?
How are they different treom the living sea weeds In the water? (Oried)

-What use, if any, <o yon think sea weeds are Lo veef animals? (Food,
ehelter}

Thete nesd he no special report on these observations, vxeoopl perhaps
an oral cne, since the pressing and mounting activily below will provide
oppartunity ta make detzsiled reports.

Problem 2. SEA WEED STROCTIDRE f BANDE 1, 2, 3

The purpose of fhis aceivity 1 to avyuaint students with swme of che
physical characteristics of a few common sea weeds. Thls acqualntance
gerves two purpoees: (1) Te plves the students a warking vocabulary amd
recognition of Ehe most common local sea weeds. If they get nag Further
than this, the exercise g worthwhile. (2] This base line of Informatlen
glves a handhald on geing into the lliterature for didentification and dis-
cusslon of further eperies.

Frohlem:

What ehapes, sizes, and structures do sea weads hava?

Procedures.

Suggestion #1. Plan a special [ield trip for the class Eo a share ares
rich in limu. At the beach, arrange =tudents in workimg groups along
the shore. Bring pans, nctebooks, penclls, dlagrams, and heve the
gtudents in sach group examine the sea weads in their section of
ocean. Use the aotes helow to gulde thelie sbaervations.

SugpeAtion W2, Gather commom sea weeds at a shorellne and bring them back
ta Bchocl in buckets of ses water or o 1limu bags. In the classeonm,
float a variety of limu in pans of =sea water, onc pan to each group of
atudeprs. Hawve the studeats look, feel, taste, smell, and learn what
they can sbout the specimena before them.
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The tollowlng vecsbulary, illustrations, labels, and comments can be
uzed co help the students to examine the most compon species of sea weeds
colivcted on most Hawalian veefs.

Vocabulary {ur Teacher Usage as Neaded.

HOLDFAST: The structure by whieh a sea weed attaches itsell te the sub-
srratum. The holdfast lpoks 1lke & voot but it doea not absorb water
or nourlshmeat far the plast ar raots di.  Hawve atudents conpare ooty
anigl hrrlafasts.

SUESTHATUM: Anv rock, weral, shell, or bard suriace om which & Eea weed
(or anvthing mlme} can tind ascharage.

STTPE: The siem—1ike part of a sea weed, Stipes, scmetlimes called stems,
Jo not contain vascular bundles for the flow of sap as land plant

atems de.

BLADE or THALIUS: Leaf—like flattened portions owf the sea werd, Also
somet ioes called fronds eor "leaves'.

BTADDER: Smakl, hollow "balloonz"™ attached to stipe of some Aea weeds,

FRUETING BODILES: FRaunded or wval knobs, from visible to mlcroseopic in
size, which contaln the male end female reproductive cells.

ALGIH: Gelatinous substance In stems aod blades whichk onzes out when the

sea weed is pressed. Serves ad a glue to keep dried sca wead atuck
Lo omoshkbking paper-

& Few Common Eawallun Sea Weedd.

Gracilaria inronapifelia Olwa retluulata
LTML MAMANEA, 00 - dark rosc, greenlshj Bright green; lwoks like & tangle
c¥lindrisal branches; grows in small of soft tibhhons with heles 1o the

bmighes. cilblion=.
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hspardgopsis caxiformhs

LIMY KAV - dark ced, arown, Fang
holdfast makesa strong vresping
branches oo rect; erecc branches
{3 Eo 5 imrhes tall) Sowve sofb
fuzey hranches.
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Padina pavonls

Ear-sheped blades with comrentric
eirceles 1o tans and browms, attached
to substTacr in =s511l% bunches.

laurencia nldifica

LIMU MANE'OHE'D = lighl green with
pther 1ight colors mixed in; small
"hWughes'" wlch matted boses; mach
branched stems 2 ta 3 incnues tallg
peppery Elavor.

Bargassum echinaceTpum

LIM KALA = golden-hrmm color, stiff
bhlades llke holly leawves wich spioey
treth: floasting bladders attached to
stipe; feels gtiff and rvagh. & specles
with moeh larger leaves 1= commor in the
Atlantic Oeevar:. IE Elpals 1o large
bunches pear Eermuda caking what is oalled
the SAarpasgo 3fa.
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Ulva [asciata Codium vdule
LIMU PALAHALARA, SEA LETTUCE - bright LIMU WaWAE'TOLE - wery dark green;
letture green, flatiened blades forme a mat on the coral; round,
attached in bunches: feels sofr and branched, tube-like stems,
1limp.

Enteromorpha prolifera Gratrloupia filicine
LIMU'ELE'ELE - very dark green, LIMU HULIMULUWAEHA - dark green, pur-—
capecially after sctanding; thin, ple, blackiah; Elne wiry hranches,
fipe Filaments, like long hair; flattened and branched in one plene;
firmly attached to avhetrace; fxels feels alippery.

glippery.
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LIMU L1PJA, DICTYOTA - wawy, polden-—
coloved blades with prominent brown
midrib down the center ol the
braanches; grows in deeper water but
i sometimes cast ashore.

Teacher Backpround Toformat lan.

algae can he grouped by differing criteria. The follewing are groap
name's {Fequently encounteted,

Olateoms, Eacillarleae: Small, wne-celled, free-floating, algae with circu-
lar or acher shaped hard covers made of silica. Diatoms form an impor-
tant comprnenb af calcarenus =sand\.

Phytaplankton: Small, free-floating alpae assoriated with free-floating.,
near-mi ceoscoplic animals. Together chey make op the plankton which 1=
the food base of life in the =ea.

Blue-Green Algac: FPhylum Cranvphyta. Small, bacteris-llke, ame-celled
plants, aften chained in filaments. Faund co Jand in damp places as
alimy prowths, Frequent in {resh water. Alaa 1o the: ocedana.

The larger algae which we usually call séa weeds o limu dre wlagelfied
according to celar pigments. The dlvisicn by color 15 ant clear cul nar
always vhbvious to Lhe naked eye., The "Beds" are sometimes browtiah-green
bacause of the misture of other plgments with the red plgment.  The "Rrupwhs'
arc oirer a greenish-hrown or yellowlsh-Brown. Exact classhiicacion deponds
on microscople andfar chemleal analyeis.

Creen Alpae: Phylom Chlorophyba. TUsually grass green, e.g. Ulva, Codium,
Entetonatpha.

Golden Algae: Phylum Cheysophyta. lsually yiellow-green or yellow-browm,
Hat common 10 ghallow Hawallan watera.
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Brown Algae: Phylum Phaeophyta. Ususlly hrowm, a.g. Sargoscum, Padina,
IHceyota.

Red Algee: Phylum Bhedophyta. Usually dark red, brosmish-red, greenish—
red, and sometimes hardly red at all, e.g. Leurencia, Gracilaria,
Asparagopeis. Included in the Reds are most of the coralline algae
whose hard skeletons make a major conteibution to the building of
coral resfs. The Reds concencrate fodine in commercially recoverable
quantities and contain agar used commercially in lotlons, puddings .,
and biclogical laboratories.

Problem 3. 5EA WEED HEREARIUH BANDS *, 3

Mounting Sea weeds f3 a presmble to their detailed atudy and claaaifi-
catlm, Prepering 3€a wesd mounte 18 a3 “fun" process which studenta emjoy.
The techmiques below are a compllacion from the successful expeériencea and
ipetructions of Ms. Gerry Kajitani and the late Dr. Albert J. Bematowicz.

Froblems:
Learn Lo mount sea wWeads.

Make dry mounts of the kind of sea weeds you find an the Hawallan
resf.

Materials.

—Holding bag for Sresh aeaq weed laee Frocedures~-tn-Detall for diagrama
of halding bag mrd cther wateriqls needed. )

~Large 1lat par with geq water

-StifF cardboard or other backirg to aupport gubmarged mowtting pdaper
~Mounting paper

=Lagd penedl

—fmall, acft, apiiets bruah

-Newepaper . . . Lofe of it

—Smpath ahgorkent cloth rage

-toards ad weights

—Tdentifioation lnkels

E;ncedurtu—in—ﬂrief-

i. Collect sea weeds from shoreline.
2. Kezp in wet holding bag without compacting them.

3. Frepare flat pao of Aea water with flat, wtiff suppert in bottom of
pan.

4, I(btain mounting paper.
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gelect & sea weed to be mownted. Write oname, date, oto. in lead pencil
in loser rFlght cermee of paper.

Place mounting paper 1o pan on suppart beard. Pur sea weed in pan and
"flpgt 1t out.”™ Cue and thin o form & siugle laver oif fronds artised-

cally arranged.

[ifr the support boazd slmely and carefully out of the water bringing
up the pounted sea weed without disturbing the arrangerent.

Build u "sea weed sandwich™ of newspaper--meunted sea weed--clorh cover
——mnYe newspapey-—another mounted =ea wieen]l-—ancther cloly caver--ooTe

newspaper-—and so on [ar many layers. ¥Fut a brard and weight oo iap.

Changwv the papers and clothe bo dry omes atter a few hours and dal Ly
thereafter untll the spreimens are complerely dry.

Afix a labe:]l in the lower right corner-

Procedures—In-Detail.

1.

rallect sea weeds esired for mounting. ©Callect & few sew weeda anc

catlect small pleces., Fiwve or =six smallish branches of Jdifferent kirnd:
per student {5 encwgh. Beginnlng students invarlally collect taa mach
and are unable to cooplete the laber {nt mounting ihe larpe gquantiticvs.

Put the rcollected sea weeds 1o a
heldtng hag., A holling bag can ke
a hucket or o plastic bag- Belter
than elther of these i= & bag made
uf coarse cloth. Wet cloch keaps
the sea weeds both mofst and cool
while permilting circulation of air.

Limu should oot he crushed dowm into
the bag but held lovsely {as Eor a
tosged aalad). Tt should alsn not
be kepl longer than neceasary
becauze of onser of wilting and
dying.

Prepare a flat pan of sea Watve.
This way b done either ac the
beach or back in the classroom. A
ze2a weed pan {5 amy container with
a flat hattom ble encuph Eo acoam-
madate a sheec of 3% x 11 paper
with smme finger room left all
around. The large aluminum dis-
posable roasting pans scld in foed
markets work well. Pan of se3 water
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In the bottom of the pan place a
flar, stiff =upport big enough to
fit umder cthe B = 11 paper. The
support can be a sheet of heavy
ecardboard which will hawve to be
replaced after each few uses as it
hecomes water logged. It could be
a pane of glass with the edges
taped to protect Elngers. It
rould ba & thin plece of plyboard.
It could ke & flat metal sheek.

Instead of using sea water in the Flat pan of oea water with
pan, tap watel can be used. gupport board [n battom.
Howewer limu plant cellz which are
avcustomed to 3alt water tenalon
may rupture in fresh water allow—
ing the plant pigments 1o splll
put. 1 tap waeter i3 uaed in the
pan, wark quilckly betore rhe coler
has had time to bleed.

Take from the pack one sheer of
dry, vlean momting paper, Mounk-
fog paper can be officizl hotany
or herbarium paper obtainable at

the statiopcrd. AlmosL as good is e

mimecgraph paper ot white consfrue- Ty

clon paper ur typing paper which —

has a falrly abscrbent surface

racher than a polished glossy coat. Mounting paper with lower right
corner ahowing student Initials,

select one sea weed which will date, place, and Bea weed 1nfor-

aceupy the surface acea of the mation in lead pencil.

mouncing paper, oT geveral Amall
gea werds which will 71t on one
paDET.

Hawe the students write thelr own inlrials or name in the lower tight
corner wf the paper together with date, place, and information peeded
to he Temembetred about che sea weed. This spot will later he cowered
by 8 typed label.

fMate: Student mames ox initials are important. & week later after
the mounts are dried no ene remembers which ses weed belonzs to whoes. }
Mark the {nformstion in lead pencii whick does not wash off or stain
lr Aea wakter.

Place the moumting paper in the pan of water on LoD of the supportliop
board. Put the selecced sea wecd fnto the water and HEloat 1t out™
inte a chin axtended pomitlon.
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Mogr s=a weeds @pre tao full and
bunchy tr spread cut flac.  Remowve
sume branches and gpread out the
remaining fronds with the fingers
to he only oné layer thick.

Arrange [he specimen "artlstically”
ga that the shape of each part i3
vigible.

Work in shallow water ro keep Ethe
lipu from [leoatfing ofF Che paper.

Very slowly and caretully, tift tho
supporc board out of the water,
carrving on it the mounting paper
and limu =2tf11 in rthe pesition im
which 1t was arranged. Lift slowly
te prevent disarrangement as L 11
lifted. ©Drain che paper well. Use
the actist'=s bursh Lo push onk
water dropluts froe betwesn [he
legves and arrange Erends 1o pre-
i13e pogition,

Sea weeds having very stiff branches

moay be thinned end arcanged oo
mounting paper directly withone
having to be floaled 1o water,

Flace o heavy board as a botbom
auppart in 8 wiell-ventilated
place, or use an old table.

{n It

put old newspaper, About the thick-

pess of one dafly Essue. [ the
newspaper place the wet mountad
gea weed. Cowver thls «lth a
CLOTH. It modt he eloth. It
shewld aleo be cliean and =moath,
without weinklea. 2% x 11 zguakes
of ald hed gheet woerk well.  (If
paper is used, the limu will silck
ep {t ang the specimen will he
gpolled.]
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Quppert bourd, mounting paper,
and sea weed submerged In pan
and covered by % inch or Ewo
centimefers ol sed water,

f/ ; — —

fupport buoard holding oount log
paper and ges weed being care-
Fully 1ifced aut of water.

Wet meunting papetr and sea weed
placed on several lavers of dry
newspaper- This will be covered
by a dry cloth (net paper towel).
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1Q.

On top of the cloth, place more

nowapaper about one sectioo of a

dally paper.

Then another wet mounted se
waed;

Then ancther cloth;
Hore nowspapel;
&nd o on for many lavers.

On top of che topmoBt layer put
another heavy board and welgh
the whole "sandwich" doum with
a heavy welgzht.

How Ic 1z time to clean up
spilled water., Toar out or
peturn ta the sea unused Bea
weed, and putl away pana and
suppatrfing bosrda For anuther
daxy.
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heavy weight

.WH_““,“.,.,¢ﬂ.uﬁ__tDp baarttd
A - T2 Sp AP T T

rlach

— ey __.mounted sea wierd

[

layvrs
I — £ WS P AR
—i-lalh
el b ed EEA WRe

T — — S L
—————- - b ot tom hoard

"Srea Weed Sandwieh!

Within a few houra ot half day after setting up the "sandwich™ the
aewgpaperAa and clothe on both sides of the sea weed are wet and need

to be chanzed.

Set up ancther base baard beside the first "sandwich.™
layera from the oripginel pile, voe layer at a time.

Remove the
Tranzsfer each el

weaed mount to olean dry newspapers and cover them with clean droy

cloths, maklng a new stack cvovered by a weight.

The wer papers and

clothe removed from the origimal plle can be spread out to dey, veady

for the next needed change.

The pecond change ko Jdty paper and cloths may come the follpwlng day.
Thercafcer the pile should be rescacked with dry paper and rlaths once
or twice per day until the mounted sea weeds are completely dry.

How many days are requived for complete deying ranges from two days
to a week depending vpon Eemperature, humidicy, and wencilation in the

TOHn.

The naturally occcurring adhesivea in seca weed cause the ]lm to

adhere ta Ehe mownting paper as 1t dries.

required.

Mo further gluing ie

Have the students prepare a4 label to be placed un each mounted page.

See sample label below.

A number of blank lahels canm be duplicaced

and dlstributed to the students for £illing in infwematlion and then
gttaching to each mounted sheet in the lowerp right cormer.
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Scientific Wame _M_‘@| [ Fera -

; :
Common or Mawalian Name L'f"_"-_'-— Er_rf_-J f—_!_f_-_ .

Location and Descriptlon Faike Lﬂﬁﬂ:}!‘l} peqy !';._U_UEEQQQ g"h“'

special ¥otes  Ln prackish water, In tufts on

recks at low Hde.

Date 5,!’"'?]['?"? Hame of Student N_I.lﬂ'lﬁ IkEFﬂ{!ri

at firse, the line for Ehe name of 4 gea weed may have bto =e left
blank, but on no account showld che students be let off wichouwo 1]]1-
Ing ln the resc af the information onm ¢ach label. The pames o the
cea weeds can be sdded as they are dlscovered by refarence to keys or
trom Ericnds.

Well mounted pages of sea weeds collected In o nocebonk make an
Impressive display of which bath atudenta and ceacher can be proud.

The technigque Fatr mounting sea weed
can be used In an art project by fixing
tiny bles of sva wesd ta che covhers of
atatiopary or =small calling cards. Com-
binwd with matching afze envelopes thew
make elepent note paper, invitatlons,
and chank wou copds.

The 1lluatration Eo the rigzht was
printed from an actual mounted specimen.
[opartanr ta augeess In these delicate
mountings Is to drein the pamir wety
well, uging the artiat’s brush to pusn
gut mll the water from under and around
the specimep sl arrange the fronds o
the desired pattern. Fer best resulis,
change the dty newspaper and cloths
twice each day and use heavy weipghts
In pressing,

Problem 4. SEA WEED RECIFPES oANDS L, 2,

Thiz actiwvity Involves "havEng fum eating sea weeld " fome edilile sea
weeds sevm berter [lavored tn us and for some wae hawve cultivated 8 taske.
In general, szea weeds make 3 nutriticonal additlen o the dief and serve as
a4 condimept with fish and other foods.
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A good way to introduce s&a weed az a food 18 to gelect one of the
simple recipes below and have the students prepare and eat thew. The stu-
dents might do the preparation themse¢lvern, or the teachér may prefer co do
the work, bringing the wences or fonde to school as a Ereat far the students.

Limy Sduces:

Mico Sauce Vinegar Sauce
¥ ¢up miea 1 Thsp. sugar
Z Tbep. wilnegar k tzp. =malt
2 Thap. dugar % cup vinegar
L tap, HSG L tep. MSG

Limu Treaks:

Salect an edible sea weed such as Ogo, Codium, or Grateloupla. Wash
and clesn, removing all sand and foredgn particles. Pour bolling
water over the cleaned gea weed, Let dreln for a [ew minutea. Add
either vinegat sduce or miso sauce. Eat.

Pick only the tendereat young green leaves af Sargaasum. Wash and
clean well. Gives & splcy flaver eaten with raw [lgh.

©ther recipea can be [ound in Hawaiian coskbooks. HMr. Ray Rounds of
Kailua specializes in sea weed recipes usable with high schovl and adulE
cladged.

A rlass mother or auntle who 15 gkilled with sea weed may volunteer or
be asked to give the clasa a lesgon o edible 1fmnm.

Another idea: Visit a local market and motice the various types of
Aea weed sold in emall plastic combalners.
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13. SEA WATER

Intraoduction.

Classroom lpoveatigarions upder chis title are intended to bring stu-
dent attention ta the physleal characteristics o sea water, with apecial
atcention to its salinity.

The first four problems concern the phyaical propertics pE ses warer
aa compared with fresh water. The purpose eof asking {or comparizsens is be
glve the =tudents a base hy which to ponslder che waricua propertbies,
Elementary children do net yol have the skills, oor the eeed, Far caleclae-
ing ahsolute wvalues for density, sallaity, znd other characLeclsties.  They
can, however, obtain noticos about these things 1o velative terma. ''Sea
wvater tastes saleier than ifresh water', "Thinge tleat better In sea water
than En bap water™, vic.

The last three problems deal with the suliafty of sea water. The
laat two problems Tor advanced clementary atudents get Into caleclaciobns of
artual saline cantent [n parts per thauaand.

Mot all the preblem= in this topic need he covered, Some are specifl-
cally geared Lo cvertaln lewvels.

Froblem 1. SENSING SEA WATER AND Tal WATER (Primary) RAYD 1

This invesfigation tor peimary and pre-prlmacy children centers oo the
characteriatics of sea witer compared wlth tap water and bBrings up pologs

of usefulness and appreciation.

The guesilend and instructions arve written in teacher language and
abwicusly need "trenslat lon' to whichever primary lewvel the children eraulre.

Materisls.

-Fea wdaler

-Tap water

—Hedhur butiar Jors or SAr equivalent; oo Jakre penoamall ogroue of
gFhudents

_Newtpaper 0w old elotk for desks or tohles
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Problems:
Tf wyou have twoe idenftical contaipérs, one af sea warer and the other
of tap water, can yeu tell by locking which 1a Che Bea and vhich i3
the tap wacer?
Can yuu feel rhe difference between dea water and tap water!

Can yuu smell the difference between %ea water and Cap water?

Can you taste the differcnve between sea water and tap waber?

Health Hate:

Kegarding the tasfing of sea waler, any Eca warer which paswes the
health rvquitvements for wwimming s probably eafe encugh to dip one small
finger in to taste a few dropa. Yea water obtained from the Walkiki
Aquarium is Flltered from many Feet down in the reef and is practical ly
sterile of organisms. An added precawtiom, if desired, 1s to buil =ea
watar for about ten minutes rhe day before this claes. L&t ir stand ta
cool to vroom temperature or keep it In the refrigerdator.

SUEEEEtHd Frovedures.,

1. Divide the primary children inta groups of three or four children per
group. Give two jars ta each group, one yar cenktalning aea water and
the other Lap watber.

Mark the jars with & code 2o that only yeu know which is which,

It may be wseful at thls time to make an announcement abowc water
belng a preciowa llguid te be kept leside the jars, aat apilled on
the floor, ur &loshed around in the classeaom.

2. Bafore tescing for answers ta the problem questions and hefore the
atudents insert thelr Flngers to [eel or teste, have them predicet
vhether they Ehink there will be a difference between l1he two types
of wabetr.

Then proceed with the locking, smellinp, feeling, tasting to check on
predictions,

Teach that another tname Far sea water 1z salt water. Another name For
cap water s [resh water.

The following quescions may be uged, as desirved, to belp alung the
conversat ion:

-Can you tell the differénce between s¢a water and tap water by look-
ing?
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-Da you prediet that there is a differsnce In amell? Is there? Hhen
you are near the heach dowes rhere seem (o he a smll e the oceant

-Do you predict you can tell the dlfference by feeling? Can youl
—po you think the two warers might taate different? Do they?

—What do youw think cawses any diffevences you found buiween =es and
tap water?

~Where do you think sea warer comes [rom?  {ocean)

—Nnes ony one know where Fap water coees from? {water plpes, pumping
ptation, raim, groend, eto.y

I wau Like the "feel™ of water?

—What do we use fresh wacer for?  (drink, wash, bathe, cook, pardens,
gulm, navigation on rivers, etc.’}

—what do we use ses watetr for? {swim, aquarla, fiahing, ships, ete.d

-What would our world be Iike §[ we had mu ocean? [nw sea shore, oo
sea animals, ece. More advanced classes might getb intec ocvans as
gource of raim, weather regulalor, ocean industries and resorees ., |

-Should we take care af our water end of our ocean? Why? How can we
take care of water!?

—What should we net 4 bo our waler and our oueant

—Him can we shew our care {or the precious water in ur BEWo jarsT
(When fEnished, pour {resh water onto gardens, 1awn, potied plantsg
spa water into olasa aguariem or inte sknk Eo be returned via sewipe
pubfall to woean. )

BAND 1 ends with oral dizcossiom wlthoub notebock reporting.

Problem 2. GENSING SEA WATER aND TAF WATER (Middle Elemcenlary) Eabl 2

This ia the same aa Problem 1 with a tew odded fdeas to glwe a slight

sophistication Eor past-primary chiidreen. The objuecrives are the same:
attention to the exlsteace of, and some characreristice of, sea water wersuos
tap water.

Materials.,

=Sowmz an for Problen 1

Froblems :

fan vou Lell the difference between sea water and tap water Ty lnnk—|
ipg? by swelling? by feeling? by tagkhing? .
Gan you hear thraugh water? How does hearing through water compiare

with hearing through aly?  How coold you tost thisg? j
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Suggested Proceduresd.

1.

Frocedures and questions for dlgevaplon aupgested foar Problem 1 can
v¢ used here with srme sdjustment In language to gulr the older age
level. &lso, BAND 2 students should be able to keep written data and
aotes (@ce sample data sheet helow}.

The data rLable for this problem can provide good practlee for stuwdents
fn dvsigning & dats table by themsalves, or with aome help.  See the
PROCEAM MaMUAL on Inatructicos for making dara tables,

Wharever data table the students design, as lonpg as g 15 walkd,
afould be vsed ip preference to the following which 13 supplied o a
fall-hack.

TAELE 1. DIFFERENCES BETWEEN S4LT WATER AMD FEESH WATLH

— ——nar

Characceriet [« Fredicted N1Eferences Between Teated Dif Ferences Retwern
Tesred For =glt and Fresh Waler calr and Fresh Water

appedrance {lanka)

Bemee L1

Fieeling

Taste

TABLE 2. HEARINC THROUCH SEA WATER AND TAP WATEER

+ means srund 1s heard belcer

- means sound 2 heard nnt as well

2 . . —_—

Teat Made S5e8 Warcer Tap Water

r.

Tapping on side of jar
wirch ear presswd to jat

Tapping oo gide of jac
with ear away from |ar

Ear pressed tn side af aquayr lam
nedAtr aquarlum pump

Ear near aguarium pumnp but noi
fn touch with pump ay aguacium

Etec. .
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3. Traw some conclugions, sppropriate to grade lewel, about Che various
test results and what they Indicate about the propertiss of water.
The tests on sound might lead into further discussion aboul ot
transmissiecn, flah communicatlon, and scnar.

EAEDS 2 amd 7 atudents ran be ewpected to desipgn andfer fill in data
tahles and make notebook reports. 5See PROGEAM MANUAL oo cepart for-
mats.

leacher Background Teformation.

gond transmission is considersbly becter throuwgh Sea water, tap water,
ather llguids, and solid materiala than throogh aiv. We air dwellers are
accustomed to depending en wisual communication more rhan on awditory
sounds sinee light ponetrates air rapldly while scund moves relatively
slouly. In water the reverse is true. Light 1% soan damped out bub Aound
carries well and fer. Flah can communicacte hy scunds and ac times becomée
"nofizy." Man wuses sound transmission in water fee SORAR snd the granning
of orean Floor contours by echo location and depth scundings. Students whe
hecome interested in these toplos may £ind explanatlons in an éncyclopedis
and other references.

Problem 3. [FREERXTKG ©F SEA WATER AnD TAP WATER papns 2, 3

Lot goduction.

If a refrigerator is not avallable ab schook, this probler may bescume
a homework challenge.

Finding the actual frvesning polnt of salt water (about 3,57, lower
than tap weter) is r[oa Jdifficult fur elementary schowl [acilities and
gtudent sk11ls. Since the temperature of lee may contlonue 1o Jvop aiter
freezinp, the acrual freezing polnt cannot be dovtermined by taking 1he
temperature of the already froren ice. llowever the students can zee &
comparison between the freezlng temperatures of s¢n and fresh water by
noting that It takes longer co freeze sva walevr than tap waler. snother
indieator of diffvcence is that the cef{rigevator thermoatat needs to be
turned 19 a lower number ip erdet Lo Ireewd sel water,

Materiala.

-5z wTtnn
=dlupy werten
~FrEasET

=Jme Loy

Froblem:

Compare Lhi [(reezlng of sea water and tap waler.
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Supgested Frocedures.

The students may have ideas about how tu actack th s problem. If nat,

the following might be tried:

1, LUge a plasilc ice tray [n which each compartment 12 completely separalss
=0 that water cammot [low from one cube to another, or use two Crays.
Fut sea water In ops row of cube cempartments, filling vach cube com-
partment {o 4 different level: some Full, gome partly full, =zome
slightly filled.

Put dlflerent amounls of tap water in 8 similar vow of cube cotnpart-
mEnea.

Flace tray ln freering compartment. Hnte the "number” ar temperature
at which the frie=er 1s get. Note the tlme.

Check about every half hour io see how freezing 1s progressing in the
cubes of dliferent aizes.

Z. Studente may design their own data table, or use the fellreing:

TABLE 4. COMPARISON OF FREEZIHG OF SLa ANDF TAP WATEHR

Temperature Setting nf Refrigerator Typr af Freezer

Time 1 Suva Wiater Tap Hater
A:03 am 5& Lug;i‘gr Pu_t irte Epdesdr ru.F' watiy fuf 1nfe froazar
| 8:30 am Mo frizing j Slgt eimg shadlew b s
9100 am Mo fratzims A1) cwkas wed avar {'n'ﬁl
0:30 am

atc eLr. [

I -

1. 1l each student keeps his cwn data table, cemparlsons cam be made
betwern Lismes required for frecelag, types of refrdgerators, Lempera-
lure settings of refrigeratats, ete.
sayaral trials need to be made. See PROGEAM MANUAL on Beplications.

B what are the student conclusleons sbout the {reezing of sall wacer

comparcd wich Eap water?
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b the siudents have any expérlence about the freesing of popsicles ov
{ee rream? If nat, Chey might try Lhese. Compare these wirh the
freezing of salt and [resh water.

a. Far the format of student reports aee the PROGRAM MANLUAL.

Pynblem 4. BUDYANCY OF SEA WATER AND TAP WATER BANTE 2, 3

Incroduction.

Children having happy childhood memories of rubber dueks floating In
the bathtub and papetr saill boats on the swimuing poal may contliue Eo
indulge cheir enjoyment and curiosity here, with the sdded scilentific
aspect of making predictione and delpg bests on floallong and sinkIng
ohjects.

Eaterials.

=Gag Hgier I o Pan

-Tam wotelr in a poi

_MigaeTimmenus pmall objests, some denssp and somg lesa demae thom
Wit

froblem:

Compare floatlng and ainking of objects in sed water and Cap water.

Sugpested Procodares .

1. The problem sight be lntvaduced by asking the atudents whether a wvap
bar {loats or sinks in the hathtub, and «hy. What else Eleats or
sinka? WLl] these objects flecat or sink the same way in =ea watér and

in tap water? Sriv up ss many &budent questilons and oplnivms A3
pasaible, while giving oo sRawers. sngwers are obtained hy collecting
as many <hjects as pogsible and trying them out fuor thelr ability to
stay afloat in both sale and Ercsh watet.

Z. Allaw some time for the atudemts o collect NUmeTous objercs from
their own deaka at school or af home. ©Objects may dnclude puch irems
as wooden peacils, paper clipe, corke, pleces of wood, soap, BEPETC.
plest k¢ ruler, plnd, plascic lida, opomge, etc. Have them sort chelr
ohjecte inta two pllive:

{1} Objects they predict will fleat.
£23 Objects they predict will sink.

3. Give each small group of gtudents two pAns or jars, ane of naea water
and the orhetr of tap water in which to test thedr prediccions.
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It 1 advantageocus to work with a data table at hand, preferably of
the atudents' own devising or, Lf necessary, copied from below.

‘ TABLE 5. BUCYANCY OF SEA WATER AND FRESH WATER
; =, e

R TAP WATER
HAME ©F OBJECT SEA WATFR

Predictivn Artual Fredicbian Areual

Entyies in the columns may include such remarks z= “floats™, 'barely

floats", Mainks', "floate higher than in salt wacer”, &bc.

E. From the evidence collected above, draw together a student conclusfcn
ahout the buoyancy of sea weter versus tap water. Hopefully, thelr
sheervatlons were sufficlencly careful so that they have notad that
galt water holde objlects higher out of the water. The concluslon
might be Aatated conversely that objects sink deeper in fresh water.

6., After thias conclusicn Ee¢ reached, inventive students sight be chal-
lenged by the fnllowing additional problem.

Preblem 5. HYDROMETERS BAND 3

This probtlem challinges the atudents to make a technical Invention, a

hydrometer, based on thelr previous investigation on buayancy of sea and
fresh wacer.

Problems ;

Can you ilnvent a '"buoy"™ which will show different levels of [lwabing
in Aalt water and fresh water?

Can you uge your inventlom to test the salinity or Erveshness of
difEerent 3alt and fresh water mlxtures?
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Suggested FProcedures.

lLat the students [ry Lo anEwer the above challenge without help, at
least at flrszt. They may come up with ldeas mers Imaglnacive and juat as
effective sz the pugpestions below,

Tdea #1. Clip two standard meta] paper
clips to one end of & wooden chopstlek.
Oyap the chopstick infv a contalner af
palt warer or the clasa marine tank.

Mark the lewvel at which it breaks suzr- Ealt water
fary with watet-proof ink or A greasds tap water level merk
pencil. Then lower the same chopstick 1evel

lptuw a concalner of fresh water and mark

mark the mew lewel at which ic Eloats. T

A spob marked half way between the salt clips

and ftresh water matks milght be caneid-

erad the lewel of flavattan in & 30%

salt/freshwater selutinn.  Other per-

centaged might be determined end tested. The porous wood tends to
take up water when flrst ufed aa that it may ednk or rlsv to a differ-
et level after some soaking untll Lt reaches a saturation pelnt.

Idea #2. Clip one or two standard metal
paper cllps Lo the araser end of a
aharpened pencil, or stick a thumb-
tack I[nto the ecaser. UOae aufficdent
zlipa or weilght to fleoat the pencil
voreically with the tip aout af the
water. Mark the level of flacation
with water—proof ink ov greaze pencil,
or cut noteches inm the side.  Indicate
with oerehes or Ink the lewel of
Flotation in salt, Ervsh, and dififer-
opf peccencages aof aalt and fresh
water,

ratehis Lo
mark level

thumbtack

TIdea ¥3. Put some lead shoet (heehess) into
4 rest tuhe 4-&" high and cork ic.
Add to or subtract Erem the initial
number of ghnt 1nm order Eoc gekt the
teat tube to float wertically. FPlace marked paper
a tubher Lhand at the flotation Lewel insilde tule
or mark with grease pencil. Anather
way s ta put &2 marked measuring tapu
or paeper strkip luside the glans test
tube.

124
bt

The students may discover that tall, thin, lighc weight, tap pfeces
and telatively heawvy bottoema make the best “buoya™.

Wete: When taking readings, make sure that the hydromecer 13 floating
~lear of the sides of the tank. A distartion doe ta the meniscus will give
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an incorrect readiog.

Tel] the students chey have invented a hydrometer. They may sse &
commercial hydromerer in a pet shop ot perhaps you have cne in your class-
room.

The mecaood question of Problem 5 agka the atudents to sake a practical
applicacion of thelr invention.

4 hydrometer, either commercial or the onc the students made, placed
in a cootalper of salt walter, will flost at the level marked for salt
water. If the container holde tap watet, the hydrometer will =ink ta the
mark for fresh water. If the water is less salty than ses water, the
hydrometer will float somewhere between the two marks. How will it float
if the water ls moTe salty Lhan 3ea water?

I{ the students understand how thelr inventlon worke. they shauld be
able to figure out a4 use for it aldn. For starters, canglder the class
marine aquation and the fluld 1in a car battery.

Ferhapa L 1s time Lo have a short "vacatien"™ from writing noceback
reports.  Instcad rhere could be a display of hydromelet lpventdons with
an explanacion by the young inventors of how each particular hydrometer
warka and what it might he waed for.

Froblem 6. THE SALT CONTENT OF SEA WATER Bamps 1, 2, 3

The €vapnracion process for BAND 1 chlldren ¢an be simply a 1opk—gee
cxperience. 0Older students can be Involved im experlmental work.

Materials.

—-Heda Woter

—Filat pamg (ple tina o equivalent)

~fHomd leneea

-Heat pource (eptimuzli

-Famy fiwa mesh gepgem op oicth (oprionall

— fu—

Prablem:

Remove salt ftom 3ea water and examine the salk.

Suggesled Precedures.

1. Student prediction amd trials.

ask the ¢lass how it might be poseible te get the salt ocut of sea water.
1f the class concura that filrering through a fine screen or cloth
should wark, suppert thig "excellemt idea" and put them to work on it.
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The tfme "waated" on thls futile task pays dividends later when dia-
cugslng the characieristies of splutions.

If nu one thinks of crying to filter dissolved salt through a Eine
mesh vou might make the suggeation yourseli, nr you may prefer to akip
this "filtering" idea and po direcily icgto evaporat [om.

1f the clasa or a small group of students cames up With other ideas,
goad oT bad, fur extracting salt, try thelr ideas as far as pasailile.

2. Evapnraticm.

Hapefully someéwoe will eventually think of craporation as a means of
tecovering the salt. A hint may be necessary such as, "1 wander what
happens to dicly water left on streets and sldewalks after a3 tatn. "
The rlass response that ab lease some wi it evaporates might be ve-
joined with, "Does the dirt evaparate, top!" Since salt in sea water
iz invlzible same students may think 1t f2 not possible to evaporate
water leaving che =alt behind, The only scientific respunse to this

doubf s Eo tTy 1b ouat.
3. Set up some Aalt water evaparating pans.

Mcthod 1: Srudent ideas an how to evaparate. The student plan iz
the preferred methnd.

Method II: tut abaut & half {neh or less of aea water In {lat ple
tins or the equivalent. let atand for ene of Ewo days KO
permit evaporatiom at ragsm temperature.

Mathed I[IL:  Gently heat pans nf 2es watvr gver hot plates or o 8
stove unbil evaporatioon 13 complete.
Do 1t matber whelher the weter is slighely heated or

hrought to an active beil? Try both, and see.

Fxamine the reaidue salt orvatals with haord lenses. Wore shapes,
sizes, taste, colwr, fesl at the cryatals.

f I8

fsk the stodenls ta predict wherher ar not thuese orystals could be
redigsolved 1nto water. Redissolwe them and oote their “disappearance.”

a. BAND 7 and 7 students can repotrt in thelr oetehooks on 1he recovery,
appearance, and characteristlvs of salt crystals. fee PROGRAN MANLAL
for reporl Farmat.

Problem 7. THE QUANTTITY OF SALT LN SEA WATER BAND 1

In addition to infarmatfon chfained about sea water, this problem can
also merve as & stepping stune inte an arlthmecic lessen om propartions and
purcentages, and lead ta a discueslon or reading Yesaon about the gualities
af differcnt Aeas of the warld.
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Materlals.

=Zad wiater
-Aaporating pae fos v Probiem £)
-Hezzuring devics Thalmoe or grvzduat gd contaimerns

Froblem:

wWhat quantity of zalt 1s in sem water?

Suggested Procedure.

l.

Recall rhe method of evaporating #ea water te abtain saly (Frahlem 6.
Ask the students hew they could measure che guantity af salt per glveo
quantity of asa watvr.

IF the students hawe fdess, vse chelr procédures until they crme Eo B
polnt where ihey need to be "rvescued.™ The following Assistance may
be needed.

Measure & quantity of sea water lato an evaparating pau. llse & guan-
rtgy which will simplify calculations. Tf poselible wse ome liter, ur
st least an easily valeulated part of a liter.

Evapucate ta dryness by any of the metbads used in Problem B

HMeasure the dry zalv realdue.

Merhod L: Measure hy Volume. Pub the sall into a graduated oylinder
ar measuring spaon and take the reading in ml or teaspouns
af zalt. T™ia {s sufffcient for in-class compariszons.

Method 11: Measure by Mass., Welgh the salt in graps on a halanee,
Text book standards ere done By mass so chapalng Method T1
will 3lliw camparison with the standards.

Calculare the proporticn ot salf in gea water.

Mathod 1: By Volume, l.e., wvelume *7 =alt in A valume of watetr.

ol or Leaapoons of sale
liters ol water

= ml ot teaspeons of salt per licer

Thia can be conRidered Lhe '"~lases standard”™ for soa water.

Mathod 11: By Mass, [.e. prams of salt in grame of water. Can the
atudents Jdetermine ihbe mazs of one licer (1000 @1} of fresh wakexr? If
they weigh correctly, they will find something close tn L0y grams per
1000 ml. This is precise only for diatilled water at 4°C but the dis-
coepancy is not significant at this elementary lewl, Have the students
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round off their Eigures to this number. Then:

gramg of salt vhtained
liters af water used

grams af salt per 1000 grams (liter) of
gea waker

According to atandard caleulationa, s Wwater containad 313 grams of
palt per 1000 grams of water. Thia is exproased] as:

15  parts per LO00, or
%.5 parte per 100, or
3.3% palinity.

6. Compare student refults among L&GES made by varlcus groupd in the clays
andfor compate class tesulte with the standard of 3.9% =alinity.

This zlvea opportuniiy to discuss reasons [or discrepancies between the
¢lase resulets and the standards.

. Does the class apree thar Le measured ''standard™ sea water? What
[s scandard oes water? Ies all sea water alike? How about &ea
water from of fahore after a rain, or sca water near a river mouth?
Does rain on the ocean make a difference to the [alinity on the
orean surface? Where did che ses water used in these fesats come
from?

b. are the students willing to etand hy their calealations? Haw
many measurements {Teplicatfons) did they make? See FROGRAM
MANUOAL 1o the section an Replicatlons.

Wes there possibillty of human errwr, such &6 splllage of salt or
watetr durinmg the measuring process, or mis-reading of amounta?

I $rudents sutticient]y competent to da the calewlations in this problem

are certalnly <ld encugh te do a reputable sclence reprrt in thelr
nutebooka. See ihe PROGRAM MAKUAL on report writing.

Teacher Background Tnfarmation.

Mot £811 sra water has a salinity af precisely 2.59% althauph the [igure
varies but slightly in the open ocesns vf the world., GSea water cullected
néar shore may be less zalipne because af run-off of fresh wacers from the
land, parti¢ularly after paine. The same applies 1o gurface wateprs during
heavy raine and £o ccean water near the deltas of rivers.

Gea water used for setlLing atandards 1s taken from the Worth Sed.
Worth Atlantic and polar waters arc slightly less salime than the Facifie,
particalarly the tropical Pacifie.  Arctic surface water mav he as low as
3.3%. Meagurements in the Persian CulF £o as high 29 4.0%. Feckets of
exceadingly saline water have recently been discovered at depths in the Hed
S5ea. Students may wish Ec look up the salinity of the Great Salt Leke in
Utah, or the Dead Sea.
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(Footnote: The bailing podnts of sea water and Eresh watec differ by
less than half of ane degree centlgrade. Thiis 13 pat sufficlent Eo test
with elementary schowl thermometers. Hence the test by dlffercuces of beil-

ing preints [s omirted in this meries.)

Prohlem B, SEA WATER WEERSUS TAMTE-SALT WATER BAKT 1

Introduct iomn.

fuelng the [1rst siw problems of thls rople, the scudents examined =en
wneer 1o comparison with tap water ol dizcovered that sea watecr hed con-
siderable salt In o which co elementary students means tahle salr. Thew
karwr no ather xind. Io tkis preblem we bitn the analysis arcund to see it
putting salt and wacer hack together mgaln wlll produce seq warer.

The basts nr deciding whether or not ftuble salt + water = sea water
canalees in testing the characteclsrics of the mixture to see if it mateches
the qualitics previonaly nated for sea watve. Do 1he studencs agree Fa
this loglc?

Sali water constitutid from talile aalt I8 not sea water., Sva water
sdditienally contalns Frace elements. Sinee the trace elements are heyand
the capabilities of elementary slwdenrs Ea detect or test far, the students
will be decelved by rhelr groas ob2ervations into making &« false conclnsdon
that sea water and table-salt water areé equivalenciles.

Allawing the students to walk a primrose path te a fallacy has dts
marits. Many 2 sclemii{ic "law" aupported by all the evidenee of its cora
has been reversad by later evidence produced by o mare advanced technolagy.
The students may as well learn ot a tender age that scilence I5 3 scarch, nat
a set pE "pronfs'" or "answers," and that the search {5 all tre ofcer haodi-
capped and limited by homest hotan error and unaveicdable igoeorancoe.

Marerlals.

-5=1 Kitew

-Tap water

=Tabla aglt

-Neq pali frowm Lo Droblom B oevaperotion (or compersson)
-The gtudent-made Kpdrometop

-Rupapsral hy pang avd @guipmens oE vy Srobilen O

Frab lems :
Can yaou make fAea water by mixing tap waler aod fable galc?

1{ sa, bow? TF not, why not?

Fow van vouw cell whether or not wour Lable-sualt water 1s 1ike sen
water?

ma—-
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Procedures—in-Rrief.

-

1.

2.

3eE up a4 rationale for the experimenc,

Plan the texting procedures wich che students.
Prepare data tahles.

Mo the teste.

Have cthe atudents lacerptet che tests and draw a conclusion shout the
comparisaon of sea water with tahle-=zalt wakery.

Canelder sources of errar and pogalble Inadequacy of the class teste-
ing.

Report the fimal coo¢luaione in che notebook.

Suggested Procedures=-in=Betail.

1.

Set up a ratlonale with the atudenta for doleg an experiment oo che
sLated problem.

You might begln by gelting student opinion om the first problem gQues-
tion: Can you make sea watetr by mixing tap water and table salt?

Hopefully, the claas will ke divided In apinlon. This sets the stage
for trylpng out both points of view to see who is "right.'" Buk even If
everyone In the clgas agrees fhat 1c can [or cannot] be done, the
teacher's parry 15 still the pame, namely teo sk, "How cen you denon—
strate that yau can {or cannot) make des water {rom tap water plus
table salc?

Sume fguestions usefoel in gulding the planning might be:

-1f you do mix table salt with tap water, how will vou know whether or
naot woutr product IR the same as zea watep?

=1e there & way wa can test for sea water walng egquipment availahle in
thiz paom? (Scientists wsvally hawe Lo work with gvaillable equipment.
Substances are uswally consldered alike or at leart equivalent §f
they have the same characteriscics. S0 If the mixture to be made by
the students turne out to look like sea water, taste like aea water,
emell like zea watey, freeze like sea water, floal our home-made hydro-
meter like sea water, then it would seem to be sea water, or the equi~
valent thereaf.

fome scudents may come op wich the fdea of valng ses salt obtained from
the evaporation of sea water inatead of table zalt as the =starting aalt

wlxture., If 3o, add this ldea [for meking an additicnal mixture to see

if Ben water Is obtained.
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Lf mrwne atudents want to compace &tI31 further liquids guch as diseil-
led water, sugar waler, or whatever, add these to the test plans alsa,

Keep working at the dlscussion onill the students come to a declsien
chat the mewt walld step {8 to mix the swwfl and teat Ifs characteris-

tice to gee 1F it ivoks, Lasfes, ad accs like gea watber.

Plan the testing procedures.

1.
Plan with the students how moch table salt should be mixed with how
much water. Refer ko quantities determined in Froblem 7.
Alsu plan whe v the clasa will make which mixlures and who wil] Cest
for what.
1. Prepare 8 d¢ata table f{or recerdiag results af the tests. The studenis
should design the data tabkle, even it it takvs them some Fime toe do dt.
If they are unable to doe sa, ase che cable belaw.
TABLE &. COMPARISCON OF VARIOUS SALT SOLUTLONE AMI TalF WATER :
Testa Made Table—salt Water hea Water Tap Watur i
Appearance
Emell
Freezing I
Buaoyancy
ete, !
1 -
g Oz the tests.
Include all the factuers learned in the previous problems. Look, foecl,
smr]l, tasce, freezing, surface temsion, densfty Chydeomerer) | appear-
ance of crystals, ameunt of crystala, plus any other tests dusired.
5. Interpret the lests and Jdraw a conclusicn.

at the level o[ refiloement poasible im an vlementary sel-up, che cablte-
aalt water {if mwade In thv proportien af 3% g of salt per liter of
wateey, wlll malcl the sea water inm every visible gross characteriasric.
Thus the conclusion, from the lewvel of reating possible herve, can
legitimately be that cable—salt water and ses water are agulyolent.

This concluslon, Logecher with reasons and test céseles showld care-
faally he reecorded in the notvbook repaorc.
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Consider poseible Rources »f errar.

Firat of 411, have we made any human ©rrovs guch #% mis-measurements,
eraporating under differvent conditiona, using different Lemparature
refrigeracors, doing fasufficlent replications?

Secondly, coneider the possibflity thai there are gtill other reabs or
1111 other contents Iin sea water which we have nat aceognkted for.  Fob
exanple, on the side af the salt box 1t says "fodized" ar "nan-lodized™.
what 1g 1odized 2alt? Is sea water lodized? How can we e:lf, ar can
we, since we do nrot have an elementary class Lest for indine?

im the slde af the brine sahrimp egg bottle where it glwea directions
ghout hatching btine shrimp 1t says oot Lo use [edized gale. This
would serm oo indircate that brine ahrimp do not tolerate lodine. Slace
brine shrimp can live in $&a water, dues this mean there [s ba lodioc
in =pa water? Are Lhete perhaps other things hesides indine In, ov
nut in, Bes wacer?

Ve see here thal the problem has gotten too blg for us. We da not
have the skills or the facilities to test for lodime and ather thinps.
Soienriara aleo s¢ometimes come to Buch an impasae.

We now hawe two chelees:
Choice 1.

Whan scientists caonot do tests Lhem=selves, they sometimes aeek the
felp of other sclentlste whoe van provide informatlom to them. {an we
find out Frem the "lirepacure' if swme other svlentists besidea our-
selwves have tested sea water and table-salc water? We could try the
encyclopedia, or books ahout occanagraphy in the library. (The refer-
¢nce tahle below is for the teacher's use ooly.}

Afrer consulting the “literature,” the students may be able bo write
in thelr ceports that =uch and swveh an guther reports addicional ele-
ments In sea water which coulld nat be rested fer Lo the classcoot.

Cholce 92,

What dn scientists do when they lack the rechnology and even rhe refer-
enres to get 4 job dome? For examrle, what did acientists say about

the supface of the moon befoure they had che ability ta go there? What
do scdentisgd say abour OF0's and rhe Loch Ness manetvr!  Te such cases,
gelentiats do che best they can with what evidence they have, pending
the day That they can learn more.

The same applies to us. We can be true sclentiste by SCating, "as fat
s out teating ablliity permits, our ecaiperiment shows that cabkle-salt
water iz . . ." Then we must keep an open mipd to some day finding
out more ahout 1t, perhaps even finding out that outr first canelusion
1a in error.
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T, Fepurt che {leal cenclusion in the notebook.

Besides the knowledge galined aboul sea walec, perhaps the most icpar-
Fant lessen the students can leapn from this problem is thal soclence
{5 a resting oi ideas, not necessarily s tinding of answers, and thar
rentative answers are subject to revislon upon the unfoldingy of new
evidence.

Teacher Background Tonfermatian.

The follpwlng Llonformal ton is cxcerpted cnlefly Eruom a paperback hy
Warcpen E. Tasap, 1965, OCEANOUGEAPHY, Holt, Rinehari, and Winsion, Ioo., MNoew
Tork.

The salts in Eeas water are combinations of many clements, the chiaef
gatr being solium chlacilde which 13 crdinary table sale. The Total salts
in ges water, om the average, Aamount lu 15 prams per 1000 prams ot mea
water. By confrast, average drinking water also conrain® numerons ETSCU
zalts ta i level of abaut 0.05% patbs pec 1000,

0f che 35 parts per thousand of salbt 1o sén water, abwait 4.5 parcs
are sodium chloride or ordinary takle selt. The remaining 1.5 parca per
1000 inclnde meny elements, smong them uranivm, copper, alunilsum, manganese,
sIlver, gold, and many others.

Tadine {n brace amounts {0.0075 parts per milllom ar D.OGOON035 parts
per 1000} 1in Bea wiCer 16 muore EDnceanﬂtEd in certain sva Wesed and spanpgER.

The warning [n brine shrimp egg hacching to avold use of iodized salt
{3 a marter of voncentcation. Lodine, like wery many nther ¢lemants and
coppounds, cen be harmtol al some concentrations and either a benofloial
deng ar even a faod ar acher concenErations. For cxample, total lack oi
1gdine 1o human belsgs produces goiter.

e —— pa— - - |

TARLE 7. THE 10 M03T COMMUN ELEMENTS WHICH MAKE NP THE 3ALTS TH SE& WATHR

l— —

Elemunl Parts petr Thoasund
Chlorine [C1) 18._38
Sodiom {¥a) 10, 38
Magnesium {Mg) 1.24
Sulphur (5} b.aa
Calcium {Cal 0. 40
Porasalum (LK) .38
Rromioye (BT g.0685
Carbon {C) 028
Strontium {3T) (.013
Boroon {B) 0. as
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14. BEYOND REEF AND SHORE: THE DEEP OCEAN

lptroduction-

As the ticle oi this bock fmpligs, Lt contains inveatipatbions which cen-
tet omn shorellpes and waters ol axcoeding wading depth. Shareline toples
alane 4re ample Lo keep studenra fand many scienciats] well poeupled far
yeard.

Beynd ihe shoreline and the Teef Yles a tremendous sceal af glpantic
praperiions and teeming 11fe whiich cannot be igpored in the educaticn af
cnildren simply because it cannok b¢ reached. If elementary children camot
bake a Field trip Lu the boctom nf rhe sea, The bottom of the woa Musl come
inta theitr classtraom,.

Thesr ocegan actlvltbies are deaigned to lpcTeast the scudenia' awarenses
af! :
the wariely ot ocean life,

different animals whilch liwve at difterent levels in the ocean,

wome pf che physical Eactors which fore the envitonment and hawve
and effect no ocean anksmals and on Man,

adaptation oi amlmals (o the environments in which they live.

Meterials Needed For luvestipabtion of the Oeean.

In this scudy ©f the ocean, books, picrures, Eilms, and alides must
taky the place of liviag anlmals. Wevertheless the invesrigativns can he
az teuly activity-ariented 8 expecfments tnvolving live anlmals ip clde
poala and classrodm Fanbks .

There is na one teconmended reference far inweatigating wcvean life. The
class needs to work with as many books, pietures, slldes, and ariifacts as
possible.  The areaier the aelecrion, The more TesuUrCes the children can
LIRE.

Mazt children have a wealth of materials ab home which they may ofF Tay
not knmow they hawve. Many parents have purcnaded nnature" hooks and sece af
ancyclopedias which include wvolumes wb Ehe ccean and sed 1ife. Matiomal
Gerograpnics are helpful and are frequently found in homes as wiell as 1n
libraries. Many pepular hooks have heen published sbeut thue ocean and ocean
1ife for Hawaii and similar areas, DOSL of them with breathtaking phocographs
af ocean animals. TE every child bringe I[n a boak or tWo from home ar the
1library, Lhe classToom will soon have an excellent reference llurary to he
sharad hy gll the children during this ccean stwiy. Be surw the child"s

*This =zection on Ehe ccean wal developed, classrooi tested, and
joitially writtem hy Derathy Ruddemelar,
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pame and pliose pumber 1s written in every baock brought from home. For
shared lihrary bouvks, put the child's name in the card pocketl .

Luak alao I[nto possibltities for horrowing or renting auwdio visual
materisls. Films cac be rented or borrowed from the MOE, publisc lihrary,
University of Hawali, and nthers. Filwms, filmatrips and slides can be
rented From commercial and service compsnies. Touelst hrochures are ugually
Frer.  This Mature Study Project is coerrently preparing a master Set af
alides For REEF AKD SHORE teachars Eo bortow of copy.

in addition to pletures, primced references, and films, mezc of the
arilvities in thia section require:

-Papir of many caloras, sizes, and fextures [or sculptlng animals

-4 long rell of butcher paper of the equivalent

—Coloring media fueh as poster paints, wWater color, crayomd, pastels,
or what vver 1s cusiemarily inm uae in the glven scheal or gradi- level

—i:lug, scisscrs, tape

—& reel of fipe mompfllament nvlon Eishllne for haagiog "fish'" from
ceiling, walls, and in buxes

—Cardboard containers of wvarkeus sizes as indicated 1o the speciiic
acrtlwvities

Scope, b the Acrivibies.

No one teacher or vlaess will vither want, ar be able, to do all the
activities describoed here.  Some are overlapping in content tow give &
variery of appreaches to the same topic from which a teacher may choose the
most desirahle. An avtilvity suggested here may trlgpzer eithet teacher or
srwlenta tp 3 further iden which can domlmo to further and further actlwi-
tiea. This i the excltement of being creativa.

Some toplcs are mare appealing to the younz, others ig alder students.
Agaln the teacher must declde which toplcs Ea initlate, based on the studenea!
interest and ability levels, The eche sounding accivities fovalving my thema—-
tleg and graphing are definieely fov wore mature elvmentary classea.

For each problem or activity presented for student ennsidecarion, a few
paragraphs of backpround {information are given for the teacher. The back-
ground ia helpful in guiding the firat &:oawes of the activiey. Books and
rafarences which the students bring in will spon exieed in breadth and Jdepth
the potes glven here. By rhat time che ptudents will be on their way and
wo lemger b so dependent on speclal guldance from the tearcher's store of
knowlndze. They can begln to report bto the teacher amd thelr clasamates
the additional informacien they have discovered.
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Niih't 3 THE BOTTOM

r

Eventually the students will be put to work examining all three “layers”
aof pcgar.  Students seem to flod 10 moab exciting to begin with the most
exatlc layer: the bentho=.

The word becthes has two usages, Benthos refers to the barrom of che
ceean a6 a place, wheteher that bottom 1s the bottom of a tide pool, a ven-
tinental ahelf, or the hobtem of che deep abyss. SBecoadly, benthos may refer
te an animal or plant which llves on the bottom.

tenthle animals ioclude all the bottom-livipg tide pool animalzs atudded
in previaus foplca plus all thase which Jive on che deep ocean {loor. Some
benthos are swimmers or walkers such as brittle stars and clama, and can
meve around in search of foad. Others, llke coral and orstecs, are fixed in
oy place and depend on pcean currente or food drifting down for chely aur—

wlival .

1
Act[vity:

Make 8 mural of 8 benthos community. .

Supgested Provedures.

hsk che studeats 1f they chiok life exists on the oececan bottom. If sa,
vwhat kind? Explain the term benthos. Ask them haow many henthile anlmal=s
they already know From Chelr work Lln the lde pools. Ger a flow of books
and pictures coming into the clageracm for furcher references.

Unroll 2 long sheet of heavy paper the length of the clagsracm.  Move
the deska aside 3o the scwdents can wotk on the floor,  Benthos live on the
ocean floor, =o why nat create s benthos comounity an the clagsraom Eloor?
One eod ol the paper could accommodate aniwmals [iving in shallow water, the
other end deep ocean animala.

HBave the children browse through the meny veference hooka they hring
In and shaecv in search of benthes. (Quite a bit of Iincidental learning taken
Place through such retaxed hrowaing. Bise on the board rhe beathes they
srlect to put Llnlo their mural. Esch child may choose to make one, two, or
even three benthas. Alm far wvarlety rather than too mouch doplicatian.

The assipnment iq:
1. Draw apd colar your chogsen benthos=.

2z Leatrn as much a= vou can about wour animals, the dnfarmation to he
shared later with the class.
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3. Arrange vour snimsls in a benthie commualey an the mural, placing
those next o ane another which vrelate in some Way.

students should heve a pleture of thelr benthus s front of them as
they work in order tv make the most accubate drawing possible. It {o best
to draw in pencil firse, then (111 in with crayune, pens, or paint, Think
BIG, and lock for DETAILS!  Consider how gach amimal's shape, cnlor, or
alre helgs him fo survive. What does he eat? What esbs him?

Remind thy srudents that there 8 a ditference bebwean an artistlc
srtoduct jom and a sclentific Jdrawlng although elther cne does notl cxelude
the other. & sclentiat pays close artention ta detall aod accuracy.

Yot all the children mey be able boe wark on the big paper at the same
Eime. Theae wizshing to work abt their desks may deaw benthos on paper the
anlor of the anlmals chasen or on white paper and celer Lt appropriately.
Fill in as mncl detsil as possihle hefare coctiog oub and pasting 1o ob the
mialn muaral.

Some animala such as sea uwrchins are very difMlcult to cut out aomd
need 1o be dravm directly oo che large papet.

b5 rach beothos L5 adiled, 1dentify it by writing its name, whether
romben, scientifiec, o Hawalian, or all chree, near the plant or snimsl.

children tend ta draw their benthos on the "batiom' edge of the paper
because benthes are bottom dwellers. To gain perspective, have (he stu-
dents atand on chalrs and look sttajght down to the [leor. Thaer see a
whole "area™ of floor as Fhe bottom.

Fill in the spaces hetween the beathas te look like an fcean tloor,
Glue om or draw papar rocks, sprnd, 1imu, etc., perhaps adding arrows To
ndicate relationships., Peasible guestiions Lo rTaise durliog 'he finishing
atages of the mutral:

-How [s eoch henthos designed to protect lrself?

—Hpw dnes the animal's shape, color, outer layer, special devices,
gueh az sucliom cup feet, aild in the animal’s swrweiwval?

~What do rhey =at?

-Hw da they eac?

-What happens te an overpapalation of one kind of benthaz?

-What happuns To an underpopulation?

-Tf the ccpan envirenmenrt changes suddeniy, which benthos de you think

wiuld hawve the greareab chance of sovviving?  Why?

The completed mural way he hung on the wall or in Lhe hallway for all
tor admire amd learn from.



#ha Hawaill Watunre Study Froject
Bec{ and Shore

THE SWIMMERS

Mekion are animals chat awle iveely 1o ocean water. MNekban are found
at all depths wf the pcean: 3durface, middle, and dueep down.  Nekten are
all sizes and shapes. Wektan are s¢3 mammals, fish, and non-[iah. Mekton
are the swimmers of the ocean.

[his activily 1 designed to stimulate the student's observational
akil1ls by paying close ateention te details aof shape, sige, cowlor, and
design., By hanging undersea anlmals from {the ceiling, the lighe Eixtures
(Ff permitied), and walls, the children can pet the feeling wf Jiving In
the 14,

Aetivity:

Let's make our clasarocom infto the ocean!
'
L.

fuppested Procedures.

wocking singly or in small groups the chilldren can lank thraugh
coference bouks until they find a nekron thay would 1ike to make. Have a
sign-up sheet to avold an overpopulation of sharks! Students may wlsh bo
work topether Lo produce a scheol of {ish.

Stwlentas can begln werk by drawing an outllne of thelr oekton as
large as feazlble on a sheel o7 paper. Be sure each srudent has & reference
bagk Iin [reoat of him as he works to ocbtain 85 much accuracy A% posaible,

Cllp o sheet of paper behind the drawing so cthat when the outlinge of
the anlmal fs out aut, €wo identical shapes are obtalned. The fuatures camn
then be Filled in and colered on both papers 1o form right and left siden
of the animal. Fwcourage stwdents to ipclede all dewatlla. Ask: TIf this
is a fish, where are the fima located? The gillls? Ddd you remember Lo
deaw the scales? What speolal detalils does your anitat hawve thal makes 1L
different from the others?

Staple the two usldes af the {ish together 1n several places around the
margin. The animal can then be atuffed with crumpled paper and the last
openlng stapled abut.

Be aure to put the name of rhe animal on bath gides aa that othetrs
will bhe &ble ro identify ir, toa. [L would alse be olce bo include the
aame of the "selentiei” who drew the £ish.

Bun lwine, or nylan monofilament {nearly invisible) through two places
in the top of the animal and hang it from the ceilinp or along che walls,
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Hang the animals according to Lhe depth of thelr natural habitat im
the ocean. The children ma¥ wish to hang schoola af the same Flsh Lagether.
Invite the neighbora to come and have the "ocesn' explained to them In
"grientif{le" rerma by the dcudenta.

Teacher Background Information For, the Nexb Several Topics.

We can thiok of che ccean as dlvided roughly, and unevenly, into
three horironbcal layers.

The uppec layer, cailed the photic layer, reaches to a deplh of abouk
GO0 feet. The upper layer:

-1a penetrated by sunlight of decreasing intenslty with lncreasing
depth;

~has generally warmee Cemparatures becawse of sunlight peperracion,
although temperatures in the wpper layer abe greab]y warlsble.
{Surfarewaters at the poled may be below freszing while Lhese 1a the
traplcs may ke TO°F ar warmer.}:

-hae plant 1ife because of the presence of sualighty
—has abundant animal lifv because of the abundance of plant food;

-haa plapkton, which are the '"driftcrs” of the pcean censisting of
very vmall plants end animals which move with the currents;

-has many aod wvaried curreasta driven by wind, waves, and other differ-
entinls;

=contains o¥ygen churned in by the waves.

The middle laver, called the thermociine, 182 & zZone of rapld change.
It wvaries from L2000 re 3000 feet in thickemesa. The thermocline has:

~dim twillght rvanging intc darkmessg

-rapidly decreasing temperatures, From which it gets los name;

—inrtreasing pressures;

=few or ma currents or churning:

-no plants;

-radured animal lifs.

Think of the nelkton dwelling in the thermocline as living In a well

defiged zane which has no physical buundaries. It 1s a water world sur-
taunded by watet no the top, bottom, and all sides.

The deep laver, the abyss, ls hy far the thicvkest layer, ranglng from
the thepsocline to the bottom, or beathos. The gbyssal water has:

—na J1lght;

—rphagbant cold:
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=gragt preggures;
=yery little movement:
-no jplante;

=animals adapted to finding theit way around e fotal darkwess and
scrounging [or Fond dropped dowm as detritus or dead bodies Erom the
two upper layere.

Marine 1ife which survives in the bottocw laver has had Lo adapt to
greak cold, extremely high pressurcen, and a scarcity af food.

Because of the blackness in which they l{ve, many animale hawve
exceptionally large eves, ar carry their own lights, coming {rom cells
ralled photophores. The light helps the fish ot invertehrate to huent for
food andfeoc wearch Ffor mates. Each apimal has its ocwn peculiar pattetn of
lizhEa.

Due to the scarcity of food, most marvioe life at that depth 1z small.
Every deep—sea animal {5 elther a =cavenger or a predator. The scavenger
depends an hila ford floating down from above. Many have huge mouths which
are ghaped upward to catch anyrhing availahle. Orhers have razor—sharp
tecth and auvperlarge ijsws which can open teo cdalch prey much larger than
themselves.

Students seem to take specizl delight in studying these ''monsters of
the deen”. Thelr scrange shapes and glowing bodies are fun for the chil-
dren Eo TECreate.

ovlun __
manotilament

slalfod
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4Y OCEAN MOVIE

Thiz activity, like the ones preceding and following, is Entended 1o
glwe the ahildrem a feel tor the major layers of the ooean and for the 1ife
they contain.

Accdvicy: '

Pretend we are [n a subsaring with a parthale for viewing life

[n the acean. We are an 2 vovage to the boltom of 1he gea.  Moke
a movie of the animel LLE¢ as [r swimd hy ar as we pass it on our
way down te Lhe hotbom. J

Suppestad Procedures.

(htailn a roll of adding wmachine paper zeveral inches wide to serve as
the "f1lm"™, or work with g vall af butcher paper stretched the length af
Tha: voam.

Have the children make up & titlie for the [§1m and put 1E at the top.
Dapths of the oscean peml £ ba indieated on the paper at successluve pafnbs.

Ditterent groups of chlldren can work an different sections. The
[1lm «an be made in different portione and then "ediled" into a cooplete
movie. Each frame of Lhe movie can he made hy drawing directly onioe the
paper ar by makiopg animals on colored paper amd ithen pasting them on at
Appropriate places.

e group of students might researeh the depths to which 1lght rraches
in tlwe acean gnd oolor the background filw accordlingly:  very pale blue at
the beaginoing of the mevic fo lodicace sunlit waters asnd deeper blues down
re hlack Lo the depths=.

Some students may work on pufting in captions or marker: ai appropri-
ate levels 1o indfcate temperaturea, pressures, and othet chonges on the
vay down., Be gure to label all animal Life for geasy {dencificatiom.

Students who are working oo animal 1 fe coan include fish, mammals,
{ell¥Eish, sguid, planktion, schoela of fish, =els, prewny, rlecp Sed cuComs
ber, sharks. . .everthing! Also perhaps wne animal eating another Eor
purvival. The children way wish to include or drematize the faportance of
fugd [{both plant and animal) aifting down from fhe top layers and Einally
reaching the black depths healow. Many deep ses animals have luminescent
light argana which "glow"™ in the blackpoess.  The grudents cnould use aluminum
foil or special glow-type papet oo chelr animals to create a lumlnegcent
elfect.

Srudentz may wish to nmarrate thele film on 4 tape recorder and show
their movie to other clas3es.
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SHOE BOX STTLL-LIFE DEAMAS

Compaalng 3-I acenes 1n shoe boxes fascinated children a gencraticn
ago. fTreating shoe box still-life dramas viewed through a "pin hole™ or
"peep hele" have wot lose fhelr chare and ehallenge far moders youngstecs.

The purpase here, as waual, 18 to get Lhe =tudents to delve 1nke g
carcful study of the ocean and ite contents,

Aetlwity:

Hake ghee bhon stf111-1ife deamas, cach for a d1fferent laver ore
difterent situation in the occean.

Fugpested Procediures,

The students may wlsh to work in groups, fwo ot Chicee op cach shoe
box. Helghboring pgroupe may work on ehoe baxea depicting nelghboring acenes.
Have the students thorowghly research what willi go into Lheir bex suw chat
glzea within any ane hox wil] he 1o proportion, and placement af the Figures
w1ll reflect actusl relaticaships in the ses.

For thw asslstance of teachers whese youth does por reach back to the
daya of shee hox ar1ll-11fea, a alhoe hox show 1o 3=-D ds made as follmes.

YVIEW WITH COVER 1N

skylights vt bluae
el Tophaoe ar
tear of Sox

Frant af hox
Buepl durk,
e windows

TOP WIEW LOOKTMG DOWH INT
BOX WITH COVER REMOVED

Lo clifls, riecks, BEe . painted banck-
hzle placad Like slde o drop scene
vings on A
SLARE

animils
ploced 2zt
Stratwpic fSymts
in rrar ~f box;
smaller animals
in {rone

peep nole
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It rcakes clever wanipulating, 2 gense of propertion and placement, and
houts of absorbing labor to get the animals and rocks into the show so that
sach ome ls Seen im a pleasing ¥1F arrangement teplicating real-11Fe rela-

Lionabipa.

DEEF OCEAN FIELTN TRIPS

Turing the study ol ocean topics may be a guod time to schedule a
field trip to Sea LEife Park. all ahead [or special schwol Eour arranges
menrs and tour gulde. Prepare the atuwdents for careful observation of the

huge reel rank.

The Waikiki aquarium has dlsplay tanks which show fi1gh and other orean
anlmals mot vislbkle to the students during field Lripa to the beach. See
the toplc on Walkiki Aquarium at the beginning nf this book [or arrange-

ments and posaibilities.

CARDBOARD KEFRTGERATOR DOX

This proup project is deaipgned to be used 1o several ways. YOULNEST
¢hildren van insert rhemaelves physically inta a big box to create an aware-
ness of the deep ocean and its 1ife. For older siudents the box draws
Fegether ip one package a study of all three levels of acean plus burl bom

topagraphy.

Materials.

-4 very large sppliance box guch za tHCRe uaed or ongting re Mrigema-
fore or tha equidvelent,

_the wgual oseon raferenze booka, painla, PIper, gine, 2a jor Gie
athen coeon prcdectd

Acclwitw:

¥ou are a group ol famous poeanographers. Yoau hiawe been asked 1o
duplicate & certaln area fn the Farlfir CGcean, recreating all the
nrean Life found there from the gurface to the bottem depths.
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gupzested FrqggﬂurEﬂ.

Divide the students into wuerking groups: ocean techoicians, physical
oceanogcapherd, and marioe hiologists.

The ocean Fechnictons prepare the box, setting it np sturdily, and
painting it inside and ocut. ‘The upper porLlen of Ethe inside can ke made
very pale blue ko repeosent sunlit walers, with graduvzt ing shades down to
Liack at the bottom. They mighlt use crumpled paper, tape, or paplet mache
to croeare an ocean boettom with ridges, basins, trenches, and seamcunts,
sach matkhed and {dentifiad.

The job of the physical cceanographers is to research thy way Elhe bBox
can be dlvided inse three layers. Mark ihe approximate depths either 1oside
ot oo ehe autside of the hox., It mav be a pood idea Eo exaggarate tno
width of the nupper layer to acoommodate the abundant animal 1ife to he
placed in it, while telescaoping the borctom layetr Intue A4 Eection mach nat-—
rower than in the actual cecan. n the other hand, it 19 of {pstructional
value £0 keep the layers in scala to thelr actual depths to give a viswali-
zation of the proportional sises of layera in the real ocean. Poerbaps two
bores atre needed! One done in seale and che cther shewlng an exaggeratod
tap laver of ceovan-

FOOD Sl
PAMEL
]
YRESSLEZEE ANTMAL
TEMEY LIGFR
PAMEL f EsMEL

g

anlmals hanging

at apprapriate
levels

INSITE OF CARDBOARD EQX
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The side flaps and the outsides of the box can he waed to add informa-
tfon om the physical characteristics of the ocean. Fer example, one flap
of the bax rould display a chart showing temperature and pressure changes
at descending depths. Another flap or slde might show the wariaus depths
which have heen explored by man Lln divieg suit, diviong bell, submarime, the
Trieste, and orher methods.

’______‘--"""H'—"

|
DIVTHG ,_Ehwther pacd s
DEPTHSA co 1nclude
FANEL additinnal
suljects
chosen by
students

N

OUTSIDE COF CARDBOARD BOX

Wnile the techniciens are preparing the box, the marine biclogists can
look through ccean teference booka for animals they will choose to make.
Belarlve sizes of the animals should be coneidered and agreed wpon. Encou-
tage as much diversity as possible. Remember to include net anly Eish but
oceafl mammals and lnvertebrates. A moraitorium tay have to be called on the
pumber of sharks to be displayed to prevent the whole ocean from becomlng

ohark haven!

keproduce the animale by stufflng crumpled paper between fwa matchlng
gstdes as dedcribed In the activity for “The cwimmers". Keep attenllan of
the students forused on sclentific detall with comments guch a3 the follow-

ing:

=Notice the shape of the anlsal. Reproduce the fins carefully.
Scales? Speclal Color?

—Does the E1sh have @ latersl lioe?
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-Wwhera are the eyes positioned?

—Take careful note of the shape of the mouth. How 1= thls imporeant
te the sorviwvel of the animal?

—what other featurcs docs the animal have for survival in the depth
at which {t I{s llvibg?

sty each awimming animal at its appropriate deprh by oylon flpes hung
from the ceiling of the box. Thread the llne an a needle ard poke the
needle wp through the Eop of the box, thes dowm agalp 1n another spot, tylg

It aecurelyr,

Resides wriling the name of the animal on both =sides of 1t, a legend
could by develaped oo one suralde part of the box telling some apecial
feacure about vach animal, as well as ite researeh artist's noape. The
bioluglsta might use a partion of the outside ofF the box to poreray a fowl
wek, 1indicating wha eats whom smong the animals "swimming™ fostde the box.

THE FOOD CHAIN . . .
WHO EATS WHOM ?

@p

Flaokton

Copeprd

Smelct

T
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OCEAN ART

Art, or al least ﬁ _ ;
scientiffv draftsmanshin, At fr
i the medium of expressico

in maet of the activitles
of thig study of Lhe ocean.

This pape repraduces
an artistic expression of a
student wha portraved ple-
turially man's comuest of
the deep. The praportions
ary pat precise bul che
information ks carrect.

Gl Lo
Wl LTI Sul:marinss

o
v

This and similsr occan 5?
Learning diaplays can he iy g
nsed as 3 =lde an the relei- U
geratnt box or can hecoma LRI Tt L &

hulletin board presentat]oms
wf chelr owm dewelaped by
gtudents.

RNOO Tt

4 000 Tz
Deepstar

IR LR

39,000 te

Trieste
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AOUNDIRG BY STRINGS

In the days before echo scunding, sallars relied on a lomg tape with &
waight oo the end iv measure the depch of water. The rope had knots tied at
regular intervals, which were abaut the lengen oF a gallor's outstrecched
arms . . . aix Feet. This six-foot length was called o fatham. The rope
was Fhrown overboard and the numbetr of koots cownted indicated the depth of
the water. Many navigativeal charece are 5f11l matked in {fachaus although
coday the fathom has been largely replaced by metrle messurement.

Maps of land areas are caltled maps. Mapa of ooean areas arv called
charts. Finding the depth oF the ocean by srrimga or by cchoes or by any
other method is called dounding.

Materiala.
-Strimg morked aw one-inch {nteriala with o welght ao tie lewser and

-Ortd papar
-Tomg Atiok with myrka ot every four inchas

Setdwily:

Chaer the battom of an "oeean £loor™ uaing the old-tazhivned method
af maunding wlth a konotted twine.

Suggeated Frevedures.

Greate B rugged “ocean bottom' Erom hooka, bexes, buckets, ebe. with ao
Macean™ above 1t delineated by desks and tables as shown in the dlagram
below. The shorelines oo borth sides of the ocesn are the rwo facing edges
of the desks,

Flace twa atrips vl masking tape alung both shorelines, i.e. the adges
of the desks, and mark chem at two-inch intervals (or lunger intervals if
you chooscl. Theas peoints serve ag "ports ef arrvival and departure' for the
ghlp which will sail acerdas the ococan.

ER G
Prepare the marklng string as follows. [] hald

Nlae a length of covd or twine about six
inches langer than the di=tance from rhe
top of the deaks te the Floaor. (This is

the depth of the acean.} Ei;jmrhﬁ

Tie a flshing weipht vr rock to the
bottem eod of the steiog. MARKED
STRING

With a marking pen, mark the siring
ac cne-ipch fntervals aleneg ita entdre

./'..'r—:ight
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lengih. Each mark on Ehe string can rePreasent a cerlaln number of fathoms or
feet or meters a% the clase decldes. {1 fathom = A feet or 1.683 moters)

Frapare a yardstick, or other loang atick marked at Eour=inch imtvrwvals
ta reach across the Tocesn hetween the deska.

72

Fugged ocean bottom created by a jumble of large items,
Dz,
Studenis dedks or tables serving as shorelines of the wcean.

Masking tape marked at two—inch intervals and labeled ¥olnts A, B,
¢, etc. to indlcate peints of arcival sod departure of the ship.

Stdck lakd avross the surface of the ocean La goide the passage
arrues Ehe water. Polnta L, M, ¥, 0, etc. are four inches apare
and from each of these pelnig a depth sounding {2 Esken.

® © 000

String matrked at one-Inch dntervals and welghted at the end, umed
{rv measure the d]stance from the ship ab the surlace of the vovan
dowvn to Lhe lrvegular acean floor.

Begin work hy laying the stick between the two desgks froem A Eo A, The
stlck repre=ents the ship's course acrods the ocram. Nrop the stcing from



Hawail Mature Study Frajeact 259
keef and share

point L and caunt bow wmany inches or marks Lt goes down until it touchrs the
[t{rat sbstacle an the bottom. Hecard this distance on graph a-d. See
diagram bulow.

Muve the string Lo point M oand agaln count how many netehes it goes down
ta rhe bettom. Mark this on the graph and sp on across the entloe Tocean
untii the otfher "share' lLs reached.

LRCTIEY

DEFTH 1H

OAEAPH A-A,
| byl b L i n k

ih

= Makir ome graph for sach passapge
iz acrnas the neeon. This sample
" araph shows Boundings made when
Zil

Lhe sclick was latd hetween ports
I 5 Aok, Ax 1he string was dropped
Lk frem points L, M, ¥, 17, Bto.,
che distance Fo the hobeom =

134 marked at the correspoandiog

- lace on the graph.

b Jr ~ .

| ‘.;‘ F-.._‘

i ; .

T4 .'Lr "'-."'

I‘ll_..-'
' 1 -
- & 1 f*.-—
1 -
2 L
o
Tred mpaece ledr for falding under

Thias completes Graph A-AL

Now hepin anoLher graph paper up record scundings baken as the: ship
smowes trom porte B ta B, Mowve che vardstlek O span the dl stonce hetween
points % and B, Drop the string Lln lurn frem pofnts 1, ¥, W, ete., maasur-
ing how many inehes to the burcom from each puloc.  Mark Graph B-B for each
somrnding .,

fHOTE: This method of sounding depths préesents an cpportundcy to dis-
cuss Samuel Glemen's pop name, Mark Twaln. What might the command "mark
twaln'" mean to a sailay on board a depth acunding ship?)

tanil che ship accuss the ccean {rom ports C to [, D ea D, etec., drawing
grapha C-C, D=1, etc. for cach pasasape.
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fonnect the sounding depthe on each graph to glve a "zilhourtre” of the
shape of the ocean bottom for each set of mathkings.

Mext, citit each graph with a scizsors along the silhouette or contour
line. &ave the battom part of the gragph.

Glue the bortom of Graph A-& to a plece of cardhoard so that it stands
up. Two inches behind it, glue the battom contbolr of Graph B-B ao that ir
atands up, and ec on. The bottom aof the ocean is repraoduced by the serics
of standing graph=s.

Graph A-4 is cut oot along rhe comtour
line and glwed =o that it atands wp-
right. Graph B-% i3 cut ouwt =nd pasted
te stand up hehind it, and o on. The
result shows the egntour of the acean
borEtom.

SPECIAL CHALLENGE. Have one team set up an occan bottam and put a
dark cloth all around it so the shape of the bortom canmuet he geen. Another
feam comeés to sound the depths, raking measurements by "fael"™ of when the
welghted string skrikes battiom. After they have completed all ot thely
qoundings and made thelr paper replica of the boteom, take the cloth away
ond smee how well their replica depicts the "real™ hottom.

From this actlvity the students might move on fa 2 ptudy of the topo-—
graphy of the ocean buttrm and learn about see mounks, dceandc mountain
ranges, and other {eatures. They might alac go on to learn abaub more modern
gerhods of seunding ocean depths.

SMTC WAVE DEPTH RECOREDIMG

In the previcus problem, the students “sounded" che gcean bottom by
dropping a macked cord, as was done lo days of yore. Modern technology
"eounds” by tlming bow long it takes an electronle beep Eo reach the coeab
£toor and be reftecred back. The following problem develops the busie ldea
that travel to and from 8 descination can be used as A EEASUIE nf distamece.
The "traweler”, in this case, iz not a sound wave but a [ead of stwlents
Jogzing to and from a given poinot.

At the end of thila actlyity, studemts will not be qualified 86 crew
members aboard an occaosngraphic weasel, bur they may have a general idea of
the basie principle involwed 1n sonic depth recordiog.
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Penblem 1. 'TTME 45 & MEASURE OF DSTANCE BAMDS &, 3
Materisls.

witop watek op watoh QLR sween Aecond hand
_Mcter o ward atick to Loy base Iine

Froblem:
How cap time be wvsed aA a measuce of distance?

Can distance to the acean floor be measurted by thise method? I

Snggesred Procedure.

This activlty can he done hy Leams pi atudents wurking sepatatefy. 1F
canm alse be dane by the class as a whaole with & few members serving as the
joggera while vihers time the action and do the caleularions.

1. Maagure off a distance in the schoul yard bto serye a3 A base line, B.g-
20 ar 0 meters.

2. Have seweral children, the "“vcho sounders”, 1lnk arms and jo back and
forth over the base lipe several times at &Bn even pace. A team with
linked atms tends to keep a steadler pace than o Tone runner.

1. falculute the average cime it takes che joggers ©a cover the knowvn dia-
tance. This Is their rate of speed, o.g. M meters in LD seconds cal-
culates qub to be three metars per second.

4. Selecl an ohject of wnkaown distance, =2.g. 8 Lree al the far side uf the
rampusd bub withio visual distaoce of the group.e In thiy cas=e the treec
represents the pcran bobram.

5. Have the "acha soundera™ jog to the selected obiect and back once, while
the wchers tioe thelr performance.

E. Nivide the rime hy two. BRlscosa with the stodents why the clame da
halwed. (The jopgers ~aver the distance twice, jusc as & sound wave
from 8 ship gres to the boftom and then retarns, covering che diatance
Ewloe. }

T. faleculate the distance by mulriplyilng the ratle of speed by the time Lt
took to cover the distance one way, ¢.x. 1F the joggers toak 30 secoods
to make the round irip to the treée, then 23 + 2 = 13 seconds to go one
way. L5 secenda x 3 meters per secomd =~ 43 meturs, the distance to the
LCEE.
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g. Ddacues with the studentas how a sound wave sent [rom a ship to the bob=
tom of the acean and back ie like a jogger zolog to the tres and back.
[f we kniw the apeed of sound In water, we can calculate the distance
to the ocean bottom by multiplying time of the sopend wave ta cover the
distance timea the gpeed of mound 1a warer.

Student work Iin encyclopedlas and cther references can bring [arth
information cn the speed af sound in water, and 1cs varlarion in speed
with different temperatures, densltliea, ete, {This iz represecred in
sut modal hy slight cheanges In the jJogzera’ speed.); what 5OHAR means
{Sound Favigation Ranging); what kind of svund wave 18 sent out; the
kinds of ships which 4o sonic depth recarding; what would happesn if
the wave bounced off a whale or a submarioe; ecc., etc.

GCEAN TOPUCRATHY

Topography meane che mapping or charting Lo detall of the phyeical
fratures of & region Iin a wey whlch shows relatlve positions aud #levationa.
The thrust of this Ilnvestigation 13 not te memuclze 1ists of new words and
their definitions hut to experience or re-create the topogragphy of the zea
Floor through games and activities.

Choose only ong or two soitable activities [pom among the following
problems and games. An abbreviated ser of vocabulsry words and hackground
informaticn is glven at the end of the ropic as an inltial aid to the téeacher
in getring started. Books and references hrought in by the stwdents for the
project can augment this beglmming Information.

Problem 2. OCEANLID MOLNTAIH RANGES Bakhs 2, 1

The longest mountalin range in the world lies under the ocean.

Marerials.

-Relief or comtowr mups GF the coamn Plooe (Hutienal Seographiic orn oihers)
-51ides or overhaad tramaporemedes {7 availobie

—r—— . R ———

Ackcdvity:
Find an underwater mountain range that touches ewvery ocean. What
di1fferent nemes can you fInd fov 1t aa £t travels {rom ocean Eo

acean?

How does the tange vary in height and stie?

.
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Eugﬁﬂsted Fracedures.

Settle the stedencs 1o groups around world maps of Lthe scean floor.

Au approprlate place to have the students brgln to trace the oceanic
mountaln ranges 13 the northern portion of the Mid-Atlamtic ridge whepe it
breaks thv surtace of the water toreing the Icelandic Islamds.

Mote the contipuatlon of the mountain range down the Morth and Souch
Arlanmcic, past the Cape aof Gand Hope, {nto the Todlan Ocean, on toward How
Zegland, then east to Cape Horn, 8nd finally vpward Iin the =a=tern Pacific
whoere [1 trends landward ioto the Gulf of Callfaroka.

The cnwlents might consider not ooly variarions In rhe actual helght
af the ridge measuring trom the ocean floocr, but alap its varying depths
helow che surface.  Comslder alae the secnodary ridges spreading oul Erom
botn slovs of the coenter “crack”.

dlder students may fInd ceferences In the pewer cocvelopedias and in
orher references ro plare rectonics, the "aplitcing"” nf the acean MNooe,
plate oovements, dagnetic reversals, and other related ocean floor tepographi-
cal Ffindings an Wwhich Ehey can vepavt.

froblec 3, PHYSICAL FEATURES OF THE QCEAN FLOOR BANDS ¥, 1

Marerials.

-Mancsrapiie mope oF the coson Flear, oke f&Et per sasf group o8 fiudawie
—AZdT pdenzl plotursds aa owiilable

—EET aRa weriLn

Acefudny:
Identiry the prominent topograpbhical featwresa of che ocean flaar.

Learn theltr names and whatewer elae you can about them.

Sugpesied Provedures,

Thls [ociual learolng artivity might be purgued as a game,  Hece acce
two geming 1deas which mipht be useful.

Game 1. PBival Explorer Groups: Let each group of students be a proup
al explerers [com tival counteles ar pival companies,  The growp with
the best knowledge of the ses flpor 18 1o the best position to further
les oarfomal ap heainesas caoze.  See which team can arhlewe hest
acqualintance with the names, locatlons, and types of oceanlc trenches,
ridges, abyvazal plains, canvanz, etc. You @might limi{e the pame ly




264 Hawall Nature Study Projece
Feef and Share

sclecring only certain fFeatures to be fdentified, or certalp areas of
neean to be explaored.  Tovent a prige or award or advantage far the
winafng country or buslness.

Game 2. Ocesnic Bingo: #An unmarked chart of the ocean bottom is spread
hefore each team. FRach team is pupplfed with small cards. On cach vard
is writren the name of an ocean bottom feature. As the teacher, or
teader, calls out "guyot", or "trench", etc., the players place a name
an the charc ip the appropriate spet. The winnlng team is the one with
the most features corridctly covered.

dake up rules, add and sebtract game features which make the game sulb-
gble to the vlasa which is plaring.

Problem 4. REFRODUCING THE DGEAN TLOOR Bawns 2, 13

Moterials.

~Medium Ffor molding (elay, pagier mache, or oiHer)
—Thary of the copon fleor from which to 2opy
—Foixi

Artivitby:
Mold an oeean floor frem clav or papler mache.
Include ap wany feature= as possible,

When dry, paint and label the chare.

e .

Suggesiled Procedures.

Solding a three dimensional relief may from a chart printed in two
dimenaions can tax the abllity af the students in readinpg and undecstaonding
sharts and interprecing markings indicating depths and clevations.

Thia may be 2 caak for a few students Lo puTBue as a prizject as they
have time. Tt may be a task {or che entire class, each group In the class
working on a different portion of the cocan floar.

The drled relief map can be painted 1o appropriate colors, suach as
1ight blue on higher elevations, black in degp canyona, red where wnleanizm
18 actlwve, efc, A legend cam explaln each celor.

Teacher Rackground Informatlomn.

The ocean floor can be divided into throee parrd: the continental shelf,
the continental slope, znd the deep ocean hasin. The basin alene comprises
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5f7tha af the totel ses area or one half ol the =arth's surface,

The cantinencal shelves horder most of the varth's contloents. They
average 75 kilameters (46 miles? wide and are che shallowest part of cthe
aeean, sloping gently away from the shore to a depth of about 500 teet.
Sumlight penstrates the water and the arva is rich 1n plaest and anpimal 1ife.
Mere Eish Live here thaon any other part of the ocean. The ice age, silt and
erosivn [rom pivers, and the surf sll helped to shape the shelves,

Thi shelves plunge suddenly into the continental slopes. At the botbom
of the =lopea oceancgraphers have found deep gorges and canyons,  They were
believed to have bevn cub Inka the alapes by poweriul undersea avelanches
called curbidity currents.

The deep ocean floor begine at the foot of the concinental slopes,
although some trenches In the fleor are mare than seven miles (35,004 feet}
tleep, the average depth 18 two and 8 half miles. ALl peaks, cones, ridgen,
and cii1ffs on the oerean’s floov have heen preserved unchanged, [netead of
beinz worn away by the elements, as they would bhave baen on land. HRence
underwnter mountalos kave steep aides a8 well sz gentle rises.

Vocabulary.

Deep Sea Trenches arc wsually ghaped 1o a deep, narrow V. All are neavr
a land maza. Trenches mark the place where a plate of moving ocrvan
ficor dips under the edge of a continent. TIF a tremch IrR mear an
island <liaia, the tvench iz on the pcean elde of the izlands. The
Mariana Treoch [n the Pacllic Qcean I the deepest - about 10,915
meters [15.800 Feeb).

Fravture fones are orevasass at right angles to a rldee.

Seamounts alsa called sea knolls or abyesal hiIlls, are 1zalaced maun-

tains that du not reach the aurface of the sea.

GuyatL [ pronouned ghe&—nhj 1 a flat topped seamount or submarine
vyoloano.

Submarine Canyons are relatively narrow aea walleys with high, steep,
aod racky wall.

Deep Sea Fans are underwater cquivalents o deltas on Taod.

Abyaaal Plains are desp, flat areas of acean bottom caovered with oaze.
Meze 1 a combination cf the remainms ot dead placts and animals
which have died [n the waver amd serctled bto the bhottem plus wolcanic
dust, agk, ailt, =snd sand.



A LCOX TO THE FUTURE

This Teashar's Guwlde on REEP AND SHORE ta not fiuleked. It hor arleply
oome to an emd on poge I8, Om I:Fm. rrodeat direotar's Zeak et wtly faldeve
Tabeiiled by topis. Gow combgin deafte of probloms, octfvitdas, gud pro-
opdures Aot pat testad for welidity; sthere oondatn notes an olassroom
fdias not yet degn togatfer tn pubiishebls formas.

Tha popare fhaluds {tams sush o peugh weite-ups ot flatworwm, fedther-
sgrmie, plain wotwe, and other med duoelless; roles cn e Forduguded Mot-o-
War, jeily Fiohes, sponges, nudibranches; o #ok off anporimgnie on Hlgping gnud
ar Jutline or shore Brds. A SReaf of popers domboin idezs abowi dhe geology
off shopaling reaks; a s of astfidtisn on emd: how the riudetis can axg-
mine 1t for rles, dechueg, oompoattion, md enfoy mzking ocetles with it
witla ohecking 40 cobasion vien wdt oul dryi @ ately of o aud ware pat-
torme oud Row thay Frezk owd boad ot the sHoreline,  Folting 44 St fome {a
o eeriag on flak matomy ond physfology:  Fish soaies, fixh setpes, wiimming
dimarion, ond Pekmrior: 2 pordially tested and vriiterl coperiteett o Bolo-
gloct alosls; & sssidevation of phyto- and ooplankion. Some imitigl pldn-
ning want fnts the Mewcis ides of detng an Tneetory For benchers' *efercos
of potantfol shovaling study sreaz oud what oan be stwied o eaoh place.
Bawt fop worwt) of qll Lo gt eifes geation on moine eoological shuelier
froluding food chalns, food webs, rophio lesels, oorouflage, atd bolawos in

Some day all these topics cgn be fintehed ond tested. Weomfile
tacorbura £0 the alcesssome of BExiads e oreattng ettll furiher {dean o add
tp tha pefe. Thay will sosn find from claeroom separfatos the stvengtha
and waglnaeder of toplos peinted bere. Tn aoms foiure Bdel ot oll thess
tteowm and evemis l::l':!r:d'm, wi¢ phall Aave Edition Twe of SEEP ARD SRORE. D
sooomd editiom myy be twice op ehiok as this firet ome ond ik moy foke witfl
tha [880'a to get o the printar. Mavehiils wa toka pleamoe in giving tha
togriara thiy 1028 warelon of REEF AND ERCEE grul bay theis amtimued gracious
ard peterons Fepdbaok on this Drloial affort.



