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CtLAPTER I 

INTRODUCTION 

A high degr-Be of organization is necessary for living 

systems to exist. This high degree of organization occurs 

at the molecular level, the organismal level, and at the 

ecosystem- level of interaction between organisms. In 

defining organization Karnacker (12) equated functional 

organization at any level to the utilization of information 

at that level. Structural organization exists i-jhen it is 

necessary for the maintenance of functional organization 

or dependent on the opera.tion of some functionaT organiza

tion. In order to achieve organization certain regulatory 

factors m-ust be present. These regulatory factors are 

necessary to maintain an internal balance in systems at all 

levels of organization. 

Regulatory m.easures are functional at the ecosystem 

level. These ecological regulators include competition 

among organisias, predation of organisms by others, as well 

as limitations of the physical environment and of food 

resources. Hovrever, these control m.easures apply generally 

only to the ecosystem level of living organisms. 

Advances have been made in determining the reg"u.latory 

action of many products of m.etabolisra at the molecular 

level. Metabolic end products arc capable of repressing 
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synthesis of enzymes catalyzing their production and 

inhibiting by an allosteric mechanism those enzymes already 

present (l, 16). 

Fatty acids, as end products of metabolism, are 

imxportant in regulation at the molecular and cellular 

levels of organization. The com.position of fatty acids in 

organisms is subject to genetic and environmental control. 

Such factors as temperature, nutrition and other external 

factors determine the type and concentrations of fatty 

acids produced by an organism. Therefore, flexible altera

tion of lipid metabolism in response to environmental 

factors suggests that these molecules are instrumiental in 

enabling organism.s to adapt to varying conditions (5). 

Fatty acids regulate the enzymes vrhich degrade them 

by induction. Fatty acids are thus capable of regulating 

their own. catabolism. Among the inducible enzym.es are the. 

enzymes for the /^--oxidation of fatty acids (21). Recent 

experim.ents indicated that induction of these enzymes can 

be explained in term.s of the Jacob and Monod operon theory 

(11). This operon has a series of structural genes under 

common regulation (25). Fatty acids are able to regulate 

their own form:ation by feedback inhibition on acetyl 

Coenzyme A (CoA) carboxylase. \'hen fatty acids exert 

such an inhibition they miust be in the form- of CoA 

derivatives (1^). As storage forms for energy and carbon 

http://enzym.es
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skeletons the fatty acids are important for energy and 

carbon metabolism. 

Fatty acids also function in a more involved role as 

mediators of carbohydrate and protein metabolism. Weber, 

at al., (24) showed triat fatty acids can inhibit the key 

glycolytic, Kreb's cycle and pentose phosphate pathway 

enzymes involved in oxidation of glucose for energy. 

Enzym.es of glycolysis inhibited by fatty acids are gluco-

kinase, phosphofructokinase and pyruvate kinase; Kreb's 

cycle enzymes inhibited include isocitrate dehydrogenase 

and fumarase. Their data also indicate that glycolytic 

and Kreb^s cycle enzym.es necessary for gluconeogenesis are 

not inhibited but are allowed to function to restore 

glucose. Fatty acids are also inhibitory to hexokinase, 

glucose-6~phosphate dehydrogen.ase and 6-phosphogluconate 

dehydrogenase in the pentose phosphate pathway. Thus, if 

fatty acids are considered to be anabolic end products of 

glucose metabolism they are also câ pable of feedback 

inhibition of glucose degradation. Davis and Gibson (3i 

4) have shovm that fatty acids m̂ ay be further involved in 

energy m-etabolism since they are capable of uncoupling 

oxidative phosphorylation. 

Fatty acids are associated vrith carbohydrate and 

protein metabolism at the organismal level. There is a 

close association betvreen fatty acid oxidizing enzymes 

http://Enzym.es
http://enzym.es


and those of the citric acid cycle and the electron 

transport system for oxidative phosphorylation (9). Kilby 

(13) found that insect fat bodies are closely associated 

with metabolism of fat, protein and carbohydrates. Fatty 

acids may be stored and mobilized when needed and an 

interconversion of the three biochemical classes of 

compounds may take place as necessary for energy or 

building of new tissue. In these respects the insect fat 

body is comparable to mammalian liver tissue. Meyer, et 

al., (18) stated that insects in flight have increased 

energy demands which, in the desert locust are probably 

relieved by the availability of fatty acids for oxidation. 

At the organismal level the production of fatty 

acids and their incorporation into triglycerides and 

other lipids may affect certain behavioral aspects of 

organisms. Physiological studies of birds by Odum (19) 

shov: that birds deposit great am.ounts of fat v:hich is 

later used as fuel during mig-ration. In flight the fat 

stores are depleted first and the nonfat and viater 

component of the birds' bodies remains unaltered until 

all the fat is used. 

Certain properties of lipids m.ake them more 

advantageous than glycogen as a fuel for migratory birds. 

Since lipids contain the greatest ratio of available 

energy per unit of v:eight there is greater fuel stor̂ .ge 
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capacity. Fats, unlike proteins and carbohyc 

require water of hydration (19). 

Fatty acids apparently control ovarian' 

the tiger salamander, Arabŷ stjDma îig':li211]Il (23). This regu

lation is most likely accomplished by the regulation of 

oxidative metabolism for cell synthesis and reductive 

m.etabolism for synthesis of storage m.aterials in the later 

stages of egg development. 

It can be seen, then, that fatty acids readily affect 

the metabolism of organisms and also the biochemical path

ways of carbon and energy utilization at the cellular and 

molecular level. The role of fatty acids as regulators 

at these levels is very vrell established. At a more 

complex level of organization, the ecosystem level, the 

role of fatty acids as regulators has not been described. 

In the study of ecosystems a transitional period of 

development m.ay be seen for any ecosystem. This period, 

called ecological succession, is characte?"ized hy many 

trends that are coniLion to all ecosystems (20). 

Eventually an ecosystemi will reach a mature state 

vjhere all factors tend to be balanced or in equilbrium.. 

Brock (2) recognized this stage as the steady state of 

the ecosystem.. In the steady state a dyrj.amic equilbriun. 

of envirorLm.ental and biological factors is maintnined. 
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The steady state condition may not apply to the initial 

conditions or tVie suocessional events that follow it; 

rather the steady state exists after those periods are 

past. 

Since the steady state is characterized after the 

system is mature it is quite possible that it is not reach

ed until the metabolism of organisms present has reached 

a mature state. Significant levels of specific fatty 

acids may well be the mark of a mature community since 

they may serve as end products of metabolism.. Margalef 

(1?) has stated that fat content is a common character 

among aging populations of algae in culture and after a 

certain age fat accumulation proceeds at a higher rate 

than does protein. 

Since fatty acids exert a regulatory function at 

the lower levels of organization it vxould seem likely 

that they could function in much the sam.e m.anner at the 

ecosystem level. Hoviever, studies on this subject are 

nonexistent. 

Some workers have considered the effects of fatty 

acids on particular species vzithin ecosystems. Farkas 

and Herodek (6) studied the effect of tem:perature on the 

lipid composition of crustacean plankton in an aquatic 

ecosystem and showed that a cyclic cJiange occurred in the 

unsaturation of fatty acids. In the colder month:.: 



7 

unsaturation increased, whereas saturated fatty acids 

increased in the warmer months. These workers hypothesized 

that the increased unsaturation vjas necessary to lower the 

melting point of the lipids to keep them mobile during the 

winter months. They also suggested a food chain in which 

algae produce poljoinsaturated fats of l6 and 18 carbon 

chain lengths. These are ingested by crustaceans and 

elongated to 20 and 22 carbon chain lenghts. Fish feeding 

on the crustaceans readily take up the fatty acids from 

the crustaceans when they ingest them and store the fatty 

acids in that state. Thus, the proposed food chain would 

account for the lipid com.positions of species involved in 

this aquatic ecosystemi. 

Other studies have shown that fatty acids m.ay inhibit 

the growth of certain species in an ecosystem. In the 

rumen system, Escherichia cpli is excluded from grovrth in 

the presence of rumen microorganisms. The inhibition of 

growth by E. cc)lĵ  is thought to be due to the production 

of short chain length fatty acids by the rumen organisms. 

The inhibition is pH dependent and has been demonstrated 

in the Twmen fluid in the absence of rumen microorganism.s 

(27). 

Gorden, et al. , (8) have described a microecosystcrj 

that may be cultured in the laboratory and yet i-eta in mc-ny 

attributes of larger ecosystems. This microcosin jrsy be 
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cultured in replicate flasks to allow extensive studies 

which are not possible with larger ecosystems. This 

microcosm passes through a successional period of develop

ment followed by a mature or steady state which is 

comparable in stability to larger ecosystems such as forests 

(20). Since the steady state is characterized by slight 

chan.ges and fluctuations in energy production and con

sumption of the system, some form of regulator(s) must be 

acting to bring about an equilbrium. Thus, fatty acids 

may be considered as end products of metabolism that can 

act by feedback to control energy mietabolism at the 

Fiolecular level (4, 24). They may well be one of the 

regulators that stabilize the community metâ bolism. of the 

steady state ecosystem. The purpose of this investigation 

is to examine the possible role of the total fatty acids 

and the free fatty acids as regulatory agents during the 

ecolo-cical succession of a simple aquatic microcosm. 



CHAIT̂ ER II 

MATV̂ llIALS AND METHODS 

Aquatic microcosms identical to those studied by 

Gorden et al., (8) were used to examine the role cf fatty 

acids in regulation at the ecosystem level. This micro

cosm contained known producer and consumer microorganisms 

Producers were Chi or el la sp., Ŝ cMî zoJjir_ix calcipcola, 

Scenedesmus sp. and consumers were Paramecliam bursar la, 

Lepadella sp. , Philodina sp. , Cynrido'osis vidua and 

several bacteria, identified as Pseudomonas sp. , F3._avo-

bacterium sp. , Xanthomonas sp. and Bacillus, sp. The 

microcosm, was groî m in heterotrophic medium and under 

growth conditions identical to those described (8). 

Determinations of energy changes of the microcosm 

were made in a bomb calorimeter (Parr Adiabatic Oxygen 

Bomb Calorimeter Model 1200) (22). To prepare samples 

for combustion, whole individual m.icrocosms grovm from 7 

to 128 days were dried separately in Teflon-coated pans. 

Each sample was separately ground to powder in a mortar 

and pestle and pressed into pellets 1 centimieter in 

diameter, weighing approxim.ately 1 gram. each. Caloric 

values represent the liquid and particulate fractions of 

the systemi and are recorded as calories per gram of 

mi cro c o sm b i omas s. 
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Quantitative and qualitative analyses of the fatty 

acids were made using Ihe following procedures. Individual 

microcosms at five day age intervals from 5 to 80 days 

were used. Contents of whole microcosms were centrifuged 

through a O.̂ Ŝ ĉ  filter. The dissolved fraction passed 

through the filter and the particulate fraction was re

tained by it. The particulate fraction was ground in a 

Teflon tissue grinder to facilitate extraction procedures. 

Fatty acids vrere then extracted from each fraction. Each 

fraction was placed in a 250 m.l separatory funnel contain

ing chloroform and methanol (2:1 v/v) and 10 ml of 0.9;:' 

NaCl and allowed to set overnight. 

The chloroform layer of each extraction was v̂ ashed 

with chloroform-methanol-saline (3•47:48 v/v) to remove 

traces of the water phase. The remaining material vjas 

concentrated by evaporation under a stream of air and then 

redissolved in 50 ml of ethanol-diethyl ether (3:1 v/v) 

(10). An aliquot of this solution v;as titrated potentio-

metrically with 0.0018 N K:OH using a Beokrian Expandomatic 

pK meter. To determine free fatty acids quantitatively 

each millimole of KO?I was assum.ed to neutralize 1 m.illimole 

of free fatty acids (23). 

Potassium hydroxide (0*5 m.l of 10 N KOH) vras added 

to the ethanol-diethyl ether lipid solution and allo7;cd to 

stand in a boiling water bath two hours, A const:-;:'it 
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volume was maintained by addition of ethanol. Distilled 

HgO (50 ml) and 75 ml of petroleum ether were added to the 

saponified sample, the mixture was allowed to set overnight 

and sterols were then removed in the petroleum ether laĵ er. 

The fatty acids v̂ ere liberated by adding 10 ml of I.5 N 

ECl to the water - ethanol mixture followed by 75 ml of 

hexane. Fatty acids vrere allowed to go into the hexane 

layer overnight. The mixture was placed in a, separatory 

funnel and the water - ethanol portion removed. The 

remaining hexane layer vjas washed vrith 5 - 10 ml distilled 

V7ater to remove traces of HCl (10). 

The m-illimoles of total fatty acids vjere determined 

by the m.ethod described by Fischer and Ka.bara (7). Fatty 

acids were methylated with H- methanol (New Erigland 

Nuclear). A perchloric acid treatmicnt method vjas employed 

to prepare the methyl esters of the fatty acids (28). One-

half the m-etĥ /l esters v/ere placed in liquid scintillation 

vials and air dried. Scintillation fluid (15 irl of toluene 

containing 2.5 diphenyloxazole (PPO) and 1.4 - bis - 2-

(4-methyl - 5- phenyloxazole) benezone (dimethyl POPOP) 

was added and radioactivity of the samples v:as deteri-incd 

in a scintillation counter (Beclirian Model 200), 
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The remaining methyl esters were qualitatively 

examined by gas-liquid chromatography uslr̂ g IO/9 FFAP 

(Varian-Aerograph Corp.) on 70 - 80 U.S. mesh, acid washed, 

dimethyl-dischlori.silane treated chrornxosorb W packed in a 

51 ft. X 1/8 in. stainless steel column. The oven and 

injector were operated at 200° C vath the nitrogen carrier 

gas adjusted to a flow rate of 25 ml/m.in. Tentative 

identification of methyl esters of the fatty acids vj-as 

accomplished by comparing their retention times with those 

of known standards of fatty acid methyl esters. Relative 

percentages of identifiable fatty acids v;ere calculated by 

triangiilation of the peaks and com.parison of area values 

for all Identifiable peaks (10). 



CHAPTER III 

RESULTS 

The caloric value measurements indicated that the 

energy value of the microcosm biomass increased vrith 

maturation in the system. Table 1 shows that in the young 

microcosm total energy values vfere somewhat low, ranging 

from 2500 to 3200 calories per gram during the first 30 ' 

days of succession. VJith maturation of the system these 

values exceeded 4000 calories per gram. After 80 days the 

values averaged 3997 calories per gram and ranged from 

3786 to 4l48 calories per gram. Figure 1 illustrates the 

increased energy value with aging of the system; an indi

cation tha.t high-energy com.pounds such as fatty acids v̂ ere 

being 8.ccum.ulated. 

The amount of total saponified fatty acid for each 

sample is given in Table 2. Also, the amount of fatty 

acids in both fractions, soluble and particulate, are 

shown. Fluctuation in the fatty acids from one 5 day 

period to the next vjas observed, making a general trend 

difficult to visualize. Since the fluctuations may be due 

to differences in the developi;;erit rate of individual 

microcosms the average for each three consecutively aged 

microcosms vias derived and plotted in Figure 2. These 

results indicate that total fatty acids were constantly 

13 



14 

Table 1 . C a l o r i c v a l u e s of the h e t e r o t r o p h i i 
microcosm a t i n c r e a s i n g a g e s . ^xouiopriK 

A^^lliDp^s £sIS2ies^^er_Grmn 

•̂  2510 

18 2748 

28 3202 

39 3498 

^8 3203 

^9 3358 

60 3550 

61 3381 

77 3630 

97 3786 

104 4075 

107 3909 

116 4030 

117 4134 

133 ^1^+8 

142 3899 
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Figure 1. Increase in energy stored in the bior-aos 
of the fticrocosin ca,lories per gram of bioinass over an 80 
day range. 
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Table 2. Amounts of total saponified fatty acids 
from scintillation counting: data. 

Age in 
Days 

5 

10 

15 

20 

25 

30 

35 

40 

^5 

50 

55 

60 

65 

70 

75 

80 

Particulate 
Fraction 
Fatty 

Acids moles 

80 

72 

62 

18 

214 

57 

158 

71 

92 

181 

61 

232 

3^ 

120 

202 

184 

Dissolved 
Fraction 
Fatty 

Acids moles 

182 

^5 

174 

135 

69 

63 

37 

164 

221 

166 

53 

223 

242 

459 

110 

119 

Total 

Fatty 
Acids moles 

262 

117 

236 

153 

283 

120 

195 

235 

313 

3̂ 7 

114 

^^^D 

276 

579 

212 

303 
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Figure 2. Changes in total saponified fatty acid 
concentrations over an 80 day period. Cosed circles 
represent total of both particulate and soluble fatty 
acids. Open circles represent concentration of fatty 
acids in the soluble fraction. Triangles represent 
concentration of fatty acids in the particulate fraction. 
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increasing and as the system approached maturity greater 

amounts of fatty acids accumulated in the surrounding 

m̂ edium. 

The free fatty acids measured are represented in 

Table 3. The trend tovrard larger quantities was apparent 

although fluctuations did occur; at two intervals soluble 

free fatty acids were in concentrations too low to be 

measured by the methods used. The free fatty acid changes 

(Figure 3) showed a gradual increase in particulate free 

fatty acids and more definite increases in the dissolved 

free fatty acids. 

The relative percentages of individual molecular 

species of the fatty acids as tentatively identified by 

gas liquid chrom.atograph are presented in Table 4. (Chain 

length and unsaturation are indicâ ted; e.g., C. r̂ ,̂  is 

oleic acid vrith an 18 carbon chain and one double bond). 

The relative amount of each individual species varied 

from one 5 da.y period to the next. However, a correlation 

matrix com-puter program indicated that percentages of any 

particular fatty acid except C^^ (values averaged over 

the 80 day range) were positively correlated with both 

particulate and dissolved fractions. Thus, the relative 

percentages of fatty, avoids in the dissolved portion reflect

ed the quantities produced by the cells of the pa.rticula.':e 

matter. Linolenic acid (C. n o) ̂''̂-s the most consistently 
10:3 



19 

Table 3. Amounts cf free fatty acids from titration 
data. 

Age in 
Days 

5 

10 

15 

20 

25 

30 

35 

40 

^5 

50 

55 

60 

^5 

70 

75 

80 

Particulate 
Fraction 
Free ¥a.ttj 
Acids moles 

0 

3.5 

28.5 

21.5 

17.5 

13-5 

25.5 

3.0 

32.5 

38.0 

12.5 

11.0 

42.5 

13.0 

47.0 

29.0 

Dissolved 
Fraction 
Free Fatty 

Acids moles 

0 

0 

e.5 

10.5 

^.5 

0 

29.0 

17.5 

45.0 

0 

8.5 

57.0 

29.0 

41.5 

55.0 

41.5 

„.^___.^-.».^...-^~~...^.^ 

Total 

Free Fatty 
Acids moles 

0 

3.5 

35.0 

32.0 

22.0 

13.5 

5^*5 

20.5 

77.5 

38.0 

21.0 

68.0 

71.5 

5̂ .5 

102.0 

70.5 

^ » . . , ~ ««...----T^-,^. .-=->» , B n — « ~ - «•- . - . - . — - ~ ~ 
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Figure 3. Changes in free fatty acid concentrations 
over an 80 day period. Closed circ] es represeiit total of 
both particulate and soluble free fatty acids. Open circles 
represent concentration of free fatty acids in. the soluble 
fraction. Triangles represent coiicentration of free fatty 
acids in the particulate fraction. 
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A^^^ "̂ ^̂ i® ^' ®̂l̂ "tive percentages of fatty acids at 
different microcosm ages. 

A|̂ s {fi Days 

l-..,-l?-..,Jl^i^._,_f5.^.i^.,„^._^ "^^ i ^ _ J ^ ^^ ^^ ^5 70 75 BO 

c 

^18 

^5.qji45 130 

_3.3| 4.9i T_ 

20^] ]2A] 147 

^ ! ^3 ! 8.9112.1 Img l j f 

C,Jl2.1128.9; 9A 

6.0 i 11 20.6 
I 

CV;J2L6 12 

r. r; 

24.6 6.5 

2̂0.5 

S.7! 4.9 

23.4[_9.8 

2.4 T 
15.0 18.2 iO.ii^itjy, i 18.3 

9.1 22.1 I 26.0 20.2 _5^ 
1.3 f 3.7 _75i 7 

15.C 21̂ 4 31b 1 ? ' ^. 

15.0 

2.5 8.3 

B.3|2U 

SolubIe Fraction 

Ag^ in Days 

5 10 15 20 25 30 35 40 45 50 bb 60 65 70 75 V.G 

'10 

*12 

4^1 23]j.8|10^q 

l^JlBfJ^ 73i 3.3 

'13 

CM 

C,5 

Cc. 

C,7 

C 

T -
4^1] U 

6.1 |iaG|33.6! 2.:^ 

4.6J—J 12 

14.31124111.9 

20.6 3.1 
_ i 

V'.l 

83iU.5! 27 

VJ 

T 

T 
T 

":;; 

T_|ll. l 

1.5il]l3.2 

l . S J l l . l 

16! T 

G4113.3 
— 6.7 

ao 11841 2A 

3^1 AB 

1.1 

'"76^ 

8.6 •|24 

12.1 2-14 

8.0 

73r5.4n3.i l 45] 4.7 

72 

6.4 

4.61 G.3, 3.6 

2.9 107!^.0! 1.5 j 2.1 

2_2^|2.0 

6.2 6.5' 9.3 

2.9 2.1! T 
6.3i 3.9:137:i2.1i 65 67 

10.9'' 3.1 

T 

r7.0j_3.7l 2.2 V^ 1_ 
Cjg,2!20.6h24;i2/:276|31.0Jl7.8|l84'ia.G 

B-.3 

o 

14.01 6.2̂  5/l! 5.3 
-1 - ' 

3.2 9.9 2.1 ! a3 

19.31 2.2 13.9 12.0 

3.B 4.1 

75 

uh i .O i 

U ; 5L2 

2.2 4.5 

9.3 T 
3.4 

3.2h4.3_ 

4.61 6.5 

m j lo.3lJ3.4|j0j^ 

11.3il5.0ll2J|i2.3 

6.9 23 T 

19.5119.9 

2.6 

1.6jl5.4| 2.1; 27 T I 
' *"» /*» I-

I j 

87; 2.6i 

127| 62 : 37j2a0|27/^-|ll.i|iai pS-.S l̂ 5.3 j32.G| 15.0 B.^' I 33.8^.8^21.0| 14.3 

http://73r5.4n3.il
http://r7.0j_3.7l
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•abundant of the fatty acids measured by the method used. 

Its mean value in both fractions uas higher during the liO 

to 80 day range than in the 0 to 40 day range. 



CliAPTER IV 

DISCUSSION 

Ecological succession results in an increase in 

stability and a maximum information content of that eco-

sĵ stera. As maturation of an ecosystem continues an 

increase in the amount of biological information occurs. 

This accumulation of information is reflected in the 

energetics of the biomass due to increasing efficiency 

of the system to use and store input energy. (20). 

Primary production of the microcosm studied increased 

in terms of biomass quantity (8) percent carbon (unpub

lished data), and biomass energy/" as succession took place 

(Figure l). Increasing energy and carbon per unit biomass 

suggests a change was taking place in the biomass with a 

higher percentage of highly reduced, energy-rich compounds 

accum.ulating. Such a chan̂ ê can be accounted for by 

suocessional changes which allowed an increased amount of 

biomass quantity and equality for the ener^^y flow available. 

Thus, the system could afford activities that are char

acteristic of homeostasis. Wj.e.gert and Coler.an (26) 

recently used calorJmetric deteri'iinations to show that 

one of the ho?ueostatic activities, reproduction, in a 

term.ite ecosystem depended upon the abilfity to accur.ulate 

energy which was positively coricelatcd with fat content of 

23 
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the reproductive insects. 

The increase of total fatty acids with succession 

(Figure 2) may aid homeostasis by accumulation of energy-

rich organic compounds. The biomass of the microcosm, as 

measured by ash-free dry vreight, reached a peak between 

^5 and 50 days of age (8). Similarly, the total protein 

of the microcosm, increased with the age of the system 

until kk days and thereafter remiained relatively constant 

(Seeds, J. and R. V;. Gorden, unpublished data). 

Total fatty acids, unlike protein and ash-free dry 

weight biomass, continued to increase after day ^5. An 

examination of the components of the total fatty acids as 

particulate and soluble frâ ctions revealed tvro interestin 

findings (Figure 2). First, the particulate fraction 

increased m.ore rapidly prior to day kS than in later 

suocessional stages. Second, the amiount of soluble fatty 

acids surpassed the am.ount of particulate fatty exids at 

about that same time. These data indicate that the 

particulate fraction or cellular constituents may reach 

maximumi development at the a.ge of about ^5 days. In 

contrast, the fatty acids and possibly other metabolic 

products continued to be released into the aqueous 

environment. 

The total soluble org£inic carbon of the microcosir: 

v;as highest at day 0 due to the addition of 0.5 grsMs/L of 

o 
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• proteose peptone to the medium. Soluble carbon declined 

steadily until day 8 and then remained within a n.arrow 

range of values throughout the suocessional changes (8). 

At the sam.e time the concentration of soluble fatty acids 

increased. Therefore, the amount of dissolved fatty acids 

per total gram of dissolved carbon was highest during the 

mature phase of the microcosm.. 

The quantities of free fatty acids, particulate, 

soluble and total, follov̂ ed patterns similar to the total 

saponified fatty acids. At maturity the free fatty acids 

constituted a greater percentage of the total fatty acids 

than earlier during the succession of the ecosystem. Since 

free fatty acids are the biosynthetic products of animals, 

bacteria and plants (15) the data indicated that during 

the m̂ ature stage fatty acids continued to be synthesized 

in excess of that incorporated into cellular constituents. 

About day ^5 î - ̂ he m.icrocosm developm.ent the ratio 

of net community photosynthesis to respiration reached 

unity; this is a sign of the mature stage (8), The 

regulation of this ratio seems to be imroortant in attaining 

m.aturity. /' One of the attributes of succession is a change 

from. IcvJ to high biochemical diversity due to the buildup 

of organic extram.etabolites that regulate growth arid 

comxposition stability of an ecosystem (20). The fatty 

acids have been shoxm to be capable of regui. 
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metabolic activities by feedback and the.ir accumulation in 

the mature microcosm made them readily available as end 

product regulators for microcosm stability. 

Table k shows that the relative amount of each 

individual fatty acid species varied from one 5 day period 

to the next. These results may be expected in such a 

complex system. The microcosm contained a variety of 

populations; and the conditions under which they were 

grov7ing vrere constantly changing as new populations grow 

and old ones decline. Also, fatty acids produced by one 

species are probably utilized as a food source by another. 

VJith these interactions it is .im.possible to understand the 

full meaning of the values until more is known about the 

particular action of each individual species of organism. 

It is likely that other fatty acids were present since 

other chro!:iatographic peaks vjexo observed but knowii 

standards were available onJLy for those fatty acids 

represented in Table ^. 

Linolenic acid (̂ iQ.3) ^-^^- oleic acid ('^IQ.I) were 

apparently the miost predoh-inant fatty acids during the 

mature phase. Evidence has been shown that oleic acid 

readily prevents energy production by oxidaA-ive 

phosphorylation (-̂l). Such an activity vrould allow 

metabolism to shift fro;-: energy production to production 

of metabolic products that might confer homeostat:c 
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properties to the system. 

In photosynthetic organisms there is evidence that 

fatty acids may play a particular role in photosynthetic 

metabolism (5). There are several lines of evidence that 

indicate that linolenic acid is a necessary component for 

one or more steps leading to oxygen evolution during 

photosynthesis. The Chi or el la present in the m-icrocosm. 

probably benefit from thiamine produced by the bacteria 

present (8). Via the process of oxygen evolution 

Chiorella could stimulate the oxidative metabolism of the 

bacteria. The presence of linolenic acid would be 

necessary for such a protocoopers-tive relationship. 

In summary, these results indic8.te an increase in 

energy of the microcosmi as it develops. Such an increase 

vias due, in part at least, to the production of fatty 

acids and their presence, especially in the aqueous medium., 

The free fatty acids are abundant in mature stages of the 

microcosm, and are readily available to act as growth 

substrates as v.̂ell as metabolic regulators. 
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