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1. OVERVIEW = .- S N

. The Hawaii Marine ‘Sci'e‘:ncé Studies ‘,(HMSS) Project has deye]t':ped

- over twenty instructional units, which include student laboratory

and field investigations, ‘teacher ‘guides and s'upp‘le?'nehtary reference
materials. HMSS uni be taught as a one or two:.semester course

} -in high school marine sciefce, or selected portions gan. be combined
- as marine schence modu?es

r-use in other secondary courses.

Design,,bf_ HMSS materia based on the premise that study of -

" the oceans provides opportunity -for students of all abiTities to

actively engage in multidisciplinary scientific inquiry while learnidg

’L . - -
HMSS units ark organizec around the three themgs aescribed bejow.’

Two of the themes, the Fluid Earth.and the (Living Qcear. together
represent the traditional ayees of oceanography. -The zneme - Technology

_basic concepts of, science. . C

- and the Ocean provides a natural science background fc- the study of
" socio-technical issues. Instructional units included .nder each theme
. are 1isted on the next page. , -

1. - FLUID EARTHE units exanine properties of water, shoreline dynamjcs,

‘the nature of the world of water and its, interactions with the
" “atmosphere and the 1Tthospheré. Fluid Earth units and/or topies .
“can be combrined to form modules for earth science, physical
science, chemistry, genery ‘'science, envﬁ‘onmenta] or other
“courses. e - \ :

2. . LIVING OCEAN units invoive an ecological view of biology, examinjng
"' interactions among plants, animals and the physical and chemical
enyironment.. Units and/or ‘topics can be selected for life
sciente, ‘énvironmental studies, general:science ar cther subjects:

L

3. TECHNOLQGY AND THE, OCEAN units involve the ‘study of eklu;nan tise of th

oceans <investigating. how people employ and. transform the marine
environment to their own ends. Concepts learned in the first

two_ themes are applied to technical problems.  Selected portions
may alsc pe used in social studies, industrial arts, agriculture

‘and/or vocational programs. . . ¢ -

.

™

e
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tutl e f S Drasrgtiona] Ut

. TheISl‘ﬂll‘. 1™ Jnft Ed1t1ui‘1 me 65 prograns Lonsists of the twenty units Visted below, The
three units shown « parentheses o1 e ampleted later, A toplc fron eact of the three units designated

vith an sowrtsk | ncluded ir B o ampler, -

L]
‘ 1
1

t . Fluid farte aite Living Ocean Units , Tec Mg Units .
- 4], Propar-ez of Wate 1, Aquarfa o raportation
o3 Naves awesSeaches 2, FieldTripl ( aeultre)
Vo3 Chenistry of Seamipy 3 Cassificatie | cen Resturces)
§, Tarth i kean bintes i, flge - (- wceen Energy)
L 5, Cnidania -
*%. Mollusca
. 1. Echinodermatd
g 6. Sponges and Turicates
9, Marine Horms
10, . Crustacea ¢

Nt Field THp |
.12, Fishes, Reptiles and Nammals
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‘ -~ 2. DESIGN SoNSIDERATIONS . W

Pedagogical Comsiderations

Marine science classes. ir ~acandary schools draw studemts with

very diverse academic backgrour=:  ranging from those who have had .

‘'no’ previous science to those wiu nave

had as much as three 1igh

'schoo™ years ~n oher science jasses. Marine science programs also

or imeerested -n scnool and the-- <70

college entrar:e expectations

charecteriste

draw students witr a wide abilit  range, inc™ding those with minimal
. readimg and mathematics skille 958

who may be’ less zelf-motivated
are:excelTent scrotars with

Y
1

To satic % the wide. rang-mc weds of these divers: student .
] w the HMSS proc s~ designed around re of materials
. that are commps for all studer—. _hese core materia.: lay out the " °

logtefof the ; ~ogram in terms  -3p-~iland common clazsroom encounters..
Th the Zeacher guides, sugmesti~—- are made for fa.;ﬂitating .

use <. the =~ of materials. -upplementary references and suggested
addixvmal .zzovities are giver -or ==dents with 1im-~ed backgrounds. -  _

Sug@i$: for: “or further invest-uati~=
refwrecdip- 1re provided for.aawancec
spar~i "reparation or desire M~ :
stw 't "syona—the core.

o
[

: _S_-'ﬂ@i and Modular Design ',‘/\ D

arisk science Units are used 1

. and 1istings o- recommended
—idy for those students with
ws and motivates them to .

‘ -

.

secondary schools in a variety

o~ —ays. many schools, marine rmduies -are included in established

comwpes “WDiology, earth science. shysical -sciences or environmental = -
timm. _In other.schools, mar == science courses-are offered as ‘
emes tilf or one-year .programe “mgse may have 2 variety of course

+~-ejes in wading marine science. .~ce of the sea, oceanography, 2
~sanoioc, . marine enviro enta. ~21eS and So on. R
Consauently, HMSS iItruc*ﬂal materials are designed to be

g iar -~ nature. Th#C1978 ed” ' on of the HMSS. instructional materiaj®’
comprises ~he twenty ynits Tist® -7 the, outline on page two of the
g}l_ei nits may be used inds.-wdently for instructional seqaences,

7 ~+~hev ma- be combined ‘to forr - ‘ne-semester or one year course.in .
mamine science. By selectivel 7.mpining units and/or topics, moduleés
wmw be formed that are suitabi- -~ insertion-into other secondary
-amrses. zach unit examines sewzral .related topics in mariné science

—wougn a series of problems 0 .ctivities. Each topic begins with
sackground information that provides a logic for study, reviews basic |

.cience concepts and jptroduce: new vocabulary.



R I ) *Y -
s.. . HMSS units.-have been classroon. tested s \both independent modules
' ~ and_as combined units formrihg one-semester and one-vear programs. Ef-
forts ‘are now underway- to. augment the tea ‘guides with additional

o information to aid in selecting’ uni®s, and i planning for the teachinc

.7 _of concepts which logically precede and-Suppert unit studies# Suggestions
' “ai1]obe made for ways tc combine-units for various Scheduling plrposes.
. A e L .. . - . .

o PR 3 . . : : .
) . ReTationship to Other Programs’ b
, ‘. - .Additjonal secondary ins\ructional materials specifically cdm-

+ - :phementary to.the HMSS program are available in the areas of marine
social studjes. Coastal Rroblems and Resource Management is a one- -

Lo semester course designed Ta énhance the student's appreciation of
: the pétitical,.social, and ¢yonomic problems that often occur in cqastal
s as.

. The course cohsists{of the following five units: . Introducing

1 Regions; Coastal Prgblems, Politics_and Management of the Coastzl
Region, Managemént Problems, and Politics and Prigrities: Managing
Our Cpastal Future. Both HMawaiiam and continentallUnited States case
studfes are included. For. further informaticn, contact the Coastal
Problems and Resourgce Managsncnt project Office, University Laboratory
*Schodl, 1776 Univer3ity Avenue, Honolulu, Hawaii ,96822; Phone - 808)

. 948-7910.
- . ‘\> . " . : S , - ‘
LT T - : . ' ' u’/_
’ 3. PROJECT MATERIALS DESCRIPTION )
‘ Stoflent Materfials (S-pages) -~ “’j 4 l . S
" o, "+ In the sLudent' instructional materials, 2ach tSPiC begins with .

. } background information, a recapping of basic concepts and the irceo-
A /Mon of new. vocabulary. \Suggested - procedures are-given to guide -
' © {nvestiggtoss. Sugma guestions call for intergretation and analysis
of observations. - Por{gtudents interested in pursuing further studies,
there a‘re’suq’gestions for fu/r)her investigations and a selected biblio-

> graphy',_ \
. T . L. ‘
‘ A, L
.» Supplementary Referencg Maferials (R-pages) .

As\an aid for students, supp1emen'tary reference mate*a]s are pro-,
. vided./ %o minimize the volume of Yequired rpading appearyng on t‘hé{-

. . studenkt pages,.detailed descriptions of the use or construction of

N equi nt and-extended directions fOr experym. -1 terhnigues are pro-.

~o 7. vided suppiementary resource booklets fa? .. ~=ede”  Other.

‘w * supptémemtal references are designed.t: enrich wpics an< provide

- dditional backgrd information. These.may be used as student-read-

- - 4ngs or as teacher lecture-type presentatiogs! For the Fluig-Earth }

) e, @ series of pregrammatic readings are also provided to allow
-, for review. of .fundamental concepts. _ . L

\ / l~'\7l( " . ‘ . ‘n ' ‘ * . . -

. A * N : : ) S

O

ERIC

Aruitoxt provided by Eic:



ERIC

Aruitoxt provided by Eic:

- and teachers in assdss ng cronress.

’ .
12 -

Teachér's-Guide (T-pame ) . . ' “

Foi. the teacher, =me -=zionale for each unit is glven .2long with

" suggestions for presemti~ -3pics to students with varying abilities ‘

‘and/or prior science,bacs«—smmds. ' Includéd for h topic are teaching
suggestions, -adviee or : ->wroom and ]aboratory procedures, and

discussion of the corr=sperarmg student activitiesa Supplemental infor-

matign along with tabws: =a <iagrams is also included for the teacher

to use as visual afds : ——=-<enting concepts and guiding inquiry. - - »
Student eva)uat‘lons re n. .zed in the teacher's guides to help students- 7

v

. .
Iad N .
h , P

_E%u_imgnt and Supplies , - . ’ i &

The HMSS 'I’orat:r'_v us=s standard catalog supph‘és or equipment ’
rdadily cohstructed b s:tucents and teachefs. It cis assumed that mipi- :
mal laboratory faciliz:ec are available including running water and
lab’ bench spaces for stuaents. Care has been taken to ensure ‘that the \

. program can work under budgetary constraints. ’ :

e

. . ", N - . . . R
‘ Studieés of, 1ivincy srganisms, whenever: possible, use readily’avail-
able plants and anima ': common td the local aquatic enviropment.
Actigities are designes to foster a'respbnsihle concern for organsims', .
~and their habitats thraugh sound conser.s\a‘_tion _practices. ' :

AN

“ . 7" *4. —ZACHER TRAINING.AND SUPPORT 7 . «  °
HMSS Teacher Traini-z dorkshops --,.

! HMSSHmaterials "v~e~disseminated‘t!ﬂ‘ough teacher%rkshops designed

‘to prepare-teachers ~ar using the program. Throughout th; workshop, -

; teachers\jn?estigate problems and engage in activities using the labo

tory and fiel procedures suggested in HMSS student materials. Discussions
clarify scienge contepts and focus on teaching strategies, classroom ‘
organization.apd management, and methods for adapting materials to
varying- s tudent\ needs T . ) .

S ¢
There are ey zes for participating in tne HMSS workshop
other t?an beiq%s ..« -=r of science interested in the marine environ-
meM. Experienc snown that most teachers in HMSS wor}shops are

well prepared in one or more areas of science but usua]]}not in all =~ .

- areas of marine sciénce and techno1og¥. Teaghers age encOuraged to

share knowledge and experience to enrtch the workshep experignce.. [ D
- Spe‘cia'n effarts a’re made duxing the work§~hop~ to familiarize teachers

with local marinéd field study sites and with.Jocal mafine plants and N
animals. Disgcussions qf field trip planning include cbo idération-¥or . .
student safety as well as strategies for optimizing student Tearning. N
Recognizing that field trips arelnot\always.possib‘}e, dlternatives, in-

cluding demonstrations apd simulations are explored. - Because ofs tha

emerging nature of marine science, cart is taken to aquaint teachers

. with wiys to keep up to date with dgvelopments in#rine's,cience and "

: “technology. - . 7 RN
. _ _ L aBa b . . : }
.' l .‘ ' b ' - ‘l.‘ : V - ¢1 0 K k .. N . » - . L‘ /

A N . _
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S Th?"\mss materiald have undergone several' wri'ting-testim;'-revisingi\

©o

.-
. * @ . - . . .

- i

.- . ’

v . * - ) i i . » —
r . -
L . Co-— : K
HMSS Teacher ‘!’ra'ln'lng.wérkshdps may be of varyd'ng 1engths‘de_§_end‘lng )
on needs and interésts of teachersy. Most of the student activities .

. in the HMSS materials can be included in an intense eight-hour per day
’ two-week workshop. ' Longer workshops (three fo four weeks), and academic j

year workshops meeting once a week with subsequent follow-up sessions L
allow for more -in-depth éxploration of Eo_pics’p?/i terest and additional
opportunities for,&ache'rs to participate in pcean t field e:geriences.

; ] : R
Lt - v & .

‘ - c - .. . o
¢

v T

Follow-up Support

o Ny .

Follow-up Sessionseprodide opportunities for teachers using HMSS '. -

instructional materials to get together to share common experiences, :
successes and problems-after the workshop.s Typically, these sessions

are held after school or or%.\feek to 6 times during the.academic )
year. SessNons are often h€ld in td chers"c]as_srooms. Occasionalu £
they are plgnned as trips to fiéld study sitesy :

. . AN . i LA . . LAl

. 5. “VALEDATION.® -

.

N /N )/ - N , )
Field Testing ) _\ AT - : ' };% \

.

N ~ Y e S /',“ v

.

cles. They. have beer teited in the University Laboratgry School-and ., ..~ -

ﬁ pilot schools throughout Hawaii. A field-tested ver‘sgen will be .

ready for extended pilot testing in"the Summer of 1979.« Dissemination .

theteafter witl be through teacher training workshops. . - v K . :
M v . T

‘ In. 1976-77,[cPassroom testing of draft HMSS m?terials was done at
the University Laboratory Schoel with classes of students from grades , _
;én é gh twelve. Working with students who répresented a wide range . 4o,
of abilikies and prior experientes  in sciensgjﬂve the HMSS staff an

- inmediqte opportunity to,test the effectivefi€ss of ideas and apvproac'hes {

on diverse groups. . ~ : ‘e

- During Spring 1977, classroom teéghers reviewed and/tested po-rtiqns —

of HMSS units. Materials were also reviewed by research speciali§ts

to assure their cantent validity.- : co . : -
Systematicafield testing of the _HMSS ma_téria]s in p‘ub]’ic and‘priv'a'te' :

schools of Hawa¥i was begun in Fall 1977. Pilgt teachdrs were introduced — * °

to the First semésts;_of the HMSS materials ih the two-Week HMS3~Pilot PR

Teacher Training Workshop in August 1977. Based on feedback ffom pilot T

teachers and their students, HMSS.was further revised for the Summer 1973 (

Draft Editipn described in this Sampler. Extensive pilot testing involving

more than thirty teachers and their Classes is continuing thrgugh' the: S
1978-79 school year. . . ot T . “ !
_ v . . P
v . A . . :
R - S
, .
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1977 HMSS Teachervworkshqg

. Char1as Burrows '
Kerry Chesser
gteve cing .
. Sharlene Hamada «
. Phil Johnson '
Wayne Kan to .
Floyd La
Warren pr‘
. Frank Lutz
. Richard Naish
. Robin Otagaki -
. *Kent Sanders
Debbie Nes}ey
Ms. PhytTis Wong
‘Ms. Kaylene Yee
Ms. Caro]ine YOung

s

~
' 1978 HMSS Teacher Horksggg

Ms Shanman 'J,. Brown
. " .. MF. John M. Hawkins
Mr. Roy Kawagra. ¥
NS, Barbaraégﬁrhee .
Mr. Steve Lissau
A Wy, 8;ra1d McDowall .
~*Ms. Lvlleen Murakemi
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Ms. Lenora Springer '
Mr. Kevin ¥homas
. Mr. Edmund L. Tuthill .
. . Ms. Jean A. Watson
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Mr. Emil Wolfgram
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Ms. Jane M. Hiraskass., e

Kalaheo Higtr School- == . - L
Pearl Eity High School )
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~.\

‘.

Y

-
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~ Radford High School
3lue-yater Marine Lab :
Haianae Hish School .
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_ tension, cohesion and adhesion.

in the compﬂete materials, but not 1nc1uded 1n the amg]e exce

an exgerpt from

e T uuxr:?. PROPERTIES OF WATER

- "Unit 1. Properties of Water is the.first of four units in the (
theme of The Fluid Farth. Unit 1 is designed to introduce -students to
the physical properties: s of water. It covers the, basic prcperties of
matter necessary to explain most physical marine phenomene Included
are studies. of preﬁ%ure density, state change _currents, surface.

t . K . ..

' Topic 1. Character1st1cs of Uater prov1des a general: 1ntroduc-

- tion to.the physical properties -of water. . Students are rresented w1th
_a‘set of anomalous situations which- are to be used as reference

observations throughout the remaining unqt

e

which is not included .in -this Samg]er Additional informafion is g1ven ..-"3"-i"

in the Draft 1978 Edition of the Teacher Guide on discussions of

tigations An eva]uat1on of student understanding is also

'

-12-



 WMSS: Fluid Earth  ° . . Student Page
- Unft 1: Propqrtfes of Water \

I3 . : : - /
. \\ \
o cuARAcrgRIsnGs OF HATER AN CTHER LIQUIDS . '_
v |:y- M

- Looktng at a picture of ear from ::ace; One is struck by

) the amount of the ‘total Surface that' _overed by water. In the

v .

acean and 1akes we have 1iquid ua;er a,round the po’les iceq and in

° E)

~  the atmosphere clouds. . But what are the ch racterist1cs of th1s

, substance ;med water” In a series of T boratory invest1gat1ons , (’
’ . \oe u'm/ q,t.tem to observe a,nd identify/some of these properties. o h
R Prob]em : v > . )
.. "o . Hhat are some- of the propert1es of water‘? - / .
S Procedure U . LT - L. -. L
' 7 - ‘1 6o to each of -your assigned stat1ons ar1d do the fo]lowing

«

a. Perform the operat1ons 1nd1cated on the procedure card

‘b. Récord the observat1ons in your notebook

2. Put. the station®back 'in the same “order'it was befpre you used B
. ! .

-

thé equ‘lpment. when instructed, go 4to the next stat1on.

©

7 Summary Questfons — _ T “ : .
1. _What 7s meant by the phrese, "properhes of water
- 2 'Hﬁat properties of water might account for each of your observat1on§
> ' 3, which observations, if any, might be explam,ed by the same propert1es" .
4

“whitn of your observa{ions cannot be ‘explained?

-13 . : ,

O

ERIC

Aruitoxt provided by Eic:



[ O »’

v A L i, LI - o y Teacher -Page

e o HMSS: Fluid Earth  ° . -
’ ’ “' Unit 1: 'Properties of Water o - (T41)
. - . . \’ s . R - h: o 4 , ’ R . .
S € 3} CHARACERISTICS® OF WATER AND_OTHER LIQUIDS e Y
N L
: Objectives : _/ e T . ?
" To 1ntr:y students to - e . L L N .
4 ) . ’ : )
’ 1. A Series‘of situations that will be anomalous to many and o
v o . will provide insights into characteristlc properties of
. . water . g
. .. .‘. Py
' -}L ces 2 The jdea that the physxca] propert1es of liquids vary
N widely from liquid to liquid. - s .
- \ ° - ) o ’( ; R Y 5
“'Anticipated Time: Approximately 1 to 2 class periods. o :
o e, . | ¢ | e | ‘i'
o . Class Organization . . ) L
. ‘ . . '
ST N Eime is’ imggrt;nt : This«toplc is des19ned to be comﬁleted in
o - 4080 "minutes. ere are+10 stations suggested.- It will tafle 4-8 .
., . minutes at each station. Other considerations 1nc1ude {a) the . /
w . ¢rdblems are straightforward and therefora need not be lingered over,
R ~and (b) not. all students need to do all observat1ons Resu]ts N
can be shared during discussion. . . » e
. o SN
o Number of Stations depends o the-method used for organizing T {
: students. SGroups of three work 1 in classes’ where some students
. are poor readers: ‘A student whe reads wellican be aSsigned the T
A .~ . -role.of organizer. If students work in groups of 3, 10 stations :
’ ~ will be needed for 30 students. Jf students work in pairs, 20
. stations will be needed. C N ,
© Alternatives . o :

The sequencgacan also be dome as a class demehstrat{on, Even
here. however. student part1cipat1on is highly desdrab]e

Al .
K B .r'

b B Introduction o -
o Student-performed 1nvest1gat1on ) In%roduce the problem without
any elaboration. The term properties will be already &nderstood b

many students, but for others 1t will be def1ned in.the context o
the o servations. : ' .

a. - Explain that at each station there is a card with -

o . instructions. Students are to read the card, perform
. : the operations, and record the data
r'd . . -
Lo -14-
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A st FluldEargh o, - N . <
¢ Uit 1: properties of +ter P 22X ~

. to the.conditiod it was in imtiaHy

. N n

C we

. 5 ST ST - _
s b. After s%imerrts are finished, they are to retur" the station - .
Review of 'Act'lvitiés A A N
B

. Use the fo}lr Sunmary Quest1ons found in the studenf mater'lals to
ide discussion. -

i v a. Quickly estezlish that a property of a Substance GT’G o
‘ . - .category of substances.is an attribute or character)st1q :
quality. For example, properties of water include Tts lack W
- of color, its transparency,ljgg its botling. pp!nt \ ‘
oo . b. - Ha@ing established the general mea;&ng of property, get :
“e some consensus as \to what'was oB%erved‘pnd what, if anything, ¢
: ¢ ‘seemed puzzlinj about-each of the situations. With each e
‘. : . description ask what property of water or other-ligquid .
R o might explain the phenomenon observed. Accept terms such A
o . " as solubility or capillarity. if students are unable
. - “this time to label the?ﬁﬁ'homena they describe. «As he .
N Q‘. ,students wqgg -through Unit I, they wil? gain a greater LA ( '
- : 5 understandmg of, the propert1e§ of water9 . . o

. \
. N

IR . watkRiALs FoR STUDENT L8 STATIONS, S o
(Instructions are given on pages which follow) .

< o Since this topic calls for the setting up of 10 stationg, each
o , station will present a different kind,of situat#dn which students are
- to observe. Note: A list of total materials needed is included in

the teacher pages, but omitted from the Sampler. ’ : L.
o : .Station #1-, '. .~ . 4« . Station #2°
. Cohbsfon & Adhesion ) Pressure Thermal Densities .
n R se% -glass,p1ates with: e 1 ea . -common hot water source _‘F
: handles . . 50 m1  -dyed"ice water, in con-
100 m] -tap water, labelled , tainer
. 106 ml rsalt watgr, labelled _ 50 ml  -dyed hot water, in con-
’ 100 ml -methyl alcohol or ditto © ., tainer
~ ’ fluid in labelled : <; liter -tap water, labelled
beaker or bottle . ea  -200 ml containers (tall -
1 ea -eyedropper . ‘ jar ‘
. -toweling . 1 ea -waste bucket
. -instruc ion card i ~-=toweling
! -instruction card
i o A T
o -15- )
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© mSs:  Fluad Eaeth ' .
- % _Unit 1: Properties of Water i S - (r-3) .*
s : ST : N : . .
- . - : . .. ] . LA :

: . . . amtion.#3 T ’JStEuon #.

: . .. Adhesion «md Surface Tension : Surflace Tension

. R ' . C , “

. / R / -sme ~ diametep~shell vial = 10 ea -squares .of aluminum ., / .
’ - 3ea -larmw diameter shell vial ~ foil (T emx 1 em)y® 2
St (3 2 4 cem) = . 3ea- -50ml beakes.
100 m7 -met=yl alcohol; labelléd 1\ 1 ea -glass stirring rod
- © - in peaker of bottle . ~100 ml -tap wager, labelled
)~ .ml Ftap water, labelled - 100 mi -salt water, labelled

_ - 00 m1 -salt water,, Tabelled' 100 mI“methyl alcohol, labelled ~
L \ 3 ea" =eye .dropper:g - in beaker of bottle P
o - f-toweling 8 "~ -toweling ' .o ) Z
o "\ . =-instruction card _ -instruction card . _ .
y . LY . - . - [\
) -~ . & v ¢ . . . ' . Re
r IR " Station #5 i , Station #6 .
’ Y . SolnEi‘Iity- . Boiling Chara}’.teristic,of Salt ™

p e . - Waker vs Rresh y_ter , v
3 ea , -graduated cylinder, 10 ml ' '

o i3 ea '-test tubese 10-15 ml . lea -t ter (upper’
., . 1 e ~test tube rack L 1 110°) |, .. o
Y. 250 g~ -sodium chioride (table - B 1 ea -heat source (\notl plate,’
S~ salt : » preferable’to.hold two &
. 100 @1 -tap water, labelled : 50 ml beaker%) T
\/" 100 mi .-salt water, labeiled 2 ea ' -beakers '
100 m? -methyl alcohpl, labelled 200 m1 -tap water, labelled
S ' - in beaker orXbettle 200'ml -salt water; 1abF11ed
s ! 1%a ~used liquid a\tainerﬁ ‘1 ea -waste containet or s‘ink\
' ~meling ‘. R -toweling o .
“aoce -nntaiher or sink -instpruction card
s>t -on_card . -
e M
Station #7 " .. Station #8
Buoyancy - ‘ L ~ 7 Capiliarity
J A . N
. 1'ea -shell vial, weighted anc .1 ea '-capillary tube (10.cm
.~ corked- (use sand or BBs for -+ - ortlonger) .
- -ballast) 1ea -glass tubingijm\n(il(;
3 éa -beakers or tall containers -~ . "~ cm or Tonger ~—
: . 150 @1 (tall) . 1 ea -large bore tubing (1
e . 200 m1 -tap water, labellec " ¢m or longer) - .
200 m1 -salt water, labelled 3 ea ~flat dish (petri-dish) =
9200 ml1 -methyl alcohol or dittc 100 ‘m1 -tap water, labelled =~
fluid in beaker o- bottie 100 m1 -salt water, labelled
-towelinc 100 m1- -methyl alcohol .

-instruction card . 1 ea -styrofoam cup .
: . ~tibing holder
-metric rulef,
-towe] ing
-instruction card




\\ LN v . Ve

T LI \Y , 1 - 1y T . .
: HISS: tmicf/'hrth 'Y ey P ¢
Unit- 1 \Properties of Hater.

: /ﬂ Stat‘lon 09 . ' ,Sf?tion #0 3

t-,
¢
L

”, pl Y

pans'loa Fixases and Mon Expansion Siphon\ . e
~® L1qu1dS’P\ f ‘g . )

2 %~ -c,on{mers, 200 ml . e

lel\meyer flasks, 250 ml. - Y éa ~-tubing, 25-50 cm ’
-holed #6 rubber. stopper 1:2a --metric rulers P EN
¢ 0 fit flasks < . 500 m] -tapdwater, labellec
2%ea’ -glass tubing {20 tm or to : - toweling : B \
. bottom of fla<ks) - o ~instructfon card ' v
. 2 ea,-rubber tubing,»6-8 ecm . { . . : * (» s :
i | 2ea ’-syringes, 30-30 ‘t] v ;oo - f . “ -

‘ o  -toweling. - ) . . Ao
_-instructioncard lab Hed L, ¢ ‘,'.:Q . ~ o »
¢ System #1: ~ir and Water ¢ o i . -

, . | #ystem #2: aater Only . \ N . - A
. S ’ . ! ' ) y Py ,‘ :
Jf - DIRECTIONS FOR STUDENT LAB STATIGNS - ) - .
- ~ 07 - LT Yo .
N ‘ T 7. . . ) : - N
TN N ‘ . STATION #] c _
= Qr i ' ’ . "
At. thi#stat.ion you are testing how \
hard it is to pull_apart two glass platés *
. ' when there is aﬁ1d between them. A
~ -D'Irections.\ L e . ',“
e . "
© .~ 1. Ppull apart glass plates that have ’ .
water between them. ¢
‘ a. Begin with clgan, dry plates. - ' B ( '
b. Place 5-10 drops of water on . ’ . .
- onh plate. o *

. ¢. Press the second plate agains:
’. - the first plate. Eliminate a°~
: K bubbles by sliding one p]ate

' - ’ . over the other. -, '
. d:. ‘Grasp the jar handles and pul the <: |
. b plates apart.* - ‘
. ) ‘;.’ ’

s, - e. - Record your observ\atwns

i~

~ *2. Repeat procedure using sa]t water, ther »
again using alcohol. ) /

3. Suggest a hypothes1s to explain your ot. ervatwns Test if time aliows.

When finished, dry off the plat=s and “’turn the statwn to its -
- original conditwn .

'Cau;_on: Pull aently and only < the direction shown by arrows.

I ..

- 20
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. ‘ wa €y oo L - \ o o
: v | HMSS: 'Fl>u"|¢ Eaﬁih \\___ } . : £ . J

; 5 .
> Unit 1: Properties of  Water - S, ‘ . ) (1-5)
et . L L : T / — .
L A . STATYON #2
' :l . A / ~a— > ‘
| .+ At this station you are observing what . -4 it
. “<happens whefl coloved hot or ice-cold water . 7
, is~dropped- into water fﬂgt is at roam . ‘ )
o rature. : ‘ -
B L Yos : ‘
. . #&Digections - b "*“ tee
. 3 ‘ N ~ - : ; :
.y 1. MHIT two Ls4ma11 clear glass coOn— v bath
. - tainers 374 full }of tap water- -
T .2, Inone container splace 3-4 drops, .
. ' -, of # colored water on the surface e : B -
- .- ° . of the tap water. Observe and . * 8% coldred cold coiogcc «
o, record what happegs to the drops. g water water
v 3.~ In the other con¥ainer, place 3-4 - - - T
A * drops of colored ice-cold water on 98 o -
. -1-“‘ . ‘ghe sUr?'ac; 'oy‘the t:,sp water. Qb- . - .
: * ., . ‘sérve and(record what n ens to '
o
T the.dg:ps.- < - ( -
~ . '4.. Suggest a hypothesis’ %o explai

-

« .. your observations. Test if time |\ .

- allows. ‘Record results.~9

. \_,/y ‘ when finished, pour water i nto waste , e -

- container 'Retyrn the. station to its TN
“orf3inal conditfon. Replehish hot or colc
water iffnecessary. Co room temperdtures water
- i . 1S . N - " N - ) ' o E . N \
. .  STATION 43 e
- _At this station you are observing the - .

appearance of 1iquids in vials of different P

sizes.’ Sy . Ao .

. D'Irect'lor‘k o : . . et
. 1. Observe the appearancg of fresh water ir
' the smaller vial. : :
. _w  a. _FTIT the smaller vial 1/2 full )
' . of Water. Sketch what ~you N
abserve. o ;
b. Using an eyedropper, fill the -
. same vial to jts maximum capa- - G v
city. Sketch what you observe. C '
S . ' : N : d:I{ferentyligmeter
. . : , . . vials
AY
~ . O ™ /
. : “~u

O
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4+ uss: Fluid €arth,
.. Unit 1: Propertles of Hater
. " ‘2. Olserve th® appearance of water. in the 1argg;
C .? Fi]l the larger vial 1/2,£u41 of water.
L/" - erve.
. b.
. f~ capacity
o 3. ! éﬁpty both yials. Pour 1iqu1d 1nto waste contigner
~ T
& 5; Suggest a. hygpthes1s to expi;1n your’observat1ons
_ ’ a11OWS Recdrd ré?u]ts . -

: ‘:(;; _When finished, return the station’to fts or1g1d&1 condition.
R R ~ e .-
/ﬁ 4 STATYON #4. :
' K ~
~ . At this station you are observing how read11y a smal]"b»ecg of
‘ . aluminum ﬁoif‘can be made 'to sink¢below the surface of 1fqu1ds ¢
— N\ . v ) oA R o
. m_rec.ti_dn_s I ‘
) 1. “ﬂbta+n a_small pisce of aluminum
*foil about /% cm-x 1/2 cm. Make v
it smooth and' flat. - , o

O

ERIC
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" b.

| e

- Using other 11qu1ds, repeat procedure :

1nse your beakers well,

s N -

4 : ’

A

LY

<

g""v,.
[

.

vial

sketch what you®

Usi g an eyedropper. “fil1 the 1arger v1a1 tq*ifs mQrimum f"f s

¢
¢

Repeat proCedures using salt watery then aga11/ns1ng a]cow/y’ oz

A -~
S

Observe i1 in water

waste conta1her '

#2.

Suggest a ypothes1s to exp1a1n youw
observatiorjs. Test as time a]lows
Record Resplts.

a. Fil) beaker about 1/2 full AK
uater. o a
Drop the piece of fo11 onto -
- ‘the surface of water. ‘Record
your observations.
c. Using the rod, try to sink the
* , foil below the surface. Record
the results. .
d. Remove: the foil, dry-it again.
Make the surface’ smoéth and
- flat.
“ Empty beaker. Pour 11qu1d into !

i

Test if time » '

C e

o
Water

>

o

When finished, return the stat1on to its or1g1na] cond1t1on

719- -~
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L HMSS: F]u'ld Earth - R o

Unit1: Properties of Water/ . Vi (Te7)
-‘ '#’v N ) . g . . - . . 3 : . -”l .-_\>' ->. ‘. .
- T 9/‘{ & SATIN 45 * L e
‘4
- . At this sstation you are, testmg how r.eadﬂy tafﬂe salt” disso]bes .
« . in various Hquid.s . . N A /S
. i < - \‘ C , . . ) : w. )
) D'Irections d s
- “l." Obta'ln three test tubes' ’ Place
» 1 ml sa]t grystals into each test
" q tube.
R I
. * 2. Into the fiyst test tube, add’
N ~‘iO ml-of water. Shake the tube
'z ‘about 30 seconds, and place

e n@ 'In the rack

.3 Repeat procedure 2 .using salt
water, ‘then aga-in 8sing a c@o].

» 4. Observe how well the salt dis-
. so]ved in egch liquid. Record ‘data.
’ NN

.

5.. Suggest a hxpo‘hesw to explain ' °
your observations. Test as time
allows.

" when fin¥shed, empty the test®
tubes, rinse with tap water, and place
" tubes upside down in test tube rack to
: dry. Return the statjon to its original
’ condition. . o

v

N . . " STATION #6 . S
N ] ~. . o 227 7D . e .
» At this station you are observing the <ifference between fresh
water and sait water as they are heated to their boiling points.

Directions:. .. _
1.. Obtain-a hot p]a’te, a ther- -
mometer, and two small beakers.

¥ 2. Fi11 one beaker 1/4 full of
. -~ tap water. Fi11 the other 1/4
. . full of salt water. « ™~ X
3. Place both.beakers together
‘- on the hot plate.-

-4, . Heat, recording temperatures
at 30 second intervals until
. the ‘Tiquids have boﬂed for
o ‘3 m'lnutes. -

g o -20-
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HMSS:

Fluid Edrth .

s

 Properties of Water

Ty

-

* 5.

e

auows.

s
.

*

-

stafio to its ongmal condiﬂon
"5 it

\

v o

“1&%%
S.

- in ‘various Hdes

pi rgtions

AR
MRe

";

to

2.

q‘/ the depth of .sinking: p) L

"3'.

. P

<

th .‘l\rt3/

-

- "

s - STATION ¥7

glass containers. Fill

full of water, the

.

‘second 3/4 full of salt water;

_and the third 3/4 full of aw

Try ‘floatifg the welghted vial -
in each of the liquigs.

Sugdgst a hypothesis to exp'lam

your observatwns

allows.

Recnrd

Test if, time
Record resu]ts o

.
N .
3

Sugges? a hypothésis—to explain your observatwns
Record data, _

« When finished turn of f hot ,p]atew‘mse

S

4

¥
(-3

WK

(r-8)

~ .

’,

.

Test if time °

.

wei ghted

%/ vial

station you are observmg how well a vial floa*ts or slnks

Water.

- Sal

T

Water

When finished, pour the 1iquids back mto their. conten
© -+ Return ‘the statign-to its orlgmal condition.,

~

A\ this station you are observmg :

L4

. )

. STATION #8

-~

how 1iquids rise in tubes of Vahous sizes.

Jnirecnons- R

1.

Obta'ln tubes of various 912es,
supported vertically ina Cup as

shown.

Observe how high water rises 1n
the tubes.

a.

b.

Fill a f]at dish ‘1/2 fuﬂ of

tap water.

., .

2

Place ‘the tubes in the d1sh
- of water.

o

_'/

A4

~21- -

beakers and return
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. HSS: - Fiutd Earth . . R o :
Unit LB Proportios of Hat.or : P '(:[9)\
' e mko necessary meagurements L ‘ -

' ' . and recqrd data. ' o '

. t-pty tM dish. . o . —‘
R Repoat proCQdure “usin s}lt . Coe
g -ntor and then alcohol. -"-u : ' S
4‘_,1"., Q?est Mboth sis to ' ' ' '

. Lo

ain your obserxations L
Tist 1f time allows.. Re- . . tubing_
Lo cord rosults. . . o holder
7 umen finished, rinse the - ;
. dish-well with tap water. Return = - fiagjdish
T the station to 1t original Lo ‘ .
condition. . -
v : : o ) d
STATION #9.
R . —_‘—J— ) V- .
At this station ybu are observing how readily water can be re-. U

_moved ‘fros a_system that contains water and air-us’opposed to a
system: conta'lning nlz water v
. ., o [ . . [y

birections

e T I'(old the barrel of Syr'lnge H -
. _ “securély. ., Pull oh the plunger.
. '; Rocord your observatwns _ ) ‘

- Hold, the 6arre1 of. Synnge #2
"securely.. Pull on the plunger.
‘Record your observations .
PO N Suggess a hypotiesis to explain ~°

- you_r obseryations. Test as time
-Hows Re ord results.

- Hhen finished, return the station o
to its’ originai condition. : ) o

*Systom 1 Syston 2. . s

-22~ - i“




1. Obtain two containers. Fill one

2. Surt the siphon.

nnss: Flufd Earth

'Unit 1: Properties of Water (1-10)
_ STATION #10 | |
kY ) » r
. At tMs stat1on yovmv(bbﬂﬂ‘\m'mewh nditigns 1iquids
.. may bc siphoned. .
Directions' i .

-about 3/4 full with water. -Leave
the other empty.

. a. Place containers side by side '
on lab‘bench.

b. Fill.the connecting tube with

.. water.

c. 'Pinch.both ends of the tube
- tightly. Place ona end of the
. - tube i1 the bottom of the

container that is empty. B

: Place the other end of the tube

- in_the container with the

,water, :
d. R.anse W tub'lng

_v"'. e . If siphon still doés not work.

nquest help from teacher

.3 ~'P.aise the container on the Jeft so that-the watgr level is about
~ "2 cm above the one on the r'lght Observe and record under what
_ conditions the system stops operating .

" 4. Raise the container on the right so that the water level is about .

.6 cm above the one on the left. ~>0bserve and record under what
conditions- the system stops operating.

-8, ‘Su gest a hypothesis to explain your observat1on. Test if time -

ows. . Record resu1 ts’.

-Hhen fini\ed, return dﬁ stat'lon to- ‘its origina] cond'lt'lon

/.

I
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~an excerpt from PR :
UNIT 6. MOLLUSCA
\ ] ' »
. Unit 6. Mollusca is one 6f ten units examinlng plants and an1nals
( 1n the-fﬁiﬁi Tﬁe Eiv1ng Ocean

i Unit 6.. Mollusca 1ntroduces students to the structure and function
of marine bivalves, gastropods (gnails), and cephalipods (Squ1d-and

octopus). Included are-laboratory activ1ties and i vest1gat1ons
using readily avai]able organ1sms L

Topic 2. Head Foot Ho]]usks investigates the d1stinguish1ng
~ features of a squid. After students have carrigd out the 1ab anatomy
: procedures they prepare and taste a recipe using squ1d _

- -26-
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L T .HERD-FOOT nouusxs-’

phalopods are moTTusks The term ¢ eghaTogpd means head foot
aptly describing the squid octopus cuttTefish and nautiTus uhich
: hplong to this: group. A characteristic of cephaTopods is the foot,
which his become’ specia'l'lzed and d1v'lded into: numerOus arms i
v Al though cephalopods are moTTusks, not all cephaTopods have
__cunplete shells. The nautiTus has a weTY-deveToped shell.. The squid
' has an ‘internal ‘remnant of a she11, ceTTei a pen-that 1ooks ﬁlke a
- thin sheet of c1ear plastic. A harder, iore brittle plate caTTed a
. cuttlebone is found in the cuttlefish. The oc{opus has no sheTT at
all. Its only hard body part is its beak, a mouth part but this is
Qnot a remnant of a sheTT . _' . )
The large eyes of cephaTopods are aTso of 1nterest The'deeo—water |
nautilus has the most primitive eyes Other cebhalopods have welT-
vdeveloped eyes which are remarkabTy similar to human eyes.

- Although most’ cephaTopods are of reTat1veTy sma 1 size,ithe giant .'

-

qu1d is the Targest of all 1nvertebrates reaching ]engths of 15

L _uefers. _

.
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7 'Mhat.are the distinguishing features of cephalopods? L

« -l
T

MlteriaIs S f’_ S S o

LT Per c]ass N R .,é;('
- -7 -hot ptate or fry'lng pan -
" " -1 can stewed tomatoes (16 oz) N ‘ . -
- =-badil, oregano and bay leaves : : Bl . : : o .
-15. cm piece Portuguese sausage, s11ced (Boz) .
~1- can ¢hili beans (16 oz) _ : , -
-=1 onfon, sliced - S
.-paper plate$,. plastic forks
15 cm squarefziplock baggie
- -quuid soap - '
Ptr team: o IR _ ..
-] thaucd 15 cm squid =~ S - .
-1 newspaper, .4-5 sheets. thick P o r
-several paper towels - : R,
_ -disscctﬂn?'microscope or hand Jens . . - 1
~=1 razor blade or scalpel-- . S : LT
=3 test tubes with rack - - e d . r ) I
- -alcohol -or carbon tetra chloride T o
- -salt water S
.~tap_uater

. -

: Procedure S . ]
-,::_.','I. Read over the Smnary Questions and keep these in m1nd ﬂS you .

o

begin this topdc. Refer as needed to F1gure 5 Squid Aﬁ‘tomy on

Page S5 A
e 'y .
- e 'vLay squ‘ldsﬂat on a newspaper with the head or anterior End to R
» - the 'Ieft and the\Nphon facin_g up .so that the ventral s1de 15 e
showing See: Figure 2. ' . '_ :
! . . - S A € .
o 3. Remove the pen. Grasp f~irm1y with your fingers and pull pen . .
" freevfrom mantle ' B o
. . . n' s .
S -28- 7 P - o B
v o ™ . g
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A .- Using the razor blade, cut the mantle from its anterwr edge

'Y v-next to the siphon to its posterior tip no cut mto the
finternal organs , T ' K‘\ '
R £ . ‘Locate the.structures Hsted ‘below and describe\a
T R their ‘function(s). Sketch them.in F1gure 2.
. .a." siphon’ and associated
i . "~ retractor- musc'les
) b. gills
c. pallial cartilage
- “ ~ d. ink sac o S
) ’ _e.. ~ovaries or testes P
f. - teritacles .
Lo g. fins : . \
h. mantle .
S o 6. Remove the 'InE sac. Test the . ‘'
L ’E'ol]b'llity of the dnk.
- ' Cut open 1nk sac. Pl'ace a.
Lo | | few drops of ink into each of -
o .. four test tubes. T
: b. Try*dissolv‘ing.. the ink using
' a different 1iquid in each
v -4 4 S . .
. rear )
‘ \usc _tube. Use tap water,. ‘ ‘
o B X A “salt water, “alcohol or carbon - -‘. o Figure 2. u1d v
R Voo ‘ tetrachloride and soapy water Lo ventl!l VIEW.
Q. . - E

* 7. Observe features of a single sucker on the‘ ‘tentacle;

a. Cut off a 0.5 cm piece of tentacle and place on a glass .

ste. . ]
View ‘under the dissecting m'lcroscope o y A
. s

c. - Drawa single sucker 1n the space: .

i e . - o - o . . - »_ - . )
) . ' . . 133 " Figure 3. Drawing of a Sucker.
e v 2 . 29 a
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8. Reuove beak. .o
R a.__ eparate head fryn tentac]es mth a razor blade at line’ a
_ 315 sﬁown in Figure 2. L -
T b Pull. ou!: the _peqk Hash and. save it. ?‘ o . |
- I . Hake'skei:ch of b_eak' in the space ° A
- “provided ' '

c. -Ruuove and place viscera 1n a p]astic

" .bag or newspaper Give to the teacher " Figure-4. Drawing of - =
B . L. - '..Beak
N :
or- save for feed1ng aquanum orgamsms-. :

: ‘.J.; Hash the mantle and tentac]es Save. ' S o
S'Hce and cook the: mantle and tentac]es . '

- Slute the ched Portuguese sausage and omon Add tomatoes,

o chﬂ‘l ‘beans . and ‘herbs. Bring m1xturel to a boﬂ Add sliced '
‘téntacles and mantles. Simmer untf-]ﬁma_n_t]e turns white (2-3.

<

S minﬁtes). Serve hofs

. Sull\ary Questions : R S R . 4

R Hhat are the distingmshmg features of cepha]opods‘.k Hhat features
' ’relate cephalopod‘s to ather mé1lusks? What features of mollusks
o Aare faund in other phy]a" T " e |
2 2.7 what Is the ,primary food of the octopus" How does it locate, catch,

‘and eat its prey" . ,

37 How does the- chemica] composvhon of the cephalopod s "1nk“ aid -

s w
B

. in protect'lng the: squid" o '_ ' S A
b 5 4.. “Describe the Jet propu1swn of a sqmd e .

’ =

. 5. L'lst severa] speciaHzed method.s Of escaye (defer_ise. mecti'anisrhs;)
used b_y cephalopods 7

6. How does an octopus differ’ from a SCL.? List differences I )
o 730- § - '
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' ~ Figure 3. SQUID ANATOMY
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I A urface - .
Y B

w

(‘" . Tentacle

) , N - . « o

Anterior . ]
R 4

N\ Posterior -

znd
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' Further Act1v1t1es - S 7( -

RE Visit a’local mellusk aquaculture site. .

2. Collect d‘lécarded food debris from around ‘octopus dens "Identify >
N the species used as food. - o Ej
. Design and- conduct. behaviora’l stud1es on octopuses. ;
f" 4 Try differ/ént cephalopud rec1pes and different cookmg methods

such\ as. g)oﬂing, -baking, broﬂmg and smokmg

o
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| WMSS:- Living Oceag———.. . - . .Teacher Page,
Unit 6: Mollusca’. o ~ T (t-1).
- ‘ .. o N s, E _- . _. ) ‘. ] N “’“v- ‘ .
N ST " 2.  HEAD-FOOT MOLLUSKS \ ‘ .
4 o . (b,jecﬁves I ' ' o~ ,
e _ R DS -To deteul'lne the d'lstinguish'lng features of cephalopods us'lng

“the squid as an example..

2. - To describe cephalopod Jet propulswn and to locate structures )

. - responsible for locomotion. - .
4 | - 3. To describe methods of P"Otect'lon and feed'lng» used by cephaToPOdg
: R Tolcliescribe nther cephalopod groups and to relate cephalopods to .
’ usks.
5. To'sample squid as 2 food. - .) e
) .Haterials . | o
v e ., Initial PJaration - .

. -Purchase frozen squid from a local market. One package usually o
contafns enough squid for one class (about 15-20 squid). Specimens
approximately lgtcm (including head and arms)-are suitable. . _
- ‘Thaw before firdt class. Refrigerate squid to be used later
. in other classes. Have students bring the sausage, herbs and
'canned food to class.

«

‘.

. ' |
If possible, have an octopus on display in the. classroom aquariun
In Hawaii, the "day" species is best for jquarium observation'as §
it can tolerate daylight, whereas the “night" species moves away

BT from Ticht.  ° . _ . -

. _gg{h@ent per'C]ass : o
" See Student pagg S-1.
F FE?T References
. Teacher References .
oo _ ' Berry. -F. 912
S N ‘,5.Buchsbaum. R 1974 Aninals H'Ithout ﬂackbones pp.' 19;;-20&
. " Kay, A._ < 1970 Biology of Mollusks, A Symposium.
- 4 ~ HI¥E %gcﬁ Report No. 21. S
'S ’ ’ R " - . - ~_
. 33 . j\ ¥
' " 37 ' ¢
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JoA ot e
o Introduction (Contgins some 1nfnnnat10n_,nee_ded to answer Summary Questions, s-4). \/
_ Cephalopods have ‘their moliuscan foot subdivided into "arms" that o
extend from the head. The .squid‘s pair af extra-=long arms ‘are some- - . . o
times called tentaclés.” The squid mouth is located at the base of
the head inside the umbre]]afi arms. [t contains a horgy beak made . - ;
. - up of two' jaws. The shape o he jaws is used to disting'uish varieties . J
" ‘within species. A ré&dula or horny strip on the -floor of the mouth . '
- {s alsa present. o, . B

. L RS . X :
. " & Squids.and octopuses have three. specialized means to escape-
- -predators! ~camouflage, .illusion by ink-cloud, and-jet propulsion. , -
- can' camouflage their ‘skin color fin chameleon-1ike fashion. to . N ‘.
. -'blend with the surrounding environment and can also-create 2 shadow . & _
1m?e by -throwing ‘out am ink-cloud which predators confuse for the R P
real, escaping animal. The shadow image lasts long ‘enough for . )
-escape because the ink conta'ins a waxy. substance that retards diffusion
’ " into the surrounding water. predators such as tuna, sharks and eels,.
- which commonly prey on cephalopods often fail to catchtfiem or are only
able to bite off an arm or tentacle. It is not unusual to find an- ) \
octopus or squid with one or-more stubs afong its remaining tentacles. . .
Ifr caugﬁt.» the octopus can bite it's attacker with its" powerful beak.

. : _Shells of cephalopods.rapge from the complete external covering ,! L
. - of the nautilus to the complete absence of shell in the octopus. Between ' ')

3+  ‘these extremes_is the reduced internal. shell of the squid.
= - s by

. In Hawaii, ‘ther'e are- two shallow water species of octopus com-
o monly found. The "day” octopus, js a brownish animal which can grow
~w+ 4 up to 2mlong and weigh from 2.5 kilos. The "night” octopus ‘is a

> smallers reddish arfimal %§th Yonger tentacles.
S B S . . ST

"V " The presence of. empty-clim and crab shells often indicates the T
entrance to a "day" octopus.dén; as these invertebrates are often
eatén by octopuses. .

AR T
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. -Octopuses are bot;;:\dWe11ers-and are ¥ound inside the reef, .
. .°~_.  while most,squids are nektonic,{free swimming) and live outside "the . o
A reef. In Hawaii, pedple mistakenly think they are. catching squid when .
' + - they'go "squiding", but.they are really hunting, for octopdses inside *
© the reef, . I ¥

.. -, .- Farming ogtopuses has been tried in Hawaii. Dr. W. Van Heukelem,
}/ . +" who has worked with fertilized eggs of both Hawaiian species and a ~
. Mexican veriety, has found that to date only the Mexican species,
-'witich has a.larger-egg, can be farmed commercially. This may be
because the greater nutrient content in the larger egg helps the
newly hatched Mexican species to survive under artificial condittons.
Investigation (numbers -refer o Student Procedures) 0
1. Ask students to keep Summary Questions in mind as you present
background information to -them on ‘cephalopods. ) e é
. a. Trace the passage of water through a cephalopod's jet propul-
-sian system for the class. The mantle dilates and water enters
under the dgrsal surface margin. The water exits upon con-
- traction of the mantle muscle viatthe'ﬁiphonf At this moment,
5 .~ .the mantle margin is tightly pressed to the squid's body..
: : _The pallial cartilages maintain mantle shape and direction of
water flow. Theé siphon can be.directed forward or backward.
. : ’ b
b. - Emphasize cephalopod ecology and escape mechantsms’, such as
jet propulsion, ink cloud fonnatiqqi and camouflage.

<« o - 2. Show students how to place squid on newspaper aligning it as shown
oo in Figure 2. - . o . } T
3. .Demonstrate how to ré%ove'thé pen. Discuss how the’ cephalopod
Vo skeletonf@volved. L : .- C St
' : < 6. The waxy ink will not dissolve well in wafér. "It will diffuse
' : . better -in alcohol or carbon tetrachloride. .

7. 'Eiamine,a sucker cup for design. Inform the students that
' sucker design:1is taxdngmical]y important to differentiate .
. ' varieties within a species. e .

N .

e

i 8. . Remove beak. It is easy to eject by squeezing the mouth area.' .

R

L o . . o t AT T Cs
v ‘¢... Freeje.al} wiscera from the sqlid.: Peripdically; slice off a
- . , piece of frozen viscera and’ feed to agualium, inhabitants as -
R , ‘\\g‘variat1on ofi their daily diets. -
Q-
. , ,

O
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'CoTlect the cTeaMntles apd tentac]es Prior to cookﬁtg,
" ‘you can remove the pigmented covering of the mantle. -It's not

) .u ;_'w . . . '5‘/ . . .
) m . : . .- L - . . \ .

i C.ra_b's:arl_nj_ mf]}&s. .'Eyes. Tentacles. Beak.

The ua‘xi"l‘nk kadps it f diffusi‘ﬁg' rapidly, ..
Y . ?15cﬂ§'séd undeMion 1 on prevmus page.
/

. .- N v A . e
oo -:.'."l . ™ - A ’ . 5. -
) . : <, A ) - -7

-—

essential, but the mantle will be whiter when cooked. Have a '
stuaent d_o the cooking. The sduid cooks rapidly and turns . R
white when dong 0vercookmg resu]ts in toughness : v .

) . | S . o S
halopods - @.'_ﬂonusks o N
- ’ 5 . . -

. . . A
-foot divided into arms #foot - . vt
-shell reduction -shell C : 5 /
~mantle as swimming organ -radula ° Q
-suckers on tentacles o :
-image perce'lvihg eyes .;
Commonalities with Other Phyla , ,

PRSI B . /‘

4B1latera'l symnetry, complete digestive tract, etc.

4

E‘

Refer to Introduction,. page T-2. N
Octopus - .squid
'Ioht arms of the same. ’ -ten arms, éne pair Jonger'
th : -cigar-shaped body
-bulboug body form ‘ -midwater :
sbenthic - L : L !
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- an_excerpt from ) ‘ >

UNIT 1. TRANSPORTATION

" Umit 1.* Transportation is one of four units in the theme Technolggy
- and the Ocean. Unit 1 examines the size, structure, and function of
~ .- sea transport in terms of stability,. buoyancy, and relative carrying
© capacity. - - ,

fopic 4. The Size of Transport Conveyances provides students with
concrete representationd of. various ships. Comoarisons can then be
made with airplanes, railroad trains, and trucks on the relative
capacity and efficiency of various modes of transportation.

-

-38- L.
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. Uait1: Transportation - . . - (5-1)

3 - 4. THE SIZE OF TRANSPORT couvsvnncss

There are often tremendous d)fferences in size and weight of dif-
ferent vehicles. For example, a Volkswagen bug is four meters long
and weighs 643 kg (1800 pdunds). By compar%son, some oil tankers

_ (Figure 1), the largest vehlcles on earth have a length of 435 m
(‘ (about four and a haif footba11 fields) and a welgHET-} 500,000, 060 kg
(500.000 tons). Although we can readily visualize the dimensions of

a Volkswagen,anost of us cannot as easily picture the size of a huge<
; 13

_ supertanker. ' P o o o .

"Figure’ 1. Supertanker

A4

Activities
1. Construct ‘profiles. to scale of various transport conveyances

‘ 2. Compare the sizes and carrylng capacities of‘yarwous "conveyances..

Procedure _ .

1. Choose one. type of conveyance to study. Select one of the land,
sea, or air transoort vehjcles_described in the Reference Pages, or
choose another type of interest to you. | L ‘

f 2. Using the Reference on Conveyance Statistics or other resources,

. describe the size of the conveyance.’ Use the fofMowing terms and
. others'that are appropriate: . .
b ‘ - . f‘, . ’ ©

SR -39- 0ty
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© HsS: recmlog'y 1.4 - o« . (s-2).

" a. overa]] ]ength (distance between extreﬁe ends)
b.  width {the beam of a ship)
c. height (the distance from a_ship's top’ deck to its huH bottom)
- d - cargo capacity (either as weight or volume)
~e. speed )
.. f. cruising range
R N flt.llellef.f'iciency B Sy
t 2m.

3. Construct a profile to scale using the scale 1 cm
. A 4 :
a. Draw the out]ine of the conveyance on poster board.

s b

b. ” 'lttach a card describ1ng the. features of the conveyanée.
Lc. Post th‘ profi]e on the bulletin board. v
4. Denonstrate the cargo weight capac1ty of your conveyance Represent
_th'ls by using léram of sand for every I’OO-tons or cargo. 'Dis-
plaf the sand on a piece of paper labelied with-information
deﬁéribiﬁg the conveyance.
5. Comparirthe-relafive sizes of conveyances n terms of lengtﬁ,

width and cargq_capacity; Express your comparisons in terms of

ratios. - N

Sunhanqudesiions s R

1.  How does your conveyance compare in size and capacity ‘

a. to the largest conveyance in- the class?
b. , to the smallest conveyance?

2. . How large is a supertanker’ How may Volkswagens would. be
equiva]ent in carrying capacity to a supertanker’ How many

.. Boeing 747' s? 4 : ’

1<
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3-3iﬁuh1ch can tré’%port a greater weight of.cargo. a 100 car fFEIth
trafn or a supertanker’ Hou do they compare in terms of speed
and fuel efficiency? ' C ' '

4, Some supertanker} are\so 1arge that on]y a few harbors in the
world will hold them. What possible advantages could there be

' - 1p making them so supertankers so'lé}ge? What disadvanta§es?

) Fﬁfther Activities

Construct profiles to scale of large marine animals.l Include

' porpoises; whales and giant squid.' Compare sizes.
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Unft 1: Transportatwn . , , e (T-1)
r 4, THE SIZE OF TRANSPORT ‘CONVEYANCES

”
/
¢

j )
'(bjectives
" To aid students 1n conceptua]izmg size and weight differences
of various ships, p1anes and land vehicles.
) ' Ly
: Hlter'lals .

Equipment per Class -
-gﬁ H%ers of sand

: Equipment per Group

., -poster board -

-scissors :
~-ruler ) '

Teacher References

Dodman, F: - 1973  The Observers Book of Ships. Frvederick' ”

. L oo Warne & Company, Ltd:
Landstrom, B. . 1976  The Ship. Doubleday and Company Inc.
Lewis, E. and ~ 1965 - Ships. T1me, Inc.

R. 0'Brian . i
Matson Navigation 1976 "What's So Different About Hawaii?

. Company - :
Mostert, N. 1975 Sugershig -

N

" Sweeney, J: 1970 A Pictorial Histroy of Oceanographic Submers1b1es

Ha]l(er. c. F ) 1967 The World's Passenger Ships.

Handouts
“Refere rences on Cunveyances Statisqncs

Anticpated Time
Two periods. A o : . '-.7.,«'

-~

. - _ >

w
Introduction . _ ST L,.

: Some of the U]tra-Large Crude Carriers (supertankers) being built
" - today are so enormous they are difficult to imagine. Comparing such a,
means of transportatwn with vehicles in everyday use {(e.g., cars) is
helpful when trying to conceptualize them. Mostert (3 upership, 1975)

- describes one of eight tanks in a supertanker as being the size-of a
cathedra]' Mey€hant sailors ride bicycles to get from their Tiving
. quarters to tfie bow of a ‘tanker. These ships are the length of the
world's tallest buildings. Yet a student may never see such a ship,
since supertankers can't fit into most ports. It has® been estimated,

-

: : | -42-
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though, that\a.supertanker carrying ‘crude oil from Saudi Arabia to the . -

East Coast of\the U.S.A. can pay for jtself after about foyr successS=

ful voyaggs! o . . . : .

.

. »

" ‘The volume of a ship increases as a function of the cube of its
. length, So if you double the length of a ‘ship, keeping all dimensions

. ¢ proportional, you increase its size and cargo capacity by ei ht -times.
Also,-the ship will probably cost eight.times as much to build. - = -

Investiqation

1. , Gather a collection of books with pictﬁres of boats, planes and
- * ships. that students may refer to. One set of Reference on ]
Conveyances Statistics should be available to each class. '

2. Review the Procedure with the class.

3. The size.of the student group assigned to the .cutting out of a
: profile depends on the size of the vehicle. It will, for -exam-
ple, take three or four students to cut out a supertanker and
one student on a Volkswagen. )

"

4. When statistics about a vehicle are not available have the students
estimate these statistics from the information they already have.

- -
[N

Summary Questions -

1. ' Depends on the student’s choice. \
2. .Stress that only "ballpark" answers are Seing sought. The esSential
point:is that the student realizes that one vehtcle's yolume :
must be divided into the other-vehicle's volume. . '
3. A supertanker carries many times. the weight that a 100 car
freight train does. Their fuel efficiencies are.comparable.. The
train can travel about 87 km/hr, which is 2.5 times the speed of
a supertanker. (Although students’ in Hawaii are unfamiliar with .. o
railroad trains, they are familiar with containerized‘cargo ships
and with trucks hauling these containers from the do¢ks. - Each
- raitroad car typically: carries two or three.containers.)

4. Crew size hardly varies with ship size. Alsa, the larger a ship
js, the more fue]-efficient it is. This is because wind and water
. pesistance are.proportional to the surface area of the ship, not
the volume. A ship with twice the volume of -another ship of
comparable proportions needs to develop less than twice the pro-
pulsive force (glmove at the same speed.. ’

L .
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. HMSS: | Technology 14 . A . Reference PagE
Unit 1% Transportation’ = = . ' v (R-1)
T Vo S _ S .
REFERENCE
4. CONVEYANCE STATISTICS .-

-

A. Sedan'autoﬁob;1ev

) ] Yolkswagen Bog R o . -
-built 1940°s - 1970's o LY
-weight: 643 kg (1800 pounds) '
-length: 4 m | . o

| -speed: up to 80-90 mph (128-144 e

Volkswagen bugs can carry up to four (craﬁpeq) passengers,
Ut " and ‘get 20-30 miles per ga'ﬁon Lo'r 8-12 krr./])'.: ‘Th‘ey are no .

longer beihg built for the United States. o R

‘ 8. qué}tanker-a _ .

. S.5. Ardshiel . —

" Flength: 330 m o :
-width: 82 m - - \
-d'l'sp'lacemeﬁt’:' 214,000 tons deadweight of 214,000,000 kg
-speed: 20 knots or 39 km/hr

-

5,’




Wss:  Technology 1.4 ‘ St (R2)
Reference for Topic 4 : , :

‘ *1 tomne 15 1,103 tons or 2204 1bs. | |
A . . : : -
" C. __Airplane . : -
li: . Boeind 747 A o |
| “ o -built 1967 - 1970 ' Y
-weight: 315,000 b (14,100 kg) .
- -length: 70.5 metefs Ly o :
. ' -speed: 600 mpﬁa(%olkm/h;). '

The 747's first went .into service in 1970. ~They're capa-,
_ ble of carrying up to.590:pa55engers and can fly around the
world in record;time (46 hours, 50 seconds) for a subsonic air-
1 4 : . .

craft._.747fs have provgh‘fo”be‘extremely save and reliable.,

;G
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Technology 1 4 . o . S
Reference for Topic 4 - . : : (R-3)_'
T .
. b Container Sﬁg ‘
> ] Hewaﬁan Enterprise o ' N :
: gengﬂ\ 245 m) KR ' o
o  -height: 45m | PR _
-displacement 3,000,000, 000 1bs or 153 000,000 kg »
 -speed: 21 knots or 39 km/hr '
. . Most of the ﬁon-petpo]euﬁ crago enterin'g and 1e‘avi~ng ‘the .
. | C Hawaiian ls]an?.l_s is 'transported on conteiner'ships.
o . v : ’ . . . o L
- E.__Muclear Submarine S S
, George Washington g
" -bui{t 1959; DfS. : | o (/ . .
-  -lemgth: 131m. / N : =
\ o -umen n_um' . : o | E -
: - .displacement: 5,600 tonnes, 12,300,000 1bs or 5,600,009 kg . '
-épeed: over 30 knots or 56 km/hr e o ‘ .
N The George Washington is aimed with 16 Polaris missiles .
: : ; a )
B which are 10 m long, 1.3 m wide and possess a nuclear warhead..
’ o
) : ' AN
/ . o ’
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HMSS : “Technol ogy 1.4.

Reference for Topic 4% -~ ‘ P '4 : (R-5)

" F.

Passenger Liner

 Mariposa . . .
 —built 1953; U.S. S
-length: 171 m

-speed: 20 knots or about 37_Iun/h;' '

The Hariposa can hold 355 pasﬁengers, and was built as a-.

' luxury liner for first class passengers oniy. The ship wac the

last U.S. passenger Hner,.'having discontinued operation in

Apré1, 1978.

°

Fishing Boat

Tuna Clipper ™
-buitt 1960's; u.s.
-length: 160 ft..or 42 m -
~
-width: 30 ft. or,9 m
-speed:. 12 knots or, 22 km/hr
[ ]

-cruising range:

A
N
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Rcfomm for Topic 4-

mssrechnologyu‘-'- o L e
N (me)

This type of hoat i n<ed for_tuna fishing. Individual’

© fishers have their dwn rod and 110§, aiﬁ'ﬂlh‘from a pIatform

uhich projects all around the hull. Live bait is kept in tanks

on the deck.
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