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ABSTRACT

'This puper presents an evaluation of proposed life suppért systems
based on ecologlcal theory. The two organism life support system {i.e.
algae - man) is compared with a multi-species life support sysiem as to
atability, structure, and pnergy flow. It is concluded that the mulbti-
species system ié acologically more sound, Thia ?osition is supported

with data teken from laboratory microecosystems.



A man in a apace capsule is & wmembex of an ccosystem, comgequently,
will be affected by all that goes on im this ecosystem. The success of
long-term space £light may well depemd on our success in developing a
life supported system which is stable and long-lived, It is the puzpose
of this paper fo discuss some properties of ecosystoms which pzomote
stability and longevity, snd to propose that life support gystems must -
be developed within the conceptual framework of the matuve multi-species
egosysten,

Several types of life support:systens have been designed or suggested
to handle the following aspects of astronmaut metabolism: gas exchange, food
production, waste disposal and mutclemt and water vegeneration, Of those
proposed, only the storage system, designed for short £lights, has beem
successfully tested, PFor flights of long durationm, only bio-regenerative
systems appear to be feasible, The twoespecies gas exchange and/for food
pfoduction model has received much attention, These have .been degeribed

ag the unialgaleman gas exchanger Qfyers, 1560; others) and the Hydrogemomonas -

man 1ife support system (Pongexs and Rok, 1964; others). In addition, Oswld,
et a1, (1965) have discussed the feasibility of an algaee-bacterise-mamal
system, One other type of 1life support system has been suggested. This

is the multi-species climax ecosystem as proposed by H, T. Odum (1963),

and which will 'be the topie of this paper.

There are at leagt two approaches to the development of life support
systems, One of these consists of the testing and latew assembling of
separate biological, chemical and mechanical components. The second
consists of allowing groups of species known to occur together Lo re-
assemble and reorganize im & new environment into an integrated, self-

maintaining eystem. This system we call an ecosystem, Nature operates



by the second method, Mau uses the first in constructing his machines, We
cubmit that the firsc is eco]ogicélly wagound and will prove Eo be unsuccess-
ful., The balance of this paper will prescnt evidence to chow that the multi-
species approach will provide the greatesé chance of a successful long-tera
life-aupport system,.

An ecosystem is any assemblage of organisus and their abiotic envizon-
ment which have the following characteristics (E. P. Odum, 1959, 1963)-:
‘structural organization, intewdependency of components, homeostasis and
regulation (either external or imternal or both), limits spd thresholds,
and a development toward & steady state with increasing adaptation with
aud control of the ﬁhysical enviromment {succession), ' Thare are four
components of an ecosystem: (1) abiotic substances'(orgénic and inor-
ganie), {2) produceis, or autoirophs,?{3) consumexs8 or phagotrophs which
feed on layger paréicles; and (4) decomposers or osmotrophs, Whilch derive
their suppoxt ffom smallexr or moleculsz size particles, Béth'of these
latter categories decompose orgamic material amd release products usablc
by'pfoducers. ' )

Oné of the most important attributes of ccosystems is the uni-
directional flow éf energy £xom green plants through food webs to
consumexrs and decdmposexs. The asmount of photosyathate stored in excess
of daytime commhnity vespiration is termed met community photosynthesis.
At night, part or all of this net storage it comsumed by community respira-
tion. A continved excese of community photosynthesis over commmity
respiration leade to sn accumulation of biomass. Eventuzlly this
accumilation of bicuass stops as limits of utilization of light input

are reached or nﬁtrientsibecoming iimiting, or some phygical threshold

such as space requirements is reached.
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EZcosystems hoeve struecture., 2By this vwe mean biomsss, stratificatiom
of both living and non-living substances, and biochenical and specica
diveveity, Depending on age and limltetioms of the phycical epvircmment,
structure is mor«?l)r less appavent im terms of the numbers of species.

An ecosystem with many species pex unlt number of individuals may have
a very complex food web as 8 vesult of niche (wy of 1iZe™) spscié 1ie
zatdon by these gpecies. Also, as the oumber of species increszses, the
mrmber of homeostatic or regulztory mechanisms incresses, and the
orpanisms within and botween the various trophic levels become more
dadépendent. Theze is incrcasing ovidence to show that diverse ccow
systems axe also diverse biochemically (Qfarealef, 18963b).

The txyuly uvnique feature of ecosystems, however, iz not structuve
oz regulation, since these might be accomplished through external mechanleanl
wmeang, but the ability r';f geosystems to develop, to come to a steady, seliw
mzintaining, mature stage, cften called a climazc ecosysten, Sowme esamples
of matura ‘sysi:ems zdapted to particular physical fector regimes sze

temperste North Amewilcan Stips-Binteloua perennial grossland, castern

deciduous pak~hickory forest, imtertidal mangrove forsst (Golley, gt al, 1962},
tropical Tain forest and coral reef {(Odum amd Gdum, 1559}, Orientel rice
culture represents an agricultursl system mointained by men which s wore
miture and stable than, for example, shifting vow crop tropleal agricultuwe,
The mature ecosystenm tends £o:6¥hibit the meximum in structure and stabil-
ity, within the limits impes'ed by tha physicsl enviromment.

It i5 the mature ecosysten which we propose as the theorvetical basis
for the development of 1ifc support systems, We belicve that lomg-tern
stability, which is the result of the development of many hcmeostezti;:

mechanisns chrough succession, must be the underiying concept in the



de{relopmcnt of a depomndable life support systew. In other words, & multi-
species systen, with it asscciated kigh stability, has a fay higher
probability of survival than, for cmsmple, a twe-gpecies systenm,

A two-species oystom ropresents vhat we call "young nsture," It has
chagprcteristics of early developmental stages of succession., A& wulti-
species systen, the vesult of a long developmentzal perfod, roprescnte
what we call Yold mature" or 2 mature dovelopmontal stoge (E, P. Odum, 1962s).

Cre of the authors of this paper (E. P. Odum) has preparcd a tabuler
model of succession {table 1} with 'which‘me can cempare the characreristics
of olad and young.nntu:'e., Using some of the conceptc of this nodel, we
intend to cowpare twowspecies 1ife support systems and multi-gpecies systens,
We will show im greater deteil some properties of ecosysteme which demon-
strate why we balieve that a system with the characteristics of =z mature
ecosystem must be the basis of future 1ife pupport systems,

Not all of the ecosysten attributes.of the model showm in table 1 are
applicable, at present, to life support systems. For excmple, no one envisions
the posaz‘.g‘:ailii;y‘oﬁ man completing o life cycle in space, Other attzidbutes
are not well documented and need further research. Our remavks heze will
be confined primarily to attributes of ecosystem energetics and structure.

Many of the data which we will use during this paper to demonsirate
the fumetionel and struetural cvents during succession hes been obteined
from the study of laboratory microcosms.. These microecosystems are at
least pertislly physically isoloted from other ecosystems and in this
vespoct sve umnatural, since there is no export o¥ irport, other than
1ight and ges exchange with the siwosphere, However, the data obtained

from thege systems hos particulsy spplicability to the topic in gquestion

here, since s space capsule is @ microccosysten,



Table 1, A tats

development of ccosystenms,

ulay wodel of ecologleal succession,®

Trends fto be expected in tho

Ecosystem Attributes Developmental Mature
Stages Stages
1. gross production/ Pia approaches
commwnity respiration ratio ox cCie one
Community -
: 2. grose production/ ®/B
. standing crop bilomass zatio high iow
Enerpetics '
3. net community
production {(yield) hich low
4, food chains lipear, predom= web-1ika, predoms
inately grazing inately ceﬁ:itaa
5. standing crop bicmass
& orgavic matter small igzge
Comminity )
6. Species diversity iow high
Structure ) )
7. biochomical diversity ow high
8.  stratification undeveloped well developed
9., niche specialization broad DATTOW
Tife : . . : '
16, opize of organiem pmail lazge
Himtory
11, 1ife eycles short, simple long, cooples
12, f£ree imorganic muivients lazge “small
Mautrient .
i3, mniperal cycles opon cloged
Cycling’ .
14, nmnutrient emchange rate,
oxganisms~enviromment .zapid slow
i5, zole animalz ia sutrient
egeneration . upimportant inportant
16, . intexncl syumbiosis
{interdependence of )
organisus) Iow high
Overall
17.. Nutzicnt conservation 00T good
Homeostasia
18. stability {zesist
external pertubation) 200%T good
1%, Entropy high low
20, Information low high

WLeamemnmmd Ter Themmvan T3 [a 1T



' The micryocosm method has been descyibed by Beyers {1963z, 1964).
Briefly, iaterials from a2 natural ecosystem are brought into the laboratory
and divided equally among 2 group of containers. Cross~seeding minimizes
any possibility of divergence befween microcosms. The-systems are tchen
placed on the desived regime of physico-chemical varisbles. HMetabolism
is measured by vecording diurnal p¥ changes and these data are translated
jnto fotal COZ changes through the use of a graph depicting.the relation-
ship between microcosm pH and coz changes., Microcosm biomass ig determiﬁed
by pouring am ecosystem into 3 taved weiéhing dish or through a tared Millie
pore filter. The materials are then dried and weighed. Similarly, total
ecosysten chlorophyll is measured by filterimg all or part of the system,
veading the acetone extract ai the appropriate wave lengths for the various
pigments, and calculating the awmount of chiorophyll according to Strickland
and Parsons {1965). These amd other measurements are made at intervals
during devalopmeﬁf or succeceion of the microcosm, and from these data,
we have been able to show the coursé of some of the events of metabelic
and structural suécessioa.

in comparing the structure and funciion of old and young nature,
we intend to cwphasize these main poinks, {1} The two-spécies system
represents young nature and has the advantage of 2 high rate of productivity
per unit biomass, but has low stablility. The multi-species system has a
low yatic of photosynthesis to blomass and thus must be large to suppork
an astromaut, but has the distinct advantage of multiw-chamnel stability.
{2) The astronaut is pavt of a micyoecosystem, whetheriwe are considering
a twowspecies or & multi-species system, and is therefore part of the
styucture and function of the system. Depending on system stability, he will

be more or less influenced by perturbations in its structure and functiom.



In Figure 1. and 2 some data on succession in laboratory microcosms
are plotted, In these experiments succession wag initiated by ianncculating
material from a mature system Into new medium, In young communitics the
rate of day-time photosynthesis exceeds that of night respiration and
biomass accumulates, Total or gross photosynthesis i1s high in the early
stages, After about 70 days of suceession, the ratio of day-time photo=-
synthesis to night respiration approaches one, and biomass reaches a
stable value., At this point, the efficiency of the system is maximum,
under a given set of environmental conditions, in that the highest_level
of biomass is maintained per unit of grogs photosynthesis. Notice also
that the.rates of respiration and photosynthesis are steady.

In our comparison of young and old nature, we are actually comparing
iwo types of efficiency (¥igure 2). In early developmental stages such
as the two-spe;ies 1ife support system, the ratio of gross photosynthesis
to biomass is vexry high--~a small amount of structure is maintaining a
high rate of photosynthesis, This is one type of efficlency, and is that which
has been emphasized by proponents of the tucespecies system. If sueccession
is allowed to proceed, whether by design or accldent, the ratio drops. The
tyvend in succession is to ?eéeloP as layge and diverse a structure, per unit
of energy flow, as possible, Thus in eaxly siages, the ratlo biomdss/photo=
synthesis is low; in a mature stage the ratio is high. At climax a more
compiex structure, with a veduced waste of enexgy, allows the maintepance
of the same biomass with a lower exﬁenditure 6f energy or cost to the sysiem
(Margalef, 1963), The more stzble the system, both externally and intermally,
the less energy needed to maintain this blomass (Comnell and Orias, 1964).

In othex woxrds, as the system ages and develops structure, it becomes more



efficient at maintaining that strueture, This is the other type of efficiency,
and is that which we propogse t£o he the I-:asia af a stable 1ife support systen.

The imporﬁant point is that stability in these vates and ratios has
been developed and will be maidtained without external controls at maturity,
while in young stages, stebility must be constantly maintained through
external controls. Mature microscosystems in the lsboratory of Beyers
have maintzined themselves for years.

Another development during succession is the shift fyom an early
plenktonic-open water system Lo a detritus syctem in later stages. Racent
studies (Engelmann, 1961; MacFayden, 1961; Odum, 1903b) have shown that up
to S0% or wore of the metabolism of natural matuye systems is in the
detritus layer. The consequence of this in the use of a mature mulgie
species life support system is that the astronaut must become a detzitus«
feeder, or a consumer of detritus-feeding ezganiéms. This may, in fact,
prove to be fax more palatable than bacteria or algae sinee a great varieiy
of vertebrates and invertebrates ave detritug-feeders,

As communities develop, there is an increase in specles diversity and
this has been assumed to contribute to stability (Comell and Orias, 19643,
ia a young ecosystem, theze are a large number of unexgicitéd ways of life,
or niches. During succession, organisms from other ecosystems invadé guch
structually simple communities or organisms which have been dormant or raze
in the early stages become active and pumezous. With time, the numbey of
species per unit number of imdividuals, which ve may call & species/number
diversiﬁy index, increases, It is acsumed om incomplete evidence that am
inerease in the dfversity index favors the establishment of homeostasis in

serns of cheecks and balances., Duviag the early stages of succession there



wzy be “blooms™ of the invader populations, often at the expense of one oz
more established speeies, Such "bloons” ereate perturbations that may
seriougly upset the balance within gystems as dees a Yeancer" growth in
individuals. Tor instance, in the development of unialgal Iife support
systems Miller and Ward (1966) have remarked on the difficulty of preventing
the establishmeant of large populations of ‘grazing zooplankton in thelx
cultures, In a mature ecosystenm, with most or all niches filled, the
probability of blooms, or even the successful inéésion by a new species,
is very low (Elton, 1958). That is, the system now possesses stability,
" Por example; the probability of invasion by extre-terrestrial species or
a bloom of a mutated form of some component species inr a climax system .
would be much less tham in an unsaturated system.
"~ To éﬁmmarize, the presence of many species not only meaas a

diversity of energy pathways, but also the presemce of a great many rege
ulstory and symbiotic rela;ionships. We cannot emvision a two-species
mechanical-bioregenerative system with this sophistication of control.

Another important trend from young to mature ecosystems, which is
a direct result of increasing divexsity, is the increase in complexity of
food webs. In young stages, the némber of species is small and, theveiore,
the number of paihways of energy transfer between prcdécers and consumers
is limited. In the twoe-species life support system this pathway is
linear. In older stages, a great wany species have had an opportunity
to become eétablished and the food web becomes more complex -- so complex,
in fact, that few have been Fompletely described for nay large nctural
area, Figures 3 and 4, based on the data of Paime (1966), illustrates food wvebs
of a simple and a complex ecosystem. The importance of food web complexity

to ecosystem stability is very apparent here. The top consumer in the more
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nature food web haz the choice of ten prey snd most of these prey also have

several food cheing frowm which o graze, whereaz it the less meture systenm,

»

the pumber of interactions is much lower, This 3s snalogous to the backe

up systems buill imto the civecuitry of space vehicles, In the microcco-

system, the investigator has sowme cholce about the mumber of species in
the system, at least initially. Duriug succession, several of the origimal
groups of species may become extimet., For emzmple, truly plenktonic epecied)

do not survive succesgsion to the climsx stage,

s

Several exsmples will illustrate our point about the stability of
climax ecosystema. 3In 8 climaxz forast, the cutbreak of a pest is zare
{Titorn, 1958), but.in a corn ficld {an ccosystem much like the two-specles
1ifo support system) large numbers of pests are common, In the Zovest a
Bystem of chacks and balances existe such that an increase in insect pop~

tizstion density is asutomatically followed by am incrsase in predator
density, No such system exists in Lhn corn fielé and the fZsrmer has to
zesort to posticldes or moechaniesl devices, With i;éieasing inscoticide
resistance, he must vesort.to more and moXe pctént chemicgis. In prsctice,
a éombiaation.oé biological and physical control is usualiy optizum froa
manie standpoint. Gur polat i{s that we should ful iy tilize all possib 1@.
self-vegulation in orde& not to have to creafe upmecessary artificisel
substitutes,

Beyers {1962) has showa that the metabolisa of o complex ¢limax
ecoaysteﬂ i considerably more independent of temperature then the
metebolism of 2 simpler sewsge commumity or a single orgsnisa., He poste
ulsted that the closer a living system app"e_chﬁe the integration of a

balanced ecosystem, the leas it is sffected by temperature. This hypothesis

may be exﬁanded to state thet the more complex the ecosystem, the less it



will be affected by tempsyature estyemes, addiag stability to the systom
a8 a whole, .

A matuve ecosysten is almo stoble metebolically, CGoluoke and OGewnld
{19643 have pointed out that the (302!0 exrhange watic of the plant used
iz sotting vp a blological gas exc‘iwngczs: mast meteh rhat of the crew, since
& very slight mismatch between hum man R and plant AQ would lead to the
sceumulation or loss of a cezé&iﬂ freetion of the huwen oxygen demand and
corbon diexlde output woy day, ¥n the multi«species system, the RQ'z of

H

several kinds of hﬁtem&voﬁfm **;?m,fm palenes the AQYs of the seveorel auvioe

zrophs so thet a Le:zge*a"y mb‘a’iﬁmc with one specics wonld be componsated
Addit itmai evidence for the iheveased stobility for s multi-speeies
systen is shmm by the data presented in Figure 4, A climax wmicrosoo-
system \':?35 frradiated t@é‘lﬁ‘z 336 R ip an acute dosg, With the exception of
the iess of ene species {an ostrscod) theze w8 uo visible cffect on the
systen, ‘i%mmvez, when the syetem was vsed to initiate 2. new ovtotrophic
succession, the resclite of vediation become apparent. As cam be seom In
Tiguve 4, the vate of growth of the system wes decressed in compariscn to
the pon-irradisted contvols, However, € this effect decreased with time,
i:ﬂ.éicati@‘t%‘.e aystem‘s capacity 33&% self r:ep:z:r Tha curve for each
iamwlatéong made ot weekly intervals sfter irzadiation, shows prograssive
'«:ece%rery.; The preater the time afier iyradiation, the closer the gcumve
cpprosches that of the comirols, The primeipal prinary p:fecizr}cas: and the
organisa sccounting for the mawpism biomase in this micTocosm was &

Chlovellia, 1t 1g incevesting to note that Posner and s—xar::m: {19645

1=y

P

ound that 9&% of their puve culture Chlozella dled after s dose of

3,000 R, Cur Chlorella showed no effects of zaediation umtil ’chcy were

V]
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irrcdlisted av 2,000,000 R and then fook 50 dnyn to die. These resulus nay
indfeate thet the 83?5&‘:&:3_&{}!&;‘5&3"5 some vadiation preofeoction to its moxber
oiganisns,

The interdopendency of components in o climmy micycecosyubon Wil
alenely ilivotrated in & rogent imvestigation in our laborabory by
¥r. Robert Gowzdem. Corden has shown that ¢ bactevivw also present in
the climex ip an important source of thismine, a vequirement for the growth
of the Chlorella, Close symbiosis betucen peirs of taxomomically usrelated

=

species is an outstending chovacteristic of the mosi successful natural

communities, for exsmple, lichen growths in the avetle ov cowvel resiz In
the tropics,
Although iittle Informmtion ls prosently avallizble, if appeswvs thel

during succession, both the variety and smount of biochemicals ingreage
{ierpelef, 1563b), ¥any of these strawnetaboiites apparently have the
properties of inhibitors or of grovwth promoters (Ssunders, 15575, These
substances then ave envirommontal hormones and ack &8 vepulatore {hargrief,
15963b). Another bicchemical change duving suvccession 45 the increase in Ehe
muantity of accessory photosyathetic pigments, thuy aff o‘ ding the scosystom
vith move complete utilization of Iight &s weii as a complement of oore
steble pigments, The increased ability of mature gystemo to regulate
srerseives by intersal chemical feodback means thot less outside onergy
need be dpplied by mem to echieve stablility.

Bevers {1963z, 1965} hos shovm that thexe is 2 genoral pattern in
the metcholism of aguatic ccosystens corvelated with the onset of light

and desk, ' The cewionn reteboliom occuys ia the first half of the day o

night period, The implicavions of this palie i for multi-gpecies life

Ept MR
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x

asgtrozaut by this pericdic veduction of photosyethesis and respivstion

Ed

Hewever, It does scem thst the intensity of this pleromens decroases o3
the zpocies diversity incresses (Deyers, 1963z), adding anothsr bip of
evidence for ths use of complex systoms to support man in spa;cee

Sur pain point in this discussion of ecosystem styructure and fuvction
diverpity end hish stability in mature systems, low diversity and

&

fuid

b
L

Iow stebilivty in early steges. The move mature syséem has & budlpei

of chocks and belonces which prevent internal disturbances ond buifer th

™
1%

¥

=1 e

eysten ageinst most external disturhamces, ¢Of course, wo eystem is Lrmmun

o severe perturbations, and, in fect, the uits of scosystem siabili

]

sre strongly zelated te the stability of the physical cwviverment (Donbar,
. . ) t

196G},

There are éezta.:ln distinet advantsges Lo young aataré,, when viewed
as 1ife support systems. These advantages ave primarily epsrgetic, That
is, ym:;ag c;casyatems have high ?xaémtiviéy raies per unit hiomass which
moang th.at‘ they are mowe efficicot gas exchangers in terms of 02 produced
o Cﬁz a%‘zsm:i;eﬁ iws: unit of biomsss, A=z we hsve pointed out, howovor,
there dve sexiocus disadvantapes Lo young systems as well, It should now
be appavent that #m the de:velaprsent of o ilfe suppori ¢cosystem for wman,
wa must fivst select fow sys;.?:em stebility and longevity and then tuma fo
the development of waximum productivity per unit biomags consomsnt with

this stability, We copmot, as has been suggested by Miller and Word (19663,

sirply select organisms as meeded ou the basis of certain desirzsble funciicn-

r
.

al cheracterisiics snd hope sucecessfully bo integrate them into 2 gystem,

This attitnds implies that the gddition of new species will have no effecr
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on regident specics and this, of course, Is ccologically unsound., It shouild
also be appavrent that homeostatic ;—zzcchaniams. of ecosystems ave faor moxe
sophisticated and reliable than their mechanical counterparts, As H, T. Odum
(1963) has pointed out, mapn has yet to develop the winiaturization of
cireuitry that. is found in ecosystems,

The arca of a multi-specles life support ecosystem capable o% supporting
an astronaut has been estimated at two acres {H. T, Odum, 1963)., This
cstimete 46 based on an expenditure of all but about 2% of the photosynthetic
product:lon. on reapirxatory reqt:;irements of“ other compononts of the systom.
ﬂbv:musly, practicality dictstea gome compro—xiae between two-species
mechan:lca}. systema and the miti-avecies syatem wnich depends on matural
gelf-regulation, . o

To date, the ma jor‘emphasis_in the development of life support systems
hae been on single components. Thésg data ave valuible and such work shouid
be supported in the future, \Hovéver,. we believe, based on our lnowledge
of the propertiecs of eco;;;ystems, thst future wcx':k st stjcegs.the devalop-
ment of a multi-species system,

Siz;ce such a system wiil -neces.sarilly be larger tham proposed twoe
species sys_tems, we need to &eteminc:i t.qhich processas can be satisfactorily

:spplemented o:' teplaced by mechanical or chemical devices., For example,
the reauction of fecal meterial to amall particles might best be handled
by some mecbanical method thus elimipating the need for populations of
consumers which oxdlnarily would £i11 th:!.a vole, In other wowxds, we may
be able to reduce the pradﬂ.ctad size of a multi~species iife suppot'i.

ccosysten without reduaing the. bu:!.ltgin g;tability sf the system.
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Finally, it is clesr that a great deal of work must be dirzected towanzds
an analysis of propertics of ccosystems before we atiempt to advise a
mutti~gpecies life support system, Part of the controversy regarding the
gimple ve. complex system may be resolved by a set of experiments, Lab-
oratory ﬁcroecosystems ranging in complexity. from & pingle alga and
consuner to a highly complex system containing aevcralt representatives of
cach trophic lovel could be cultured undor idemtical conditions, The
climax oystems and successional stages could be tested for metabolic and
specles stability under various stresses, Such stresses could include
thermal monipulations, ifonizing radiation, tnvasion by foreign species,
and mechanical and photoperiodic stresses. We propose to pebform such

experiments in the futuve,
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Figure Legends

4

igura 1. Plots of net deytime phoiosynthesis, nightiimo respiration, biomsss

B

hd
£
N ‘..'é

:nd the ratio betuesn biomess end gross or totsl photosynthesis against
Ume in s microscosysien,undergoing curotrophic succession. A1l data
'has beon reduced to aerial dimensions.

FPipure 2. Plots of the ratios of groas or ioisl photosysthesis to blomass
and vice versa against time is 2 microscosysten undergoing suiotrophic:
succession., This figure illustrates the twe types of eofficiency ouilised
in the text.

Figure 3. The feeding relatiorshkips by nunkers snd calories of the Piaster
dominzted food web at Mukksu Bay, Waskington., Plaster, ¥ = 1049,
Theis = 287 vhere ¥ is the number of food items observed eaten by the
predetors. The apacific composition of each predeiorts diet is given
28 a pair of fractions; nombers on the lefy, calories on the right.
(Fron Pzine, 1986).

Figure 4, Tho fesding relationships by numbers and calories-of the Helisster
dominated food web in tho northern Gulf of Cslifornia. Helizater,

. -

¥ = 22453 Huricanthus, ¥ = 113; Hexeplek, B = 623 A. tuborenlaty, ¥ = 14

4. angelica, H = L32; Mo ? 1ie, ¥ = 393 Centherus, ¥ =8, Zee Figure 3

for further explasation (vrom ?aare, 1966).

Figure 5. Course of bicmsss increass with time in an avioirovkic succession
in a laboratory microecosystem irradiated ai 106 Reds, Successions

-

vere initisted by inoculating samples of the Irradisted meture micro-

+

ecosysten et 1, 8, lé, ard 22 days after

1=

rradistion., Control ocurve

. . s "y
is from rorn-irradisied microecosystess.
'



