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Oeeanoyg r'alp[l}', forestry,  management of
ranges, fisheries. wildlife, streams, pollution,
lmnelooy, biogenchemistry, hvdrology, sam-
rary engineering, and many other subjects?
arc on the long list of arcas of scicnee and
rechnolory concerned with man’s survival and
111:1|1r|1_:c11:1.:n[ of the planet. These are branches
of environmental seience. In tondan s ficree
canperition any socieral system which survives
will e ane with a sustained syvstem for uti-
liging the environmental resourees. Fducation
of a weneration of leaders who can use the
cnvironments ctfectively is a major need.

Juse as basic Fnglish must serve the edu-
cational needs of students who o later enrer
hundreds of different occupations with varied,
heavy responsibilities of hteracy, so the sci-
ence in the schools must be of a basie nature
th Pu:'mit students to understand the essentials
of the umiriplif:it_ﬁ. of advanced and :'lpplicd
subjects in an ever more complex age of
SCIENCe.

The basic science concerned with the en-
vironment is ceology, the study of environ-
ments [ foreses, ﬁc'lt?ﬁ, lakes, seas, reefs, aguar-
I SVSECINs, Ii\'ing t::lpsulux for space, cte.).
In this article are set out some fundamentals
of ceology ;1|nng with ten practical class exer-
vises for the school, These excrcises in basic
ceology are introduced as a replacement for
the miscellancous comments on enviromnent
in many school texts, ;

The pracrical excreises are also sclecred to
show rhruu:_[h actual  student  participation
some essentials of the scientific process such
as comparison of hvpotheses and resules, re-
bating  two functions o s graph, statistical
use of replications, the controlled experiment.
the use of ;111:1|nguf: thi |cing. the makine of
wencralizations, the combined use of merhods
of several sciences, the use of instrumencal
measurements, and the emnbimed use of de-

"This paper was presented ar the NABT sessions
meeting with the AIBS ar Pennsvlvania Srare Uni-
versity, Angust, 1959,

The word conservation somerimes implics a disose,

tailed experiments and niaps o understand big
phenamena. =
In this article some ey diagrams and sup-
plementary notes are PI'CHCI]I;EJ for use on the
blackboard wicth each exercise. The hack-
around rc:uling.\ are to be found elsewhere
(Odum and Odum, 19393, The ten figures
were taken from ren lantern slides wsed
present a leeture on the rcnch[ng of ucnl::gﬁ.'
at an AIBS meeting. The twen figures mav
again be used for this same purpase in text-
Lbooks or in cducarion ¢lasses in the college.
By addition or subtraction of supplementary
details of varving  difficuley, these exercises
may o serve oo start envirommenol  seience
wherever it is frse gircn whether in the
aramnar school or the graduate school,

Class 1—Rasic Conceprs, The Ecosystenr, The
ilarld Balance (Figiee 1)

On the firse dav the principles of the bal-
anced carth and the halanced aquariwm are
presented, It is shown thae products of res-
pir-.ltinn f:x;u:ti}' l..:mnph:mcn[ pht][(]ﬁ}"[\tl]cﬁi_‘i
ad viee versa, The two great encrgy lawsy
are illustrated, (1) conservation of éncrgx',
and (2} degradation of concentrated cn{;r‘::‘;'}-
Tty pes e unusable, LlEspr:]'scd, heat. Te is cs-
|"':Ci"1].1" i|11|,1m't-.u1.r tor show thae all the reac-
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fions involve degradarion of encrav. The usual
whoo! rexts. that show energy on one side
of a reaction only are very misleading abour
energy resources which are important to our
SIII"I'i-"-':'Jl' In the discussion the reacher can
elaborate with K!1CL'iﬁﬂ.‘ examples, mention syvs-
rems that do nor balance, estimare quanrities
involved per acre per dav, enumerate names
of ormanisins invelved in the different proc-
esses, list the mineral substances, and specify
mechanisms of circulation. Then he may in-
rroduce the word ecosysrenn as the name for
the functioming environments which usually
have {a) photosvothesis, (b) respiration. and
(ch hingcnchr:nic.l! circulatinn.

Class 2=An Ecosystew Example, Field Trip
to a Figh Pend (Figrre 2)

Next an outdoor pond ccosystem is visited.
Jarge organisins are collected with a dip ner.
|'-‘!-.u'1-l.-mr1 nets are made [n_'..' the students lr_\'
ricing 2 bottle in the toe of a stocking whaose
LI]‘.I;.'-L:_T emd is |,1innm| or sewed on a coat hanger
rim. A cloth bag like a sogar saclk can also
be used. When this net is pulled through the
water on a string, the water goes throogh
the cloth, bur flea-sized oreanisms stay in the
boetle. Hold the bottle o the iighf [0 sec
them or bring them back to the room and
pour them into an open bowl to warch, Trv
e find some evidence of the micrascopic
Lll:ipcndn;:u.l J!g:mc which o0 rlu'mrgh cloth.
When abundant, the water is green, although
silt also malkes water look green. The algrac
are the |‘=rim:51:rn1 }1!11ntux}'nthcxixﬁrﬁ although
the big p]:mrs.' help some too. Use a minnow
seine and husky bovs o pull through the
.‘f|l'.1|]n“'.~. tooger small fsh, snails, and water
INSCCTs,

After some collecting is done in this way,
the reacher draws the class together and tells
4 story abour rhe inflow of light cnergy—
taking note of the depth that photosynthesis
tan aceur by 11:Jti|1g the dtpih that a stick
e be aliscired. Fxplain how the hidden al-
g make rhe food; the Aea-sive animals ear
I and the rest of the larger creatures eat the
little anisnals. “Then pull up some black, hot-
tom "!'“-Hi on 2 stick and cxplain that the
"*"-‘h'.‘lr'm are L!m‘urnpusing the lefr-overs aml
|‘::lf:;m“g the minerals and carbon-dioxide for
r_"“'r]‘CT tound. Show how the wind waves
“'I‘I?'.\'. the circulation. Show how photosyn-
thesis is in the top of the pond and much of
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the vespiration s in the lower levels of warer
amdd boteom mud. Indicare thar the pond s a
1'.\'pjr::1| ECOSNVSICH; refer back to rhe ideas in-
troduced in Class 1. T'rv keep the bovs
from 1n:cn:'n|r1-c-,r averconcerned wirth the fish.
Make them see the coosvstem more  than
croatures. I'.".plnin rhat rthe Drear oCcans are
butle and swork alimost in the same way,

CLASS 2 FISH POND - FIELD TP

ey

LT PONETAST 0, PRYTOPLANSTON, SHORL PLANTS,
IO0 PLANKTON [N MET, INSECTS OM SHORE OBMECTS
FISH 1 SEiME, RACTERWA, MUD SURFAZE

Figure 2

Class 3=Freparation of Microconns, Little
Laborarery Ecosvstcis (Figure 3)

In the third sesston some of the warer and
live matcerials colleeted from che }mmf cen-
svstem are used for the construction of scyv-
cral tvpes of littde svsvems in the classroom,
One kind has more animals than can be sup-
porred by planes as in the usual Aquarivm full
of fish. Respiration cxccods phorosvinthesis
(R = P); oxvgen comes in from the air con-
tinuously, Another tvpe without g animals
is fertilized with some plant nutrienes, such
a5 \’igm'n or orher ferolizer frimm the dime
store, and placed in bright Hehr, After one
o two weeks of growth such a svstem has
more photosynthesis than respiration (P > R,
Uer start these syvstems, seed them with the
collecrions from  outdoors and  walr o sce
whae the microcosms will |,n|'mim:r:. Iach will
lre different. :"l.ilpl_\' the same wdeas as in the
|,h|‘r:1"mu.'; sesstons i order o underseand the
functions. H}'mcnm with circulation supplicd
with o streain of bubbles wall be ditferent
from the ceosvsterns wirh less  circulation.
H}':«.n*m!\ that are closed up tighr wirth pi;l:,riu.-
sheets exeept for necessary light will approach
a balance (P ==1). ."'.I:llciru“._{r such :ulu:u'ium
svstems has been o custom in schoolrooms for
vears, but these svstems need o be studied
further as .‘illg;__rL'.‘-il'li.‘t' in the following para-
graphs.
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The teacher should explain char nearly a
half-million dollars & vear in defense money’
is now going into research on balanced SV
tems for space capsules, Sl_n'prmngi}', il
several vears ago nn one outside of the schools
worked with halanced svsrems which are now
suddenle of national defense imporeance. Tt is
e had we do not have the coambined experi-
cnce of the schaools recorded in the sclentific
publications, The teacher mav wse chis sirug-
rion t0 show how pure intelleerual PLrsuics
may unexpeetedly lead oo things of wreat
Pr;{[_;l’i(‘:!f importance later. Also ar this peine
the teacher can readily eiphasize the need
for writing down results, keeping records, and
publishing in the tvpe of journals that libraries
keep on permanent record,

There will be a tendency for students to
set up-fish ranks negleeting the system. Many
aipuarium nmagazines are filled with recom.
mendations for eliminating algac and bacteria
thus eliminaring the mose nteresting aspect of
the self-regulating microcosm. A fsh tank is
ro the microcesm what the fish haechery s
o the pond. A pond runs iselfs q |1-.|.rvr_'|1cr'_\'
deres maor.

Avaid chiorinared tapwater which ofren hay
rosde metal suhseances and unfavarable basie
condirions.

Clavs F—Diceesived Oleveen Measurenienis

In Class 4 0 simpie, mexpensive, and reliable
chemical procedure for measiring dissolved
nEVEen s tuaght for use in Huh_w:rucnr classes,
If the class is an clementary one, the proce-
dure is done in cookbool; stvle anutting the
derails of the chemistry, but if the class is at
aomore advanced level, some frst prinr,'ipfru
af ::hcun'.\;rr'_'.' ean be tanght at ehe same tme,
The vxyvpen procedure may be carfied into
the ficld for study of outside warers-toa. [his
o major ool of rhe fishery biologise and
sanitary engineer.

The procedure for uw:lriu]‘[ng CNVECN s
shown in the upper rwo pictures of Figul'c 4,
The solutions are made up and added with
the procedure below, Careful weighing is re-
tuired anly in making up the solution of the
hvpo although one does not need an analvrical

[

balance. In the reaction, first dissolved oxyren
reacts with manganous ions o form manganic
ions. When the solution s made acid, the
Manganic ions react with the jodide ions ro
form indine. In the tieration the thinsulfare
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CLASS 3 PREPARE  MICROCOSMS

BRIGHT LIGHT,
CAMERA METER
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1[1::_'nmpu5v.~; arul r;h:m:_:cr. widime o 1odide,
The Winkler Method for ."Llfnsurin:__y Oxygen
in Parts Per Million Dissolved in the Whter
Lo Till yvour oxyeen sample Lotele (100 o)
130 cr. capacity ) with water to be stud-
icd. 1o it wirhour lruhhring. Si]mr:n wirh
d tube from a bocker {“Pi.‘.ltd into the
Pl
20 Add 1o drops cabonr 104 CC.) nEInEanous

sulfate solurtion. To make solution puc 450

aramy of manganous  sulfare (MnSO),-

HLOY in 1 liter of water. This keeps in-

definirely,

Add Jf]-dl'n}!ﬁ {nbour 0.5 ¢ protassiim

h}'n!nlxidc-put:e.l.'.l.r'mn wdide solution. To

make up solution add so0 rranis sodium
hvdroside or 700 LrNs  potissiam hyv-
droxide t a diter of water, It gers hor,

Then add 135 grams sodivm iodide for

LSO grams potassium indide, Keep in rub-

hfl'-.t.rr:p]mrcd Licrle,

+. Pur top on bottle and mix wich three

wrist motions, Keep bubbles out jf pos-

sihle,

Wait onc wminure in fresh warer, (15

minuces in salt w ater ),

6, Take our top and add 135 drops sulfuric
acid {abour 0.5 ee.). Pt top i and mix
with wrist motion. This i5 concentrated
sulfuric acid obeainable from any service

taa

"
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cation where it is used for batreries. This
purns holes in clothes, meral, skin if nor
washed off.

The sample hartle should be vellow due
to the formation of iodine. There is an
ﬂ]._m,ﬂq.u amount of vellow iodine pres-
ent for dissolved oxvgen originally pres-
ent. If there is no oxvgen 'rlw bottle will
be clear; if there is much oxygen, the
potele will be bright orange. Thus vou
can el somerhing |m|4rhl\ without the
next step. Ar tl'm. |muu the umph_ 0or
samples may e kepe for a day or two,
One can do this part outdoors and bring
hack to school for the resr.

With a nn:‘:mm'ing device of some sort
(graduate cvlinder, piperte, glass with
mark on iE) measure our 100 ce. of the
vellogwe solurion.

Add several drops of fresh starch solu-
tion, enough to give a black or blue-black
color. Starch solution can be made h_'l.'
boiling a tab Icwp::nn of mashed fresh po-
ratecs in A cup of hmllnu water for 3
minurcs and f1|t+:!!r'irr lhlﬂugh a fine cloth.
It filters slowly, but one oy needs 7o
few drops. One can also use com starch.
crackers, or scraps of norchonl paper m
1 pinch.

10. Then ttrare with In']_ln solution, One does
this by adding drop by drop E“r“ solu-
tion from a buretre or graduared piperte
until the solution l:‘hru'.gn:s from black

CLASS 4 OEYGEN MEASUREMENT
H E - - U
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SPvN
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Figure 4
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through blue unnl elear, The number of
ce. of hvpo solution added s the numbe
oof pitrts per million dissolved in the UII"
mal selution. The |n po solution is miathe
by adding 3.102 frr.n'm sodinm rhiosulfare
:lu pir from plmm shop) to a liter of
water. In IcﬁlL.{'l.lrm this |u_|1*. for sev-
eral weeks., The n pooand  the starch
have to be made up Fresh when one searts
work after a period of time.

The reactions which ke |‘.|!.|.{:{- are shown
in the lower part of Figure 4. The overall
result is that some vellow odine is made in
the bottle m an amount t't!lli"-'ﬂ]l.‘ﬂl' toy the dis-
solved axveen in the water, Then one canses
the indine color o -.hnp}'-{ ar by .ulding a
sofution of lvpes. If the solutions are made up
s dndicared above, the amoune of hyvpo solu-
tiom adeded mdicares che amoune of dissalved
oxvgen that was present.

T'he method should be rried our in som
AGUATTUIM WIHErs, Then o pan of clean wate
about an inch deep should be left on a tble
overnight. The oxvgen in the water becomes
1dfu-ml to the amount which will dissolve
intor it from the air at the remperature. 1F one
measures this amount of oxvaen, one can stare
the gppr::'{jm;m: satwration value for rhe remp-
erature of the room, It will he probably abour
8 ppm.. d.tpc'mhn" on the temperature. I'xacr

values mav be obtained from ralides such as
the abbreviated one thar follows:
Abbreviared Table of Saturation NV alues for
Oxvgen in Parts per Million {ppm.)
Temperature, Degrees Fahrenhei
i2 50 73 =]
Oxvpen in fresh warer 43 R #2072

Oxvaen in sale warer, 3,573 1.3 &7 A7 4.1

Class i—Functional Relotionships of Light
and Plait Activity (Figure §)

The axvEen rechnique learned in Class 4 s
used next ro measure the merabslism of pl-mr-\
in quart-sized containers in imghr |1rll1r and in
the dark. Any kind of sheer of }1!.:“". may be
cut to float on the water keep oxveen
from exchanging with the air veTy fast. Meas-
urcments of oxv ren may he taken ever v lour
and  the t.hmm. measured.  The 1:]111||u|1|
should be moved to a ditferent light inrensity
nearer or furcher from the window as indi-
cated by the light meter. Any light merer
such as u:-mlmml'-. used in phn{n:rnuln will
work, Many students have them. “Then the
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peacher may show the use uf graphs o re-
Jare T mr::mu1‘1.'|.|‘1Iu-.1nr1r1c5, lighr and h”':“-]."'
axveen change. For HULI‘LtQ‘.‘fhflI] work hright
ights are needed. No artificial elassroom ligh
¢ Jikely to be over 200 foot-candles. whercas
Lt results are obtained if values up o 1000
ar e foot-candles are wsed. Such light
comes in the window fromm the ourdnors,

T'he teacher may discuss the resules inrerms
of hvpotheses pr:::liw:ring oxvgen iﬂt‘Tf_:nﬁe i@
the Tight and decrease in rhe dark. The re-
auiur{u of pilnru__\_v.'nrlm_-.i_-..nl-.l_'r again be ex-
gmined as in the Arse exercise.

CLAsS 8 PLANT ACTIWITY
FUMCTIONAL RELATIONSHIP, GRAPH

FLAT FLOATING
PLASTIC E @ I

PHOTOGRAPHIC
LIGHT METER

SIPHOM FOR Dy EVEAY NODN
ONE MIGHT MEASUREMENT

0Oz
CHENGE PER
HOUR

LIGHT INTENSITY

Figure §

Clags 6=Auinal Metabolisim and Teniperarnre

‘-”ll'.‘ oavEen tc;_-hni{]m: 15 :1g:|ir1 uscd, ths
ume to study respiration of animals ar differ-
Car remperatures. Ch:mgr:s in OXVECN CVery

ur are measurcd wirth some animal such as
3 woldfish or eravfish in 2 quart of water.
lUTill-lhﬁ are p!utn:n-l of the 1':::;u‘1'.~;. The role of
Wmperature in animal respiration and  the
season of narure can be discussed,

Class T— Measurement of PP and R i an
Ecosystemn, Staristical Replication

In Class 7 the combined action of the plant
[‘]“‘Tiﬁ}.'nthtﬁi:«- and the respiration of animals,
Plants, angd microorganisms in the mud 15 fol-
o e by making MEASUFEMEnts in one system.
he poal must he large so that many .*:-.-n'npk's

s Crassroon SEssions iy Foovosy
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CL&SS & AMIMAL METRBOLISM AND TEMPERATURE

PLASTIC
A~ i
CHENGE
e PER
EVERT HOUR

HOUR

TEMPERATURE
USE, ROOM TEMPERATURE,

SPOT MEAR MEATER,
REFRIGE RETOR

Figure 6

of warer can be removed wichous th'phzting
the water. One MRV Use fish pmbl. l'um{i. ruky,
or Ing tank in the class, providing ir has heen
fertilized. s in bright davlight, and has good
green gnm'th of :I]g.lc or other F‘I".ll'LT.‘\' m the
warer or on the walls,

In this work the wdea of rcplimtinn for
srarisrical accuracy should e imrroduced. 1f
the duplicate measurcments taken ar the same
time vary less than the changes from hour to
hour, then one has proof that the whole water
is actually clmnging and thar rhe observed
values represent the warer as a whaole., Tt is
desirable to mix the tub gently before sam-
FTillg tn impr\nrc the rcpmn;luctil:rili't}'.

If a curve is obtained like rhar in Figure 7,
ome mayv discuss what s happening at each
hour. In advanced elasses rhe amountes may be
computed and compared wirh values in natural
ceosvstems (Odum and Odum, 1959).

Class ¥—Cuoutrolled Exporineit

In the r:ighth session a truc scienthc cxpcriv
ment s pcrl'urmc:d in which the reacher and
class have hyvpotheses, but no one knows the
real answer that will come from cthe daea.
Photosynthesis is measured on treared  and
untreated plants. The results obrained may
ar mav not follow predictions, There may
be new prcdi::rinns 1In1' further n:xpcri]ncnr.\;.

All too rarely a true experiment is not per-
formed by a student in his education until he
begins graduate waork for master’s or docroral
{.lcgrtcs. What are called c.x'p['ri!ntnts 1 10st
curricula arce sequences of mere 'ﬂ:::hnit]uc tests,
measurements in which the studenr works to

S TR Y T T — | &
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STaTISTICAL 1DEAS

Figure 7

gl a correct answer, Active science concerns
rnsrm:l the study of the unknown, Much in
the science fairs are gadgers, devaid of ade-
- quare expoerimentation,

¢ Inosetting up che EXperiene, cvery effore
shonbd be made o use cgual sived plants, such
thosprigs of flodes, in eiual quantities of
witer. Fach conminer should e placed in
similar ligrhe intensity by using the light mcter.
'.-"Llllr Lind of rreatmenr may be applicd. Here
15 0 gennd place for rhe reacher 1o cmplnsize
the role of magination in scicnee, Students
shoald daw fdeas From therr
sitbstances har ought o
cffect on the plant
then test their jdeas
an e different,

G

CXPETICNCE 0% to
have some kind of
photosynthesis, They can
. Fach ser of Cxperinents

¢ Class 9—¢ feog e plical Aspects af Conservation

nthe nined, session some of the Hplications
b the Previous measurcmenrs on COO8Y KECTI S
e extended wirhy the nse of seraplio i waorlk
W omaps, Ty lirge extent the distribution
" if fertiliey: of g e ean be relared o lishe,
- the requirements for plants. or o localived
ACCUnulation, o f EANIC nerer seasonally
o stographically, Fyen the history of s
_ml”f""f-i'lflﬂll and ey clopment of carly civilizg.
;:::;HHHH b rci;ucﬂ to thc_:1i.~<rrit:1|'1-i:_m rrf P
: ”1; the cartly rhulw:lrmus connbiinarions
A ||'L'f|::f“- H. :”."‘1 the various scasonal parcerns
T mdintion ean e compared,
I”_Fnc‘}‘lrl"ﬂ_tzhw should include a map of che
'Pal veaetagiog tvpes of the warld, a map
“ones of the world, 4 map of

Vv

if the e all

‘ Febraary, 1960
CLASS 7 MEASURING F AND R CLASS B A CONTROLLED EXPERWENT
IN AN ECOSTSTEM
POND AND MICROCOSM OXYUEN CHAMGE PER HOUR 1N PLANTS AT  USE LisHT
SIMLAR  LIGHT METED
] 1 | r__*
5— ! 9?5%* S ﬁg« ﬁ )
(
il & il __Il REFLICATIONS
‘I"“}L Rl S Lo (O SREE S|
» NG WiTH
TRELTMENT TRESIMENT
, I | i
o ::'M 2 p’:‘ a FERTILIZER
COPPER SULFATE
P« RATE OF RISE DAYTIME
[+ RA4TE OF FALL MiGHTIME UL EITES feh

UNEMNCWM

Figure K

temperatures of the air and sen, and colored
pictures of ccosystems. The teacher tmigrhe ask
which student can accumulae the most con-
systems from clipping magazine pictures. Fach
studene mayv tryv oo stare sn:n{-rhing abiour the
vverall metabolism {photosynthesis and  res-
piration ). What docs man di ro an ceasvsrem
when he applics such treanmenrs as fertiliza-
rien, wecding, clu':;u'l'ng. dr.-nining. h-.u't'c.arfng,
prisoning, isnlaring, burning, uliminaring fire,
G, =

CLASS 9

GEDGRARHY  AND COMSERVATION
BLANK MAPS OF WORLD — DRaw M
VEGETATION Z0MES, FERTILE SEa I0MNE, REEFS
AGRICULTURE TYPES,
SCRAPAOOK :

CUT QUT FCTURE OF SYSTEMS ANO WRITE
F= R STORY

P— R BaLANCED

PR PRODUCING — NEED Aaw MaTERIAL S
PR CONSUMING - RELEASES Raw MATERIALS

INCLUDE  POLLUTION, SMIMAL HUSEANDRY, AGRICULT URE
FISHING, SACTIC, TROPICS, WINTER, SUMMER,
SATTELLITE ECOSYSTEM

MECUSS RAW MATERIAL STORY FOR EACH PICTURE

Figure 9

Clavs H—Ecosysten Clernfrister

Cne of the principal wavs in which science
nekes progress is through the imagination of
people who get an idea from one phenomenon
thar sugrests how another sitwarinn might he
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CLASS 10 ECOSYSTEM COMPUTER

USE IRON, WIRE, AND MILLIAMMETERS TO CONSTRUCT P=R
SYSTEM WHERE ELECTRIC CURRENT IS THE FLOW OF

CARBON
IMPORTED FOOQD
i
R OF i“" R OF ANIMALS

—t =" AND
PLANTS \ PLANTS BACTERIA
7
-

J

FERTILIZER

1S
VOLTS

R o,

T

el

IJIH

VOLT

T
& i EXPORTED

L

P 1000 T
— -
0—100 PLANT| (17 &/

MILLIAMMETERS

R |\W/) exporren %
[— CARBON y

Figure 10

observed, In the renth session we see how an lized in combining P]'I:‘;'Si{.:'.'l.l and hir:!ngicnl
cleetrical svstem can serve as an analogue  science to make a gadger, which mimies in
suggestng thm[{v-‘. about ecosystems. Students  some wavs the flow of materials in the cco-
with a ven for “the soldering iron can be uri-  svstem.
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A tlow diagram for materials in oa simple
censvsten 1% pu,run:d in Figure 10 Jhm:- with
an clectrical analogue computer to mateh. The
il of clectrons in the wires mav be com-
]}:|rt‘|.| to the Aow of carbon in the food ch
and bingeochemical evele. Batreries represent
rwo cnergy sources, (a) the sun’s energy for
the pl-mr-\ and () the arganic matter im-
i’””c"i from outside as in the cxuuph. of the
srreamn ecosvstem when leaves fall in, By vary-
ing the resistances, onc may vary the amounts
of clectricity in the cireuits. Bv .ul|m[||1tr the
circuits, one may illustrate the interactions in
the ccosvstem.  Increasing  import increases
rcnpir-.ttiu'n; decreasing  plant  respiration in
ereases the mnount available to antmal respira-
tion, for example. The voltage in the clectrical
circuirs may he LHII'II‘.I‘II{.‘tl to the concentations
of food thar occur in nature. An aceumulation
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of plaints in high voltage in driving food
thrﬂll‘:,'h snails. for C\"'lll!ll‘.ll(. I]u: svstem in
Figure 10 is a simple case for an ccosvstem in
a steady state. without scasonal or  other
changes. With some ingenuity, with electrieal
Lunduw.n and with the !:dp of the physics
classes much more claborare arrangements are
possible. Student projects may study further
the ecosvstem in narure. in the classroom, and
in clecrrieal analogues, Ecosvstem science is
new and these thlnm. have vet to be done by
anvhody, Thus the “ten sessions on science can
end with some vision of the future and the
pessible control of nmature when the circuirs
af the coosvstem can be controlled,
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