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" TITIZ OF PROECT: FRODUCTIVITY OF FLORIDA SPRINGS

Objactives: A study of the basic factors controlling individual,
poepulation, and community productiviiy by an analysis of the unigue
conditions supplisd by outflows from scleocted constant temperature

springs

% Duwring cwrent repord period (Jan., 1; 1953 to Dec, 31, 1953)

By means of naw methoda it has bosn possible to measurs theover-
A community metabolisa as wsll as the sianding sbate commmnity in Silver
Ngs. Photosynthedic raltes have bean dotermined by downstream gradient
'“'h?dﬂ: trangplantation growth plots, and bell jars diurpally and amually.
Spiration rates havs tecn .astimated with bell jars. The domgstreoam losses
ﬂf Particulate, and dissolved crganic matter have been found %o balsncs
d';fxﬂass of photcsymthosis over respiraticn. Yhe community has thus been
Lty anﬂta;atmd to be In a constant temperature steady state somewhat comparsbis
.l'ra ‘ﬂ-umf&: on land. Hitrals, phosphate; ;a:d_majar chemical cms‘t-i'!:.u_t&nta
e 88sentially conmstant. shera is an approximaie constancy of standing
th:: of organizma although the produciicn rates in summer are thirce times
® in the winter., Sore ovidancs suggests that thers are photoperiodic



Sa

chanzes in reproductlicn »ntea in splis of congtant temporabturs.
rates of probeln oynthssls cstimated from nitraie upltake downe
atroam 8Zres {1} wlith photosynthetic quotlents obtained from
sarbon dioxide and oxygen uptake downstream and (2) with the
nitrogen content of the community. The everall annual production
of 50,000 1lbs./acre la the greatest productivity we knew of on
1and CF 200 uch high figurss seem ressonables with the flow

of high matrient, warm water, and hlgh llght Iinbenaity over a
dense periphyton communitye Theoreticel concepts of stedy atate
thermodynamics have been applied to show that self mainteining
ope systems tend to adjuat to high power and low efflclency
outpute The &5 photosynthetlc efficlency obzserved In Silver
gprings 18 in agrecment with this principle. Pyramlds of welght
and pyramlds of number have been determined including hacterla.
These pyramlds are aimllar to some in the literaturs. The
grntribution of an acxe of a fertile stream annuaelly is readlly
inforred from deta obtalined on downstream increase of bacterin,
chlorophyll, and organic matter.

3 In other springs lr. Sloan has related atabllity of insect
populationg o chlorinlly and to gradients of stablllity of
environmentel factors. Dr. L. A, Lhitford during the summer
made an . ecological and taxonomic study of the dlstribution

of algee in 86 contrastling springs. From his llists and from
analytical data on the chenostatic water Iln these springs one
can infer culture conditiona necessary for many specles,

There consistent wlth accuracy niteEeady %o prove a peind,
some of the maxlimum accuracy that might be obtalned 1s sacrificed
in any ong technigue to permlt the atudy of all aspacta of the
community.

bo Since stort of projest

ihis contract was begun June 1, 1882. In the fivst 6 montha
vwhich preceded the curront report pericd, the oxygen gradient and
tranaplant productivity mothods were developed. Uaps ware
conatructed and comparstive chemical and blologleal data ware
obtalned for 40 consirasting springs. Wiscellansous exploratory
experiments were conducted as reported in the {firat progress
reporte Ixperimentz bagun esrlior in the aprings on chlorinlty
control of marine invaasion were completad. Intenslve work on
Silver Springs was * egun.

PLANS I'CR FUTOLE: '
Immediate: Measure produchion rates of hipgher trophile levela:
as periphyton animels by plass slide growth and
succgssion rates on Saglitzrie bladeass
be Tlsgh by taggling, wlsual Ttracing of colored tags,
end recapture with gigy growih in cages
Conatruct a laboratory periphyton,flow=grystsm, algal
¢ . eculture as a strsam model.
Complets nitrogen plcture with total nitrogen snslysesg
check some nlirats patterag.




ars production rates of differsnt s»rings

thr the best of the techniguss.

Compare productlon differences wlth chemlcal
diffasrencses in the uTﬂTﬂﬂEtETic ﬂﬂﬁ?ﬂﬂﬁﬁtﬁa

Devias experiments to demonstrate »zlative roles
of competlition,; incidence, time *95 raﬂ“s‘ﬂp
and phyeical compositlon on commnml strueturs.

Compare productivities, efjiﬂienciwu, aﬁﬂ
community structure cof springs with othar
poeaibl; steady state communities such as coral
reefs, tropical streams and sequatorial estucries.

FEF{JT-.TE AND PUDLICATIONS:

A study b gun earlisr but completed as part of this projects
Odum, 4 -Ta 1984, _19ﬁtcra controlling marine invasion into
Florida waters. Pull. of “arine Science of the Uulf and
Caribbean, ‘::s\:‘..nr D Pp-184=1566,

Stimulated by this project although not directly supported:
Leessle, Ast, 1luﬂi The use of root characterisitics to
geparais varioug ribbon-leaved species of Sagiittaria from
species of Yalisreria. Turtox Hews, vol., SI,(1%) Locs 2 Dps

The second semi-tnnual pirogress repert was distributed in
July 1655, Becausc of the change in policy to an annual
report sysiem. ne§¢gﬂ of the 2nd seml-annual repcrt are
attached aspaxrt of thils report and referred to within te
avoid dunlicetlon, Ornl papers on sapects of zprings woik
were presenied ot the A1B8, Assoc. of 8E Blologists, and
Fla, Acad, of Scloance mestings.

PROGRESS:

A, COMUNITY METAROLISY OF SILVER SPRINGS

B L TS - e e

Nitrates

In the 2nd seml-annual report{p.4=5) is reported 145 nitrate
fnalysss made wlth the laborious phenol=disulfonic azid method.
£8¢ analyses bﬂ“ 3 Digh variablility inherent in the msthod
but establiished & 8 gensral nitrate level, demonstiated a secconal
Constancy, and a sjall dovmeotream uptake atatisticallys.

The strychnidinz method for determining nltrates was then
8dopted with improved raproducibility and reduced costs The
?ﬁtern previcusly shown has been confirmed. The nitrate uptake
8 found %o decreass both at night and during the day. This new

ta is summarized with the old in Table 1, uote the approximate
COnstuney of the nitrates seasonally.
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Nitrogon=phosphcrus Tatlo, comparisona between gprings

. s

The downgtream decrcasze of nitrate 1z 05 ppm and the domm-
sporm decrsass of phozphorug 1z 028, The uptake railo is

s - = pus 301

sherefore 21.9/1 by walght 1f it can be assumed that the dewns

gtream docrenge 1a” ent iEEEf uptake. The ratio 3in the water 1is
,A57/.0543 ov £+4/1, Thus relative to the water the nitrogsn
decreases twice a2g fas5t as phosphorus and thus should 1imit {irst.
full confidenca In this result cennot bo plaﬁed until ths
contdibution of the side bolls is checksd and the downsiresnm

organic nlitrogen 1z measursd., From Table 3 below it 1s intsrestng
gnat Silver Springs has a highﬂ; H/P ratio then other aprings
analyzed. Thus nitrate=N may be 11ﬂitiﬁ5 in many springa.

The very siriking differences In the commanities in the
different springs in spite of similaritles in the chemical
composition of the major elements and similerity of tempcrature
and 1ight 1s ome of tho most fascinating aspscts of the whols
project. Constitubnfs that might be ?aap&nsiale are nitrate=N
and phesphate and the H/P ratic. There are wide and radiecal
differences in ¥/P ratics. The adoptlon of the sirychaldine
method has permitted nltrate determlnations on the qigp chlorinity
springs as in 20me caacs in Table Se¢ As a8 begimning to the
comparative study of varlioua springs (which 1a the main objective
of next years study) aomo /P ratios are shown in Table 3., Some
1ﬂaa of the largs aw:runitj differences can bs obtained from
Dr, “hitfordfs algal lists in subseguent sections bolows

Table 8. U/P ratios in various aprings
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Heasurenent of wijl‘ intensities has Just cormenced, but soms
initlal flgurea enable an satlmate 0 be made of the magnitudes.
?16551-1:1&”' ments were made wilith a submarine photom %tﬁl‘ ohtained from
F"’Eﬂ wehueler, 30 (lbemarls Hoad, kralth:m 54, «asg, consaining a
~gaton photronic eell J504YR, A diurnal ourve of light intensity
gt the surface and 8 ft. deep on a cloar winter day 1a given in
Tigure 1 with, light integsity expressed 1n microamperes as read.
Apprﬂximatelg % footwcandles ere aquivalent to a microomperes Ns
ghown approximately half of the ineldent radiation penetrates %o
the photosynthetic psurlaces of the community which ars mostly
in shallawer water than 8 £¥» The bed of plants 18 8 to 3 %, thick
and 00% or more GI +hc 1*ubt reaching the plants is gbsorbed in
the first 1 1/2 ft. vhen the photometer is inverted at the
wmter surface no ap;?m¢1q375 1ight Intenaity is measured ao that
gof or more of the light ls abeorbed. OF tha light ineildent on
the water much ia defloctad by rvefraction and reflection in
cormection with ripples, for there 1s & strong flicker in the
microempere reading when tho wind ripples the surface. #Aa 1s known
in other waters ﬁhc absorption in the first meter of the very
clesr water 1a not logaritihmlc, rther measurements are in
progress to delermine whelther or not thls water 1z more transparent
than that in the Sargusso Sem. From the point of viow of wertlcal
stratification ths largezt 'nﬁansity differences opecur in ths
first meter. In }igtvc 1 note that the length of day at B fi.
depth is ohly slighitly choerisr than at the surfacs even in the winter,

Photongathatls Efficiency

At the same time t.at 1lpht was measgured in Figure 1, the
productivity was determinad by the dowmstream gradient method of
oxygen measuremsnt sz cuilined in provious rapo?ta and corrected for
similtansous vszpiraiion on bell jar estimates. Yhis production
glves en eztimate of 3C 7 BF the incident light in the

nt 11 fhﬂuﬂ—
synthetiec range 1s halsn agV¥4 foob candlea/micreoampere in Figure 2.
If a calculated intensilty iz obtained for a clear day from

Kemmedy (1649, Compmiaition of daily insolation energy. 4ulls of
fmer, iletzorol., Soc., vols 30, pp. 208==813,}, an aff;u4¢pﬁ" of
3.27 is obtainsd. I° tha annual production of 50,000 1baz./acrs io

used with an annusl insolat
':19"’-4 Gl ~gtolony, T

a2

iomn fi”awe aram "aufw*%z and PAJtin
15113 u}; 3.8% is obtained.
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nnid how the grester plant preduction of
into sni-al production without
two series of measurcmenta are beling
s uctive activity of two invertebirate
E“Eﬂlat-anﬂo *ho pevcent of fomnle shrimpe (Paleomonctag) with
IEUE and the number of clumps of Po 2080 {ﬁﬁ:ﬁfTE?Tﬁ} 23gs on
meters of rock and boavd walle Which conatltute one border of
boil area, Al zhn Incomnlete thers is data enough in Teale
1ite photopericdic nulse in breecding intensity
some hracdiae cecura wintor and summsd. At constant
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pEher moasurcrments of productlion and respireticn
o et i = IR e A AT IR s ey e . i . am
- L R . | e | =y oy | 4 ey s A
Tho mothoeds for mesouring overall productlvliy by oxggen
i, 7 . - - - oy ) e, - & - X = oy - - -~ o ]
s ant metho caza bt@easplanta, and bell jars ware oultlined
g a 18Ilu Lns 3 i 3 wl
’ i " e rl ey b = - 5 i’
in the Mrat p @Sy Tenort and detalled date 1s rapostad
B - P &at, -~
%t perlod in ths

from the early part of thes curreat report

gnd seni-annial oot (attached) on pp. 16=8l. Since that time
two additlona ulli Jday curves of oxygen and carbon-dioxid

have been obta'ned which confirm the previoua patterns. Some
gdditional summer Caba is all that 1s now needed %o show a
dstailed pleturs of The overall community productlon rates rsglative
to annuel changes ia length of day and 1izh¢ Intenalty.

Another aserics of 6 black bell jar respiratlion measurements
gere conducted lov. 28, This timerubber tube was used rather
than copper {+the u=s of copper was potentially a stupld blundar)
for extract ng weter from inside the bell jars., 4As listed in
Table 5 below, thess mcasurenznts fortunately agree with the
previous measurements on p. 19 of the 2nd progress report. The
bell jer measuremcrias wors made during ths day. In the first
hour after the jars wers lowsred over the plents there was a
net oxygen Increaizc, ie may be accountad for by tha suggestion
that oxygen Alffuaned the water from the tiny viaible bubbles

L

g W

L

L3

imbedded in the perinbyiton, In the sscond and third hour the
oxygen decraasns ol about the same rate and 1t is theae rates that
are used as respiration eatimates.

Tables 5. Purther Bell Jar Hespiration Measuromonta

Time lapss beiwoon Cxyzen dacrsase 1b3¢jhc:? NES
OXygen moaaguys 9nis por hr. par jar giuccae
in minutas jsyeail
103 I‘!% Ezsémn‘
05 &1 18 ,2C0,
108 od& 11,720,
20 sl 9,060,
114 045 12,240,

ge . -8R 13,840,
mean: 14,240
*1r 2 pon O s 5 om Gy walght instead of
1 ppir O3 5 +84 ppm glucoss, mean respiration is 10,000 lhsﬁacr&
— I

fi
I 3

o

ks
.

The diurnsl curves of oxygen and carboll dioxlde at the downe=
8tream station on Jan. 7, 1953 again skhowed the lag between
Oxygen relescse and ceibon~dioxids uptske. The oxygen curve follows
the light curve with a repid return to night walues at sundowm
Yhereas the carbonedloxids uptake rsaches a peak latsr than the
Oxygen and dees not return to night values until several hours after
darl, ‘nug fhe timing of 1light anéd dark reactions of photoe-
8Tnthesis show vz aven in this overall sommunity respirometzys
Paﬁulisrly a phibogyithetic quotiant greater than 1 was obiained.

B



ds of maishl snd mrher

ruantitative estinaten of the main communlty component
qere ,:1.*:11::& u"'l"i:’.?":ﬁ¢:'3-.d _qu:ﬁt:‘a fl‘rst part of this repori period
and ore included On pp. L0105 of the abtached 2nd progress
: Included in this are eztimatoes of bacterim. Lurther
pshimates o1 standing crop ar2 planned.

posmsbrenm logses from comwunity preoduetion
ark S R AR, ———

SR AT PR B N ]

A major part of work this fell has becn an estimtion of the
dermsotrean loss of productlon. As indicated in the balance sheet
ssction below these scilmates ncli.cnta that the overall metaiolism
gstimates now rouzhly balance. Estirates of dovnsbream loas
includas: EQCD ,».la::;; perm 1r-ana.ta mrganiu 'ﬂ.attar, ‘*aﬂte“ia,
chlorophyll(by lisison Ll:}:.'*eu.,.ll, Flg. State Univ.)}, particulate
orcanic matter, and groes plant clumps. The DOD valuss wera
inconalatent and thwua the permanganate method was adoptsd.

Theso cata vars sumsrized in uable 6. It 13 quite clear that
there is a very =mall dowmstrsam incresse in coatent of organiec
matter which eppears inslignificantly small pez liter until ons
multiplles bj‘ the lorge c.:t‘}.:'f dischargze. <+t 1s then ﬂp}"JaI‘C}"lt that
thﬂ St{%&d}' c—-uCi i3 5:.“31 T
disgolved substancs:

o003 of organic matier mainly as invisble
2 misvoscopie partliculsto G’“'{g‘lﬂiﬂ motier
iz half of the produc n of the u/:% ile headwater resicn

(Lee able 7). Jusi in the terrestrlal community, ’}E.ﬂﬂlbl‘f’
the coral reef, or the laks, t ¢ commmnity is adjuste 0 producs
conalderable excaess anlc matier over that neoded o Lalhna*}
respirotions

Table €. Chanses 5;"& mile downatrsam

e, - AT T T A L I el

lMeasurement, method Boll 3/4 mile
. . downstrean
'"?'—ﬂ'_"tl—-l—m 7 or Ea e ]
o e b e R SR TIOAT) anflyesa. . mean
RBacteria (lienrici aAgar) 10 $9/ac 10 (.}Esn,/cc
Fh.niﬂﬁhyﬂ {f‘ entrlfuge and extrget 10 liters, by lelson «arshall) |
July 3, 195 5 J05 me/ WP 1 o L3me /M
Diﬂrm.s.'vaﬁ u-n‘“rﬂ:?.c r'atter (Permanganate method, valuss in ppm 92}
Octe 1, 195 3 54 3 1.310
Gﬂfa 10, 1:! - 10 Y 10 o81
ceb. 22, 1253 5 257 S 2 E2
Heans 2 5U3 2
5 doy 70D (values in ppm Op used up)
Octe 1, 1953 z 215 5 =004
Oet, 10, 1953 5 =.134 5 =, 04
Particulate organic matter {plankton net concentrats of S84 lLiters)
July 2, 1953 ~ - 1 11 mg/1,
Algal cells( 84 1itcr concentrate) 1 2.2/ce L 5%./cc
Cl 17PN Sl Py PTG SR [ JER " % = Anes 3
umpe of Sagiktaris {(dry wolght) - 3 296 ~ma/
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In 1861 Le 2d Silver Springs and wrois & paper
o, zcts obgerved and some a%facs of the
1361, Dn the optical pﬂﬁﬁf¢;:a

er 3peing in Mariem COay Fla., Amors J, of
5 vol, 31, Dpe ;v-;B ) Tis descripbion of tha
ﬁlﬂ“4a as "weter zrass snd moss~like plants® with
blades Bwd fie dOng guggests that the community in its gross
gspecta 1z in the sf@uo condition as 1t was in 1861,

Bolance sheet for Silver Sorings

The eatimates of dlicsolved organle matter lost downsbtream

4ri Tabla 8 neccount for the ekcesa of production over respirat fﬂnu
Thus the problem discugsed 1n the 2nd progress report (p. 22)
geems solveds The annusl balence sheet is given in Tabls 7.
some further data will be obta’ned to check these estimates,
Perhaps for tho first time the overall cormunity metgboliam of
a ateady stats natur n] gommunlity has been determined. IL 1is
voth exciting and sobering to know that the commumity doss not
change radically =z¢ that data now cobialned can be rapeated by
anyone later or made the basisz for further work without
repltition. “nything that ona forgets to measure today can

be measured Lomorroy or hext yeare. Thils reproduclbllity should
permit repid advances not possible In the successive astudles

in famous localitles cuch as L. “endota, L, “.indimsve, and
Linaley peonde

a3
25

Table %o fAnnnal EBalanes sheet Por Silver Springs

ibs./acre/yrs

Photosynthesls corrected for respiration 45,950,
—ith diffusion corzestlion, approximately 50,000,
Leapiration 15,3100,
Dovmatraam loas .

Clumpa 590,

Partileuiate 13,320,

Lissolved 15,00GC,
una-ecounted for o 1=5000,
Irotein production 20,800,
T, sB=1 o2

——
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PR R rTage Ry LT 8. bochualh  fee fabe a
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S%ais College, Ralsizh
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&.gae of the typlsal Florida spring and run

Inaegresn clr"ra md five or six E,‘..Eﬂi"‘“ of diators.
P]‘.aa"-'rc Ve V*L‘,.‘; arge filoneantous blue-gresn alga is by far the mest
w;ﬂ'pa,;u;f‘_ura depth of 3‘3 fagt in the bml: toronghond
2ha Pm‘a,;, gnd iz 2wn 1 the ""!11_13. g mt‘:r'}.x #p. 1 wmore undant
4n areas of lowsr lighi deep Jn the boils Bnd T AAssos of vegetation,
FPlectonema forms ozbenzive pats end ¢lumps on sand; ooz2 and rook, and
TmallerT masses oronr in -;::J on all types of agquatiec flowering planis, On
4¢ and on the lanyes of aquailiss, Oogooneis placentnla, Achnanthos lapcco-
1ata ij?hmﬁa LomgEd *::gm, SompholSEa SphasroNROTOR and By dm uinn, and
Ite variotien, oros sntIy ag ﬁh To5. These five Specics OF Ciatomas,
together with a fovr oileoye acgouns for, 10 iz eatimled, ovor ono hall the
organnie ‘It-i’;‘t‘-ﬂ" rEryel _-_'.s.:-a-‘! in Flopida spz'iz.iga.. Every lsaf, sten, Plectonems
pilament, mock, or woed surface oyposed to the sunlight for 2 £5W Coys hay
a complata cover of Jiatoms. WithHin a few wecks ths layer is geverald cells
ik, ITdghi is t—m oAt im 1**‘*"*:. variable. The under slda of lsaves has

ol on the upper suriace. Swriages within a

_:‘_ﬂh lacs, and although the water is emcopidonally
iy lesa in the deep boils (over 29 2ash).

There is 1itble dilfar
run. The shallows of the .
tous dlatems and grssn elge? bogauce ﬁry arz not washed away as repidl}"
by the rurveni, Ik ia:* shanding crop is 1itdle greator especlally in bods
of flowering plantz. There gome shifi in the dominenta toward the fila-
montougdistons Frapilaria, ‘i-&.:‘_!.:pai*a and ﬂ“hsami& and the grosn algae *‘hEEE“

SETL LD e ‘* Rl o E T

¢loniun and Suire; ':'?:'huu

23 An the dominant algae of boll, pool and
% and the edzes of the run have more filame

The dominanks 4olzrzio o wide vardation in chemleal condlidong. Ape
pm;.*ly very 10w dissolvad oxygen provents abundanb growih of most of

the boil, tud in Ws propence of 2 fow ppm of oxygen thera can be & wi
vana‘fi-:ﬁn In nifrate, phosphorus; calelum, chlorldss, So%al discclved s
and hardnoss “3‘3.31‘.{3'._':: ary mariced changs in the flore. Growdh of Placio F A
is sbundant where there iz only 2 ..el,f paris ef chleride per n.,__.f.fif an
whare thers :L' nearly 200 pom. Most of the cominsnt diajoms grow well at
ehloride conesniraticns defliniisly in the oligshaline renpe (up %o &00 po

The apparent complsts absancs of Ploctonsma An Mapates gpring and its
shundencs in the very clillar Pamning Wﬂy canno’ ba explalaad une
less 4t is dve %o oxyzen dcfi‘:ian";?‘ inthe formar spring. Similas l‘j’, the
factors which allcw o growth of Hydrodiciyocm in abundancs in a fow springs
2nd spparently provany 155 growih 15 ot e unknowm. The same is taus
of ths genera ‘i"‘ =~ﬂner 2d Ii‘::‘.‘m toposiphen which are present and Ebundant

in only a few sg*.‘-.,,.., The gznus Giacophora should be menbloned hers alao,
As a gupus it shenld be placed amoniz the dominants even in ths sall springs.

Sima it is & vary 1’::*53 genus, howsver; with species adepted to 2 wide
fange of corndilticne 1% is not listed =g a dominant Yocause no one sosclss is
abundant and widsspread in the springs. Apparently one spscles is prosent
ia Silver spring, ancther inm Walulls, and g24i)l others in saline wedtsrs, An
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= te lnowledze of the specles and their distributicn might help dstermine
£ ome of the lmpowtand factors bearing on algel distribution, Concantrsiion

:f chlorides, =nd speed of current may be importent here, The great diminmtion
e an of the species of g_l_gf.p;aﬁoﬂ in Walulla run betwsen July 4 and

- jugust 1y 1953, cannot a3 yeb be axplained,

£ The quister water st the «dgss of ths spring pool and aleng the edges
. of the run suppord a much more varisd flora than that of the Loll snd run

o o As poirfed cut sbhovs, there is no grsat vardaticn in the specles

© of dominsnts or their totsl sburdance bub the totel mumber of species is mch :
i greater, Rhisoclonivm is sbundsnt only here, ag are certain species of Spirogyrs i
© .nd other Tilamentous algse, The unatiached filamentous diatems and soms ‘
- gingle-celled and colonial green and blusegreen algae are much more sbundant
. or sometimes present only here,

. There is no true plankton in the springs or their runs, There is, however, ;
¥ a gongiderable pseudoplankicn or tychoplankton ccmposed of micrcorganisms cone- i
* gtantly bein: detached and carried down the runs. (See Odum, Second Semi- ;
* anmual Report p. 22), That a true plankton flora would develop in the spring ]
¥ yaters under pond or lalke conditions is proved both by the floras of neerly
¢ lake waters with similar chemiesal compositlen anmdl by a few cases where spring
* Jaters are irpounded, An oxeavated boat basin sbout 150 feet long off Silver i
® Springs rumn contains mony phytoplanikton speciez in such genera as Indoring
im, inlistrodosms, Kirchmoriella, Miorabinim, end Pediss trvm,
. Very haymeihe ai0ng OGROP Iuns, amd cven the water in submerged boats

= indicate that a true, sud rich, plankion flora would develop under empoundment,

gt

% The dominant glgae of the springs and their runs constitute what secms
i dafinitely a permanent, vernal flors, Widespread cellections from more then
& ten springs at all seasons indiecate almost no scascnsl chonges in dominanee,
Thare is possibly a mizrotion upward in winter of shade species (sce below)
but this cammob, as jult, be definiitely confirmod, Such gemera as Microspera
clondun Oedogordum ad narrow=celled specles of Mou wiich are

t only in spring 4in mosh habitats are atvmdant In the springs the yesr
¥ round, No ssxmal roproeducticon in the cormyn gresn algae has been cbperved at
&y sesgon in boll, pool or swift rum,

: Certain species of 2lgze in the springs seem definitely to be shads

¢ plents, singe they ars fowdl only in deep bolls or in masses of wegetabion

¥ &nd since temperaturs is not a variable here. All the freshewater red algse
¢ such as Audouinells, Comrgonoson and Thorea belcng here. Thores has beem

t oollected In Siiver Springs only at a depth of 30 feet or mare, Amphithrix,
- Tenococcus and poselbly & few dlatons ere also shede forms,

The rapidity with which the dominant alzas attach themeelves to lsaves,
L 8tems, and other surfaces i3 emesing, Planted glass and wood strips have

L 8evera) hundred dis%oms per 5Q. mm at the end of five days. Observations

¢ of young and older leaf surfaces indicate that attachment is as repid here,

#+ OF more go, In aboub 15 days there is an averags of 100% coverage one cell

| Shdcle, Within a month there i3 a tangle of epipiytes several cells thicl,
%‘.T-h" type of attaciment murfsce is irportent end there is 2lso a fairly definite
mﬁr of attechment. On smcoth swrfaces such ag glass or plastic strips,
‘!Brtain algae end lladap lesves Cocconeds placentuls and Achnanthes lanceolata
| i° the picneers, Un lsaves, ccpecially Of porda ard Baitie:

are plonsers with more Cocconeis than Tio oLiers.

7,
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Necch, Xenogsccus =nd Pgendowlyells attach in considerabls mulkers

+iy are socn coversd ami greatly reduced in mumberg., Comphonema
- EPﬂﬂTEﬂv-J i : L
E ooz, Go gohesrouhorun end Syredra ulna attach over the plcpeer species
i F7on then

L=

all remain in large mnibers Iz ch, Ameng these the upabitachad
£4]amentous diatcms beccne slundant, The chlef cnes are Fragilaris consirusns,

dca ond M, gromulata. Seversl other dictoms end

cizlly specles of Stigscocloniwi., Icrcspora, and
o —

odnn. Melogize 3
F, capucing, Melpsire I

— Rae] =] ol ‘-'E-.'A'-_’ o

ss‘uﬁr =10 el e ; i - et e g gy x:
Qedopondinl, make Up a = pord of the permenest elgal mat togsther with a
= Leos atundond blus-grscn alzae,

This permancst met contlmicusly loses eclls to the flowing waber bub
growth lkeers it relatively vniform in thickness snd composition. Deeper in

the massss of vegetation snd on the under side of leaves Cogconsis placeninia

is ths chisf diatonm and femogoccus and Amphithrix srve prESETs 1N SONS SOUNAAncS,
The total flore in the shadsd aress s only about 5 to 15% of that on the top
gide of leaves or in betisr lighted arcas,

Some study has boen made of the types of algee abtaching to obher
surfaces than plants in ths zprings. Bare wood is the most common such
material, A rather wids verlaty of specles are fourd on wood. edra
is the comnemest diatom along with S+%clmim.. Thizoclondunm, Cladephora
certain species of Saivepyre and Dedogend: geeen alzas, and Fhorddium,
m%, znd Cliroococetns amons tha ‘nﬁEng:’aezsn

Painted wood seems o hawe a mich smalier variety of speciss, Apperently
the chief ones are bluc-grcens such as Schizothrix thet form tough gsiatinous
layars over the pain’ surface, In this mat the diatom Eh_a% is scistines
aburdant and a mmbcer of green slgas such as Spirogyra and ondima attach

to it

Iron surfaces seom to faver green algas although the diatem Syedra
ulna attaches directly %o irocn. The gemera Fhisoclondma and St ol o
are most zhwant tegothor with the hlucegreens PROTUOALIM ord ANSbecho.
Epiphytic diatems on the aigse sttached to the irom are acuadsnt,

A copper screen subrmerged in Silver Springs peol for sewrsl months had
a swrprdsingly large =movnt of algas on 1%, All wars groen glges. Ths fila-
mentous speclss, ficroszors stasmoryy formed a mab in which %ﬂrﬂﬁ.gtiﬂ
shroeteri, Scenodegmus obliquus, S, dismorplus, and 8, bijusa were abundant.

WeTS IO OGIEY f1EnS OF Spiphyh as present, Apparently even in
rumning water copper inhvibibs the attachment or growth of meat species,

Changes in the 2lg2l flora down run are not marked where conditions
&re not modifisd by such things as shady banks, ingress of surface water,
vater from other springs, o scoewaler intrusiom, After the first mils
Silver Springs rwn beccmos narzow amd the banks heavily wooded, It slso
Teceives some brown surfoce water down rum, Consequently aboub 2 1/2 miles
from the boil flowerding plants largely dissppear probobly due to reduced 1isht,
Hats of Vaucharda, with some filamentous bluveegresn algae, and a few of tha
mWﬁa‘tﬂm, ars abwdant in the shallows, The despsr channel
has relatively 1itile plans 1ife,

Wakulla mm apparently receives some saline water from sprinss sleng
ity with comsequent medificotion of its flora towsrd the oligohaline type

R R A e R Pl S S 5 A £ sk i



d_,_ﬂ{""ﬁb"ﬁ belar, UWesldzwmchen rm soon recelves considerabls broun surfzes
gater and later seaswaler Tfroa the Guif, The diatoms ab frst n_,-ﬂ.a;ant
are replaced by cthexs E *__Ll;':.:.a u.:r_'r.v'.i.da ard Synzﬂra radians). Then az
the Tun Dears the Ovif a specias of Rivalards Detores very atundant, and
certain selieltolavating dinteno such as Helegira borrers, Blddul sl £Da
Staphancds nediscns barkdierd, ! 12 par:doxe, aid Oyclctella memeghin:
LEG':}-‘TE akrhh..;_| e

T

In the slizhtly saliy {eSischeline) springs, and in the rume 2s

they mear tie Gulf, ilzs incrsase in salinity is first merkod by ths presence

of the nm?ﬁr-.‘ﬂ_.;.b..ufﬁd diztoms &d poit by the dreopping out of typically

freshewater spaciss. Tie only cxception secmz to be Plactonerma wollsei,

T ﬁisappeam when the chlordde level excecds 200 ppm. 1t is surprising

to find, near the CGulf, itypieally fresh-water gerera lile S TTras

ggdnr*cmiwﬂ anil I"cu*‘*";’%‘ %, aboundent, and in healthy conditlon, slong with

Typic marine gensyo such as Enteromor Betotophora, m:i Po‘lvssipaﬂr%

When such @e::.,...a a3 Cladophore grominea, Entsvomorphs erdl

norhiniana are . cormon or abundant in the bo ag with the

55 » dominante it dafinitely indicates an o]iga&w]ina condition,

Tuo dﬂf.:“l..l.r"’l., alins spevings have boen studied; Sals Sprince (chlorides
2,400 ppm} and Yarm 3514 Soring (ehlomides 9,300 ppm)s Tho first has sc":sml
species of diators cormom (o abimdant whiech are dominants in the fresheim

4 Tl".EEﬂ are Cogeon a:*.s rlacontula Crm':rm_unmu 1o ners, and Achﬂm’f.!ma
lmecolata, The ahizf cominents an Salt Spiir *1;5 “ore Eateromortha D_,.:E.._-:ﬂ"? "
COnE! s, Llcmoghors £ #lehallata Hitaohin pAradorn, o Elﬂur irs
Perreri, 1ie mg:.u “iena iudicates 15 sbowid be placed on tke torder natween
ad brezidi=hn,

Warm Salt Spring, 1ils the other springs, has 2 dominani algs)l flora
of blue=greens and distoms, bub it does rot hawe a single important species
in common with eny fresheuaber spring a“uﬂad.. Both high temperature (B86°F)
and salinity ars probably 2 *rm Lﬂ'u-, : with lew dissolved oxggsn, IDominant
here are the blue gresns Spirulinal -ﬁLntemﬁs Oseillatorda sp.; Chroococeus
limeticus; a single procn aloa, ;‘:‘gwm Mwﬁ ard two diatcrs, Jmohora

ta 1.1 and ?:4 techis prendare

. pondorehoiniensis, Utasr importent algse, espoc
run, are Voucheris (2 marins _,.a..-:'laa}, 3tschia linearis, and Cocconeis

pediculus, piass

Collections from thros Yeullor® gprings bave been studled, Sulfates
are Imown to e high in two of them and all are charscterdsed bj-' a hydrogen

sulfide odor end a wery 1oy oxypen tension (0,0 to 0.7 ppot). Oune is olipohaline,

In a1 casep the domirand flora is filamentous Wueegreen algee, chiefly

Speeias of P'mﬁim smd E}'ﬁb;;... A few diatoms, notably the ubiguitous
ulnn, are preseub, 45 the water moves dowm the run, it becomes better

Syeenated and ;ﬁ«c,b”“’g 16554: come of the dissclved sulfur compourde dus to
We action of the stunlcal sulfur basterdia, Within a short distance a specles
ﬂ%ﬁ:ﬁm becoines ;J.:' :lr_'u..u’ at firat at th? swiace, sad labsr on the bottom
of The z:"*w .grsen spocies characteristic of the boil bogin to drop
Off and ars replaced by largsr species of filaswemtons bll_e:{r-”w = chiefly
Oseillatoris sp. and obhsr ?eei.,a of Phermiddn, The tolerant distems,
%ﬂ;&'ﬁw and Fumobia pag wuﬂmm_- in, Within s half mile {in

Spring runj the ficva 18 quite similar to thet of the guister perticns
of a typieel run, _The =lgze In denm waber; howover; ore still largely

15, At the swrface £4ament s tlug=grzens are the oihdsf dominsrda

Aong with Coceon: :.eiﬂ placeninla and Gomphonem longiesng. It is worth noling
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ghat the species Flestonoa wallsl has not been collected in these springs
oT thelr rumg. [ i oxyoenstion the enbtirely typlecal springs

flora ghould csrtainly dsvalop,

parently cnly fair]

a rich algal flora im Iks ivier mun, These studies tond to confimm previous
onos a3 @ tha high prodictiviiy of Flordds Springs,

Detalled lista hava besn propered for 26 contrasting springs. Som

gample 1ists follmrs

Mumber of Taxa (gencra, species, varietlss, forms) Tdentified
frem all Springs Areas

Chlercphyeoae (greon algze) 53

Cyanophiycoasa (blucegreoen algae) 32

Bacililariophycsae {diatoms) &6

Rhedophycena (red algse) Iy

other proups of algas E%
Total

Meny speeiss of filamonibous green alpse cannot be ddentified
exeept when fruiting, Probably a total of tasm or moro present,

ey speaies of Llucegreen algae yob remain to be identifiad,
Tha total will spproximote 50 texs or mers,

Onldy a feir gpecies of dlotoms remain unldentified. FProbebly
T5 texa are present,

Estimatod tobal taxa inhsblding springa studied 190=200.

Iist of Mgee in 2 Sulfur Spring and Pool
(Bzacher Spring)

Préznidive sp.
Iyngbrya spe
Spirmidins subgaloa
Aphamocasas an.
Synedza 8P,

Vavicula sp.
Spirulira gouontil
Chyooceccous turgidus?
Aphanrthece sD.
Glegeyotis gloan?

Iist of Algas in a Salt Spring
(ilarm 8a1% Sprdng)

Spirulinn ? platensis
Amphora eulonabeinid
Chara honemarnii
Osgillatoria =p, -
Nitschiz gendersheimisnsis
Spdruline temulssima
Aphancthece nidnlang



Lo Joy e n mom s A
Aphansenysa steay
8

Chrooctoous

e

Amphora prcleug
Achnanthes exdipus
Navicula rodicsa
Cecconcls pendicndng
Igogly= 85, )
Synechococens elonzatup
Amphiprora pulohza

Peormidivnm tenns?

T ¥
Eeglena sp.

Algas Typieal of lost Springs and thelr Upror Rm

T iz In spproxiete order of sbundanee. by wlure of spoeles
The first six specice comstitute 80-90% of the total M?ﬂﬂeﬂfmlﬁ‘ﬁ:

Cocconals placentvla
Synsdra ulra (& vars,)
Gomphonema longicens (& vars,)
Flectonems wollel
Aclmonthes lsnesolate var, elliptica
Gemphonsma arhaswoshorim
Ampilthyde: go,
Fragilaria comobruses
Cladophora snm,
Spirogyra spop.
Rhizoalontm spo,
Nitschia amphibla
Cymbella spo,
e Stigecclondzn son,

3 Cedogondims apo,
Psendoulyella sp,
# Xenocoecus sp,
Lynglya spp,

a Chara zaylanica (& fors,)
Vaucharia ap, -
Hydrodictyon reticiatm
Hovgentia spp,
Miecrespora gpo,
Scenedosmia 5pp,
Melosira smp,

1%

e




young -Jolder s

Figure 2

Diagram or epinhyti
and botsom surfaasea of
leal (siivep Springsj,

Cooeoneig
Achnanthﬂﬂ
Gomphonema
Synedrg
KEnucDﬂﬁus
Pﬁﬂudcul?ella
ngbya
Sﬂenadesmus
Cymbelle
10, FTagilaria
i3 8 Minrasporﬂ
12, Stigeoclonium

'qummlhmhﬁl-'
G A il

o

13, Melosirg

= Amphithrix

¢ alzese op top
Sagittarig

13,




b : v eelbaiil INSECTS IN RILATION

o “0 ENVIRONMUENTAL GRADT ENTS

4 In the Pravious Semi-annual progress Teperts, patterns of
insaet dlatribution 4ipn Homosussa and W2ekiwaghee Sprinzs were
discussad, Tariasace analysis of this distribution showad that
sopulation density ag W2ll a8 species number incresmes ®vith
distanoe downstre-m from the 83ring boils, The decreass in
speciea number asg tho e3tuaries gpe approached was alszo hoied,
1t wag suggested that thig differsntial distrivution ig COr=
related wish environmental gradients, Graphs of these fradizntg
based on additlonal datg pps shown below,

Figure 3, Dissolved CiFgen in pargs Per million. Maximum .-
80l1id line, Tangae s*dotteg line. Maximun lepre-
3€n%z the mean value of no samples talen through-

L ou% %he yeap Within tws houpg o' the sung zenith,
4 Range is the Maximum minus the minimun ¥alues, gll
& of which wepe taken before dawn, Each locus on the
e CUrves represents g Collecting station which ig
1 desiznuted by an Sncireled number,
% a) Dissolved OX¥gen in Homosasas Springs
L g I 2 @
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Figure g - Chlorids valueza in parits per thousand, Meximume
sclid lins, rangs-=;dotted 1line, Maximum is the
mean velue for chloride asamples collegted at
hizh %ide. Range wmeans the difference between
hizh snd low tide values and thus shows the tidal
effeat,

a} Chlerids concentrations in |

A4 P
i i
ppt .|
5. .
1" e e
@ 8 o . "
-: H i . ! ’//
i Md‘hﬂﬂn_.'m-_
e N T Y e .
g . 2 x
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ppt &
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Boil Distanee in miles

Snecies Distributlican

The total number of species per station is shown below in
figure &, Tabls 2 shows the number of species per order for
each station and to%al number of species for each spring systenm,
No seasonel variation in species ceomposition hss been noted al=
though not all of the data have been consolidated.
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Table 8

Number of specles per order found &t each stew
tion snd to®al mumber of species for each spring,

Order Homosassa Weekiwachee
aistion number station number
‘Boil 1 2345678 Boil 1 2 3 4
Ephemeroptera 4 565232110 8 011 4 1
Trichoptera g 997130DC 1 71510 2
Odonata 5 77454331 6 913 3 1
Diptera 4 9785548280 4 '8 5 5
Lepidopters 3 13231000000 8 '9%.3 1D
Hemipters 3 27205 3811%L S 7 41 1
Coleoptera 1. 02000000 1 4 3 0 O
ek 5 B3Qang"=" L g@Ba”

Total for rivers B4

Total for river:z 74
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1% 1z seex Hhat oul72s Tor both maxzismum oxygen snd gxyzen
EE; geem o pesemblliz ih s;acies ourvoes Tﬁi:i? well: at lszast
ii the upper pards ol ihe rivers. It sccms unlikely, nowever,
that gﬂvamq in-exeass of 6 or 7 pom could affesct the 1HSEG?L&LG
gpibution al Shough the low DO in the boll areas proper may o
11imiti ng, Investigations of other lotic systems have shown that
1arge oumders of spscles are afle to exist in situations whoae
po content never exccsds & or ¥ ppm.

It appears {airly certein that the increase 1n chloride oone
tent in tie lower rune is serving te control 1HEWGu diztritution,
1% 1s diffioult %o d2svermine, however, whether the teotal chlor-
ide coancenirailion or %the tidel effect is more iMEDfﬁEAL in this
respact, Io graeralé it seema that chloride concentrations in
excess of 0.0 ppl may serve as a limiting fastor, In wabers

- gontaining more that 1.0 ppt chloride, typical breckish waier
forma are meat common. Some of these are Enallagma darum {(Hagen),

Trochkopus plumbeus {Uhler), emd the brin e T1y, LDRYATrs 8p.

Stability

The hypotimais Shal spring boll areas are stable was pro
pnﬂeﬂ in previous reports. Date on Homosassa and Weekiwaco bep
Springa conllrm this gensrsl patteran., The oxygen rang: curves
geen in figure S are rﬁflauﬁinnﬂ of the stablllity of tThe en=
vironment; %These show the boll regions to be the most stable
parts of tha q,nﬂﬂwa The extremely small sessonal changss in
temperature 1in theae regions as seen below alse indicate sta~
bility in the 1'1"’15:@,11321’51

Boil 1/2 way dowun Estuary
Homosassa i : & a
Weekimachag 1 i . 8

Seasonel range ol temperature in degrees centigrads

Evidence of long teiu atability of inseci populations is
showzn by the fact Ghat Hm numbers of individuala per aample
colleoted during differsn® seasons in the boll areas of both

'giferc do not differ zign fieantly., This is shown in the $able
elow,

Tabnle 9. salysls of variance of number of individusisa
collsgtaed in boill sreas.

# Mean #

Statlons compared Date swoeps Insactis/S ameeps p velue
Homosasea April 25 .8 .05
Homosassa Nov, 2% 10.0

Homossssa April 25 G. 8 > 05
Weekiwaches July 25 7% o
Homosassa Now, a5 10.0 5. 05
Weekiwachee July 85 7.4
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g the besi chanoe oy survival ars |
Lthin the small renge of environmental ;
the Doil reglons, the differsznce in i

:sil and downstream areas may bte, j
ion of this snvironmental ﬂuﬂhllitgu I
Eu“ 0* apecles warlety by liniting !

——

2 }D&lLuiﬂnﬁ off the few surviving

ractora resulis in larze o

apﬂﬂigﬁ slaoe thege &re zow relieved of a certaln amount of

compebition and grezatiﬂa pressura, This is not the case fn

poill areas where small populstions of the existing few spe i
is the rule, :e Ji:lﬂ sepulation limiting factors were n*aw

gussed in the Tirst progress report and include availabie food

and predation, An ﬂ%f*ﬂpt will be mede to evaluste the import-

2
ance of thess In the finsl report,
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Herotofore wheve ths pgradisnt nethod of measuring p:
g been applled, gﬁiﬁaﬁheric diffuzi;n has basn sagunes
ﬂnnstant ﬁu?ing=bttﬁ night and 4a¥e qﬁcc?uaa the gradier:

mothod promisoduo be a? Sﬂteralnapﬂl;ﬂﬁbllity to springs, to

coral reefs {Sargent, Il.Cs and *e5, Sustin 1940 Organic
product1viey of an gtoll, Trana. ’mer. Yeophysles. Unilon, wel.

20 (2), Do 245-249,), o satnaries, and to streams, it 1s necossary
to conside® thﬁ_night and day changes in atmoapheric diffuslon

as a further refinement, It may be expected that tha rate of

giffusion of oxygen into or out of a flowing syslem in tho course
of a 24 hour cgcla wiil dspend primarily on the oxygsn conceniral
ipn the flow. -U ehwould e possible to determine the Tuncilon
relating the rate of diffusion of oxygen per area o oxysen
concentration for a particular flow system so that thersafter

a correction might bo gppliad to production measursments in the
gamo places

lon

Cengider an averags square unit area of atream communlty.
Let P be the mate of photosynthesls, R the rate of rssplratien,
D, the rate of diffusicn of oxygen 1lnto the stream and O the
giygan concentration. Yhen:

Llj
-

@/@t a P =R+ D,

If the difference betvween daybtime and nightiime eoxygen concontrations
i and ﬂi gon bo eszumad constant aa has

bsen done heratofars In the springa. Then the difference beibwssn

day and nizhi values of 40/dt is the productivity(uncorrected).

d0/dt can always be evaluated by measursments at two staiions on

a flowing system at an intarval of time between upstream

meagurensnt and downasiveam moasuremant to permit ths water to

pass.

If oxygen content i3 alternatsly supersaturated and undere
saturatsd the onygen concentration is momentarily in gguilibrium
with the atmosphere each day. 4t this time Bi can be assumed
z2ero and the rest of ths squation svalusted using othar mesasurcments.

In springa or In the majority of streams which Jdo not bscoms.
supersaturated 1t 1s necessary to evaluaite Dy for a glven
gection of stream with independent mesasurements of R and P with
black bottle experimenits, stc. Fdr Silver Springs at nlght st
the downatreom station dé/ﬂt iz .5 prm, which amounta te 638 mg
8¢» fto/hr. Respiration besed on bsell jars is 18 mg/aq. ft./hr.
Substitution in the above equaticn gives

Dy = 68 = 0418 8 86 nz/sq. £3/ hr when ths oxyzen
concentration is 5.0 ppm and
the tempernture Is 72 dege. Fo

Ty.= = 2, T
liig caleulation of course neglects fish respiration whoes
mgrnitude hos yet to be datermined,
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®rived below:

The diffualon rols Llats Silvser S?rlngs 4&?%3; trf bigﬁa:+:hia
ques at tia SoFnotreds station reach § ppm may be sxpacied to be
“ﬂag tran at night when oxvzgen concentratlion i1s at 3 pom. VUsing
1?th values of diffusicn ao has besn done 1n preﬂuptian
E;Esursmﬁnﬁg thua undsrastimetes the production. Ths maximum

a

1
ervor that could rosuli assoming that nod diffuslon In took placs
during the day amounts Lo 10,008 lbs./acre. The error ia
prubablY about hall this,

ppother king of loss involving cxygen bubbles in the shallowss
water on summer days which rise to the surface without diasolving
pas beon visuslly sbzorved bub not yet msasureds,

Timds ' Speed legulator; Ths optimm efficlency for maximm

H
power output ia physical and bioloslcal systems

h
]

by lls Toe Odum snd Ie Ce Pinkerton (Despt. of Chem., Fng.)

tagaune ths s

o law of thermodynamics does not indleate
the magnitudes of ra

183
s of entropy incrsase, a genersl theorctical
expression has bsen derlved with the use of conceptz of steady
state thermodynamics Lo supply a"times mpoed rsgulator" to

mathh "times arvow®. Qur propositlion is that natural systems
tend to operats at that officlency which produces a maximum

power output, which is lecga than the maximum efficlency. An
expreasion relating officiency and maximum power was developed
which was appliad %o: {a) Atwood's mechine, (b) & water wheel
turning a grindatona, {3) one baitery charzing another battery,
(4) a therwecouple yuaning an elsstris motor, (5) s theormel
diffusion engline, (€) ths vetabolliam of an organlasm, (7) food
ca?turm by an organiem for its malntenance, (B) photcsynthesla,
(9) a self sustaining climnx ecmmunity, {(10) growth and mainie-
nange of a civilization. The sagence of the general dsxivation,
and the application to a steady state community 1llke Silver
Springs 13 extracted from the manuscript and summerized Lelow.

A driving procaas coupled to a driven preceas can bo gesred
at one exirem2 of no work being accomplished in the driven
Process or at ancther sxirsme of so great & strain that the
is stopped. Both extremes, the first with O efficiency and
2nd with 1009 efficiancy produce a zero uzsful power oubput,
If power output in ths form of growth and maintenance i3 at a
Premlum in the survival of systemsin nature, they may be axpected
to be adjusted for an cpiimum efficisncy that is not maximum, The
8Xpression for efficiency in terms of maximum power adjustment is

o m d

ayatom
the
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£ = Xo/X3, when Joz 03 When X, 2 0 I = ¢ X

If R g F.E,ﬂ" f;{l

Py 2 cffX3® R{1-R)

Es Pg/Py

at maximum powsy ouipn {?2 3 maximumlj R = 1/2 e
B ARER SR
R 2{1-+*E§/¢f2

Tha symbols xeprossnt the following:
is tiwa output fluxs X5 iz the thermodynamie "force™ of the out
gﬂcaas; ”3 is the irput flux: X is the inpuu thﬂﬁiodgnrﬂiﬁ
"force"; X “is the lealaszs givlrgltne value of J, when Tﬂ is O

¢ is the conductlvity glving the value of J whan Ky 1 03 £ 1s
g the factor of pra:cr@‘n~ ality reiniiag X? and X- 7 is the
B output 6f11ﬂ¢§167’ P2 is tta usaful power input; ﬁn ig tho usefu
B power outputy © 1z The time; T is the absolute teulcraturs; and

iy - i
= 3 is the satropy. hﬁv m:thﬂdu used see Denbigh, 5h. VY, 1951,
o Thermodynamlica of the Steady Stats., Methuen, London, 203 pp.)

i flow let us app’ y tn an ecolegizal steady stube cowmunity
E like Silver Springs w-g;e tﬂﬂ exergonic driving "forca®™ 1s the

~F absorption of “rﬂ*st 1cn and the sndex geniu grocess 13 ths malntenan
*F and self replacsment of the community If all the power oubpud

e is rap‘acemant thﬂ maxdmum renlacamunt grnd thus the maximum size

f.  that can be shkﬁertiﬂ in staady state occurs when the thermodynamic
force ratio ndjustment () 1s 50%. One can visulddize that 8
Community not in climax would have a net growth output and thus

Would increasze In density until its seintenance replacomant
requirament balancsd death and dissipative rates st K = 508
Communities which did not Tollew this schems might be expsctsd

Lot to have equael survival value, It is thus suggested that ths

largest alzs aystem that can be malntained In steady state on a
Biven pﬂfant*ﬂ1 enerzy source is one whoaze replacement costs
Approach 5C5 of the powor fopub. This reault sugrests that thers
‘3 a definite ratic to b expsctad bstween staﬁninu g"ap and
?*Dductivitv{*a empirianliy observed) that corresponda ic that

Tate of entropy incveszas that resulis in maximum powsr. Siniiar
r&*lns might ba exvectes In widely verlsnt types of cormunitless
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