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ABSTHACT

During this second six months emphasis has been lald
on developing a complete understanding of the metabollsm
of the Silver Springs ecosystem as an example of a com=-
munity aprarently in a steady atate. Variation 1n phoas=-
phates, uptake of nitrates, and importance of boron have
been estimated. Fluctuatlon of some major elements has
been estimated. Examination of stomach contents has per-
mitted trophlc classification of dominant species and the
atanding cropz have been ostimated for these species by
mumber and by dry welight. From these a pyramid of masa
has been constructed. Special attention has been paid to
bacteria using 3 methods for comparison of Silver Springs
with lakes and estimation of the standing crop. The oxy=

gen gradlient methcd has been repeated at half hourly inter-

vals. A carbon-dioxide gradient method has also been usad

to chsck the oxygen and to cbtain a photosynthetic quotiont.
Black and light Eell jJar experiments have been initiated to

obtain checks on the other production measurements and to

gbtaln a community respiration rate., An approximate balance

has resulted from estimates of production, respiration,
and downatrsam loss, A flow rate diagrsm has been con=

atructed to clarifly definitions of efficlency and thelir re-

lationship to a steady state system. Iir. Sloan has sta=
tlstically verified the 1ncresse of insect number and

variety away from tho boils and demonstrated the reliabllile
i1ty of gquantitative dipping for aguabic insects, Plans for

i

the third half year include detailsd and comparative siudy
of the dominant algse and further sstimatss of ratez of
growth of all community componenis.
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If ons uses The avsrage nltrate daviime minuz nirht up-

o bake of o040 L vas cascusaites il Gae vate of flow thas

14,500 pounds per acrs per ysar proteln are belng syntheslized

during the day,

In general ths Spring has besn found to be rermeriably
constant from day to day rogerding nitiate. Additional detsr-
minations of inorganis phosphorus show contimued constansy
of thess valuss for Silver Springsas shown in Table 2., The

ratio In the sprioz water is 10.8 by waight which 1ls of
5 gamo magnibtuds as required for aquatic organisms. In
h:hsr 8prings enalyzsed values of the same order of magnitude
1 Ve besn found although the N/P ratic tendas to ba somewhai
tg;:T and thus bslow that required in protoplasm. It seems
mmﬂf tho two, nitrate 13 more likely to become a limiting

ent. Csriainly the modsrately largse concentrations of
Mtnitrate and phosphets ars consistent with the obviocualy

fertility of the conatant temperatuve strsama.
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A8 yoported in the previcus yeport the chemical compméitiﬂn
the aprings with respect to the major elemente has been shown
pe £8irlY constant and data are avallable for most of the

ngs unae? study. Daia on the trace elemsnts howsver ars largsly

Mot and information ls noeded to establish which trace slcmonis may

Pyimiting or otherwlss blologlcally important to the apring commmi=-
1t 18 &n outstanding fact that many springs with ssseniially

game major elemsnt conesntraitions differ radically in the nabuve

 the biologieal community.

A serise of boron annlyses was made of water in Silver Springs
‘L4 gome obher wateors Lo establlsh general norms of the elsment for
B sda, We avs especlally grateful to Mr. HoW. Winsor of the Florida

Bdcultural Ezperiment Statlon for showlng ua his analytical mothods
B thus gotting us off to a Tapid start.

The data on boron in Florida Waters ars given in Teble 2. Thoss
bts are avranged in oxder of ths chlorinity of the water. It gsems
gy that thare 13 a corzelation between the boron and chiorids as
iht be expescted firom their simllar high solubilitisa. The assoecla-
M of boron and chlorides iz also consiatent with the premiss that
“Hs high salt content of periphoral Florlda ground waters ia largely

s to 2alt in pore srecsg left during the last Flelstccsns inundation.
j urface wators some chlozide-boron correlation may bs sxpocted from

{r common source irom marine salt brought down from ths atmosphere
- praine.

The BB ratio in Silver Springs (2.8) is so small in compariscn

the P/B ratio in planis that 1s seoms unliksly that dovon in

Pride 1s 1imiting either in springs or cther waters. However, ths

¥ levele of Boron in these waters may bs growth promeiinz although
f imiting, Bawumeiater in 1945 found .5--100 ppm B had a growth
ting effect on agquatic spermatophytes. (Jabhr. Wiss. Botan. vol.
Ps 242=277)
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In -‘.:'::a fizat repord a method for measuring prim 4-*“

gty for tho whols spring o strsaa *nmrunf_ty was dsgerilbad,

inereass in oxygen b n two statlions at night was .Jl-....,u,..‘.-.:':.'.'f?"_".

the downatrean increcss during the day. TFurther study of

« methcd has b 3 out with analysss mede svery half Luour,
Rogulia of thase av2 ghowa in figurea 6 and 7o,

Similar cuxve basn ﬁc..:aimad for carbonedioxids =zs in
pigurs 6. Tho avo: a0 ORygen Curve and the area abovs Lio
~ aipoling e»___ﬁ; on-dic e hava bean used to obtain pholcgynthse

. e
1%

tic quotisnts thua
etation cof theae
trhoala cm._,a T

dilsoussaed ian the g

1

Lo
-;aﬁing the gensral valldlty of &
naes 25 the result of diffsrences in
wning of these respiratery quobtients o
= dhisory below.

1R
"1"'|' -
el

-
=

Considernilio vawiisicn nss besn obgerved In both ths cuyiso
carbon-dlozida caluss Trom minube to minube 1nd! eating 2 ~oa-
giderable hetercgenally In ths water Some of this wariation hsos
been found in ths e '~'c-?3:;:;:=, the carbon-dioxids wvalues

gra much mora orss

% cf 1:.“1",.3 15 dus to the inharently leas
geourate end point o sarvbon~-dioxids titratlion used in co
parison to the Winideor {ILrantlon. However, there sesm to bs Ifliugtu~
“ations which ars groator than those dus to tec,mlqug and greater
1 -f.than fluctuations in 2. During the day under the
Lf mbtmpic&ﬂ sun in c:.".zr_*‘ water, oxygen 1ls producs:
¢ In the beds of Zagil 1A paripiryton. ’“T*a.,a buu?;la,
thrnugh the wmter ; more homnogeneous distr":
& 1n the egne of ide., A ‘Ei""'"ﬁ:.ﬂj’ mr carbon

£ e b e

E flnctuatica soon af chses T&‘i‘-. on thres occas iam 13 .
& £ 80 the trapped watsys disa, skallow sholves,
E which becoms a fow ":‘ a daf"*._ ce cooler after ;
“back into +“"‘ mnin produeing greatsr heberoge
. spite of f“r*“.‘a;ﬁ vy by making 3.ﬂ1'=-*'ar asries
urvas such : ] and 7 can be readi al

g comunity na? 5

e It 28 11k agtimates ars minlwmum becsuss In
L tome of ho 3, face mazk obase rvaiﬁ r::1 ghose vast
mmﬂ:asra of oxyzan rming and breaxing into ﬁha toTs
D‘riﬂﬁ ths middls v acme of theae can be obzox

surface withou 5 Glasolved, Also a faw ';;:l;;: er

ﬂm.a.nt mats Laconmo during ths day so that '

ti'-1'?*1"- results in los durling ths day even in
Xyzen valuss ara 7t a¥t night so that not

di fugsa Iin fros 1aTe. Our preesdurs ls

: Biggt vsﬂmu., as 4 day and night ﬂit:.t"ﬂ?.?ﬂ

E @ thesa effechs nd to causs aa undersiice

 Rimgpy l')“l.i.“ etion 211l the more startling to find

: values sush i tabls 6.
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._ﬁg gnelocure mese raranty
Furthew mesaculomsnis h2vse beoa macde naing the cage enclszurs
nwth”ﬂ of weighing wet z2ud replanting. New data are inaluﬁaa in
gable €. Unforiunately two apring rerlods when ths cloud cover 1
*1@9.315 snd production iz probably gﬂﬂa*eﬂ" are not repreacnted beo~

'I:FJ

caugs Ghe biz Tomzoga snnlils found a hele in the amail chisken
wire and at2 up t09 produsiion. A second pericd was wulned by o

o)

:Etsnﬂuu&?ﬁf turtle., (Psranthetically we note that under prssisaly
Tnown concitlons of 2.8 prm oxygen chickan wire laats about 8

‘pontha3 ths oprovh w--‘,:;u; to study correalon undey kaown -::;;ﬁ*":":a s
af ﬁxiﬂﬁt".ﬂ*’“ vobantlal z0d tsmperature should be obvicua.)
The smnanl iverszas In growth rates of the Sagittariz Indicatsd
tha tﬁn ft*lﬂ. s.'i.l:.:f*':'“*'-: 23 betwaen January and June suppoert the

no orygen gradlent msethods in figure 7., To
h; one would hardly guess that the ﬂu“““ﬁt:m is
3 28 faat In the summer 43 in tho winter and
songtant bemperaturs of 238 deg Co The obanding
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erop sssms nardly to wavy at 2ll. The cage snclosure methc ﬂs price *,
glve minimmz i"L.:l"--'*fa gince the hardwarssloth top cuts outb
able light, and sinas the pulling up of proots dilverts swms |

BReTEY e

Although not dirscily of intorest In estimating the
in Sllver Fpringe ths ectimefes of growth rate of nouston, i
and hyacinbhs, Teve Less conbinmad. We think thls 1z @ powsilit
for astimating pirime moduetivity iIn auyvey work In Grogpi
Where the temperat :29 In the gl Is :30* great eithep from
wedk to wack or I to plsce, c¢ages of nouston ean Le plao-
ed on unknowmn Tz fertiliity waluos cbtainsd in Swo weeks.
I=i.u*hla indicate that in north Fiepida

The valuszs of tahl
undar alr temnarn 2itlons a climmtic sompensation poliat isz
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pell jer metacds
Ag mn sdeiticnsi &hsSElit on elhwer 3;;-:’.'_--_:-::'“"-:- Riasuslag Lol
ard i0 erder t2 esctliz-ule Teiplration, thas stan darﬂ lght~olia
j.:ttl! mothod hos bzon .-..:-.:-,ﬁ ted o the springa. Lig;ht “and ;;Z
- pell jars were ;J.s».:,eﬂ ovsy typilcal areas of Saglftarls and lis ai-
E- glzace A amail tube leading from the centsey o: the jer
: o] pubsids alinws en ouygen sample 0 be drawn without diaturbing
© ipg javs The 100 ce vied for analyzle is smell compared to the 1%
qazer capecliy of ©he jor. Analyzes are made aboud an honk spatd
‘g0 that chanses in Dactedia probsbly ase diinized. Th ?='-‘:.
§ gace on t“a zﬂasl' 3 ingcluded pr av-nm the walls of tho Lell 3
§ paving en op » Smallar bell Jars placsd on &
i gurface T ud 2 get some idea of the metabolis:
b paoteria and distecma on fop of the wuds Again as in 211 springs
' covle, the cloew, abively warm water p&mita Intimate ds '.r" 24
¢ gork LT band w1t mzak without the uncertaintiss of boal
lirpﬁlﬂ"“'\ s Dgzn " jar measuremonts avre glven iln tnli
L press ware caleu] "sring the oxygen incrésse to tho or
walght of Tho pls weve in the Jar. Then this rabte wvea nuls
tiplied by tha av 2% of planta per square foot.

._L.‘..,, R R B ¥}

|-::1.-r|

It ssems clon the bell jar estimatesa arve lowey than Lho
oxygen gradiant -

e .-;._::-.r:t sstlzates. Although it is too socon Lo b=

B gure, i% 1& cur in on h:l regard the oxygen gradiani fligures

- ag more correcth. iades of B __g, lttarin erumplsd. in s bell Jar do
not have fresh hish nuirient wmbor moved rapidly paet e2 whon they

| are waving in the currs E'a'-an so the almlilar oxdsr of r:;;;.ud.:,;lsr
by all thsse melhods atea that this ot least is core Bven
in one hour zomé X3 svies appaosrsd at the top of »::‘:,-a ?:a3.+ Jar
Indlcating undere

The respivation mizs from the ball jar m;par; mentes Jdo not of
eourse ingluds resplretion dus bo fiﬁ‘f’k.&#u

&

sy, 5N L. T I
ooz 1rEman '1t*=~ of domstroos
=l ook I =

E ST = T e

Purther measursasnt of fas amount of ﬂagi“‘ tapis elumps coliting

domatream have soallrusd the :m;‘li,wa ef D1 Foduetlon Loss dus 1o
this canss 23 given in takls 7s Althongh Iimpreasive %o ths e72 o
gse the aea'*‘fl,m,a gitrean of fleating plants coming frowm an 15 acre
Moducing ars this 1s mot an approclable part of the total produge
~ $ion.

Baving alroady noted that $here waa ams little geston in 2llie
e R[prings wmbar an pa2rhens any water in the werld, we wars asbon-

- shed %o €ipd thal al shongh very sumll psy 1iter that besause ske finy

Blankton sonponent %z leooge frem the beds of plants noe going

dosmgtraam at the volhe of 565 milllen gallona a day, & leorgs Tragiion
& o T

r‘."
V:'t
€3
]
r,.
1k

of the wrodustisn wes loavinz ths systen "Lf“i'rily anticed zo

ol @iotom, f£ilament, or dairitus fragmeni. Ths infersnas

11mn$1:3~~v as Glgcugaad L a theoretical ssction of the {1
that stream prodastliviiieos ave probably on &n s¢r2 basis
h.i.g;}.@s.. aven tnouk x“"*ﬁ*mf;;-m's:.n gonkributions.




na estimalo ariais dovm saw Iogs WED Enea o
in: 20 li%exg o ) * theouzgh & planikton ned, drylnzg in s
iple and sohing $o pet & loss on .agﬂl**‘*ﬂﬁ as measure of tiw

mattor.

Ir. Nslaon Earshall of thas Cesmnographic ‘mstitute Florids
state University h?'rﬂnn. ~ 12 gallen samplea through his Wosrat
centrifuze obtained ssbtinafes of the ehlorophyll going dor ,m;;hif
- g found of course that 'all ths vaives were extremaly low but tho

wator 3/4 mile dcmmetvean ztatlion contailned .41 mg chloropiyll |
cubip meter compared o & p -‘-..;h:al?.:,f zeTo reading of .03 1o Ghea
boil, If on¢ uz03 a ehiloroshyll/organic mater ratlo of 004 as

-

4n some Viseonsin Izlisc onc obialns an organic matiex l’.‘,{:‘an,-_"."“' o
2120 .._#"I. end & dovnelrsen loza similar to the one ectimatsd from
direct measurement a3 in table G

gilver Springs motaboliic kalenco sheael

Although many sebliuatss a2 as yof rough and tentatlivs, 5T s
now fessible %o coublas i wvarlous estimatss to gst an initisl
pleturs of ths werkinss of LYe 811ver Spyrings ecoaystem and %o Lsasts

production ralos muzl = rectad by adding the respliration Taie:
for those hourg vuwlry vhish pl hotogynthesis wae satimatel. '
respiration subirzcoliasd in -:L:a caze of the oxygen motheds 1o
ity respiration not juci plant respiratlon.

# ok
contradictions and ful Trzias., Fireb of all ths wmneorresisd pifopkc:
El‘.

staady state with oo sccumlaticon of organie matter or shanga in
gtanding cwep, 5'.:1.‘1'-‘..'-‘3 tho Ffellowing relationship muat bold:

If the 1‘:}"3:;1-‘:%;5312 iz correct that Bilver Springs 1s in a

(zorrected photosyabiloslaol=ltotal veapiration)s{domabrsen lozz)
uncoryectad, da;,- total Jdowmnstrean

{ j Fi T Ph R | { } 1 L]
production A {rospivationi( } 'f' «I=\psapiretion 2l10aa ‘

The manipulatiicaz In Tavle 7 ahow thet approximate balanes iz ol-

taimtd witk the leowar ssiinctas of primary g:‘cﬂ“.ctiﬁn g8 :T_H winter

ﬂl‘ in bell jars, for tho calsulated figursa are then cleas to the
obssrved esctimniss. Tor the h ot

1;,11 productlivitiea, whien .“" 5

Teal ginco thay havs Lz thasrved with more then ons met
caleulatod wvalues are ont of line wlth observed valuss. !
thla means that presecn® 2urement ::f' respiration by Lelld
maa'b, thas dosnotraom logs ia balng uz::":rwm.mm hat o
1o mattor iz asoumulatad guwing sumer and lost dtrm_‘_: * yior, or
that someining elae 1o urcng will hava $0.b2 found from “* a2
eatigatlons., It 1s in tewesting to notice the smormcus walueg for
“91’1‘%‘*35 ,;;“m“'*“’“** e¥sn with observed respiystion esbimabes.
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be
j diagzen for clapificetion of efflcisncy definitions

peceauee efficlenclos mean so many things to different people,
¢ne dlagram In figurs 8 has been constructed to elarify definitlons
of three kinda of efficlencies at present 1In use In ecclogy. The
diagrom 8hoW3 & community in ateady state with the lst and 2nd
1aw of thermodynamics tatlsfled. The firat is satisfied zince the
inflow energy and oubtilow energy are the same., The £nd law 13
satlsfled siace most of the energy in eamch step is lost to hsat
gince each gtep 1s @« spontancous lirreverslble emergy transfor,

The first type of efficiency is the percent that the actual
wth produced ig of the inflowlng food or radiant enorgy. This
can be called 25w officiency within the trophie level. On tho dla-

gram this ie/2 for excmplo.

The sceond typo of snorgy is the efficlesnecy of ensrgy trans=
for between trephlic levels. This 1s the percent of ths food pro=-
duced which goes Into the noxt step of the focd chaln instecd of
being "lost" to the roducers. In the dlagram Ep/i1 is an ezample.
This efficiency betwesn trophle lavels can be considered 100% if one
counts the reducsys az part of the food chaln.

The third type of efficliency is the percent that production
at one level 13 of the pwveoduction at the previocus levei. This
food chain profustlicn efflciency 1s voally the preduct of the
other two efficiencies. An oxample on the dlagram 1sgig/'i.

Relatlonshin of siondling crop to productlon pate

As shown in tha dlagram of Figure 8 the standing crop 1o ¢
balance between the inflow and outflew rates so that there Is a
dgé‘%nite mathsmatical zelatiocnship when the sysztem 13 in sicady
2 Sa

Agsgume @ simpliflsd cose 23 & modsl. Assums that all
efilciencios within trophlc levols (within organisms) aro consiant
8nd equal (for emample 107, In thls cace the grams of sbanding

Orop are inverszely proporiional to the production rate per granm.

ol

e will thug tend %o be mony of those apecles with glow Indivie
due) growth rates and few of those with rapid growsh rates.
Since the metebeolls zute of organlams ternds to decreass with o
(Von Bovtenlessy, L.V. & 7. Kyyviencsyk 1953, The supface Tl
in Orustacea, American Neturalist 87, pps 107=110) the larger
Anlmals may tond fo hovs higher standing erope relative Lo tho
fmount of ensrgy pascing tihrough the trophie levsl.

pead T )

.
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Frﬁdugtivity eouation and photoaynbietiec guotlents
—

e P o

The squation below iz a summary or balance sheet for the
POCSSS of primary prcduction involving plant photosynthesia and
P th, which are not separable in the esosystem. This equation
héﬂ peen constructed using rough agsumptlons as to the mmtics of
elements in plankton from Fleming (1940, Proc. of 6th Pacific
geience CCnZe 3, pp. 535-532) and other sources. By means cf the
+ion the large smount of oxygen that enters with nitrabte
pecomes cbvicus. Under such an equaticn of elther photosynthsgis
op resplration, the RA iz .73 due Yo a half protein composition and
to the nlirate derived oxygen that does not show up in coaventlon-
g1 means of msasuring N.4, If on the other band proteln growth
gore not apprecinble ths quotient would approach 1. ‘The valueos
for rhotosyniketlic quaticnt observed in Silver springs wore cbh=
tained from day curves cf oxygen production and COz upitake at the
downstrean station, Tho Tatio of the curve areas indleateos a
otosynthobic guotlient of .92 on Feb. 19 and .65 on March 26
pozeibly Indlcallng 2 3 ter nltrogen metabolizm st the letor
dats. The eatimnted profein preoduction of 14,600 1hafhcrﬂ/%r
ith tcanthebie quotlent betwsesn 65 and .93

15 eonsistent with 2 ph
and a total mroduction of 30~50,000 lbs/acrs/yr.

el e
0

Eventually it wi
tion of the plan@ io

i Do rossible by analyzsa of chemical compoaie
crrcet the equation above so that 1t fits

gn by sasumption. Until thils 13 dons pro-
ryzen measuremonts are reporied as
alculateﬁﬁgry waight.

ductivities obtal: o
glucogse Tather fhnn o
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