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POj)ulo'io1>.I 01 Il>0l,<<1 MJoJIsI>, L<~ to""" ., ,.,." ... , (V,l<t>t;.-,,,..) .. d 
Florid. luvm-..... -. J/;'>bt«n<, >O/"",;.k, "rldo"", (us .. tu.) ,",,,, boo. 
.... died in 'he I, ,,",, ~"' « ... ,",nj,i<o .f Sil,· .. st,o.i_ FIo.ida. r.;, ,.... 
ti ......... _ ...... 0 """' ... , ""'I><'"'u", "''''y ,,' ...... , wmlco.l .. >i, ... 
mtnl, . 0<1 , .. lilt biolori<&l con",,,.ru ..... Ou' 0 _ I '''Ai' in boht io,"";', 
. ,.J p:.....J ptod"",rnty. Studioo 01 ,II< , .. Ito 01 11_ , .... woe;'" .. , .. _. 
" lIP "h"b I.e "",,"Wy ,",Ibm" btU"'" ,d.l«! ,. t<mp ........ 5' .... hop 10 """.<d $0_ "" ...... , ... ,. ''''' "" ........ '0 be ,",,"Ii .0<1 1I •• i. Ionoatioo. 
10 _ "" ... laltd ~'b ,I>< lim< of)"tO< Th<."..tod ,".fio/> _loti"" .. prod .... 
...mI. i • ..,na" . 0<1 '"_ . • I,,,,,,,,b ,b ... 10 ev>itn« 10' .."". ... ' ...... .. i,.'et b'«<li"l'. At< ".upo do no' ound ou' dW""'ly in len&tb.I .... _, 
tlia.lra .... R'II""''''' ..... b. Flondo 1a'll<m<lUth bo. .. ,.,.,..,. '0 be <Molly _ 
'0 .... ,nJ . nd 10m"", •. Th ...... " ""b. """"""' ""'PO"" ", lb. .. . .. .... 
po .. n1l. <),d,. 1ft "'" ~I. ';"'01)' 01 .- ...... " hI<b "'u .. III< .,. ...... 01;'" 
".- ...,.oduruoo to ~ncido .. ith pt,""" .1 V"'" food P""'"'~'" Re· 
...... u ... of '-' _ and ......... ",...tI of ..... ,,«1 ",o6>h in <>'" wi,b" , ... 
..".;"" l"IIi<o,ed ... ode .... rro~"b ,ot ... Tani .. ~t~ 1,.jJ"MI .. 1 «>10, "' ........ 
tic .. 1 .. ......:1 "udy mdlto,«I ~"Ie 100,""",", by ,ho opotl<"d "'"601> . .... , ,b;p 
m<Ktallty. D, ...... ;""hId«l 0" ,ho .... 'h · ... iP' ond 1>od,«oIe r<lotloDOldpo, 
d<t; ... of ",ole ' ....... ";.,n. ,bd lood "!be _I >tb,ili<> of ,.,,,,,,.u.id 
_loti""".,. ><Iju"..! '0 malo. _ of ,'" ", .. .lmum /low oll'l'ud"'ti .... _ 
'" "'"'" ond ..,m ..... ood.r< ,1>,.. ..... 101«1 ",i,b ,t.. "" .. .,...riodi< <yck 

IN't~OI>UCTlO" 

Allhough I"" flUCIUaliOM in chomic..! atld ph)",ical f>I"OP"ni .. of most 
aquatic ,,""in)nmenl5 a'" large atld irregula., an intdcll\e adju,tlIlOllt may 
de' .. ~f"" oo .. ..,.n t"" on"i""'mtntall)" coolroffod Jlfim.ry produclioo ol 
organic mal", by plan .. anJ tbo growth aoJ rq>rt><Iucl ion <>1 full; ~ 
"""hani""", by ",b ich ,ho &,J, pol>Ula'ion. an: .. H·rcgula,O<! to man>~ 
lhese adjtutments aft Ihu! pettinont '0 ,"" managemon' of fuhI,,,,!" 
Ann~lu. formation, annual fluc,uation. in population m<, tbangtO ~ 
growth rale, and p<riodici')" of breeding "r~ <""",pl .. of phona""'''' ~ 
must 1>0 adjuSlod 10 ba<k en<rgy Ho .... ill I"" commUnil)' , I)nfanunatdy, 

,n.a...-. _".- .. . _ ... , ... _ ,"' __ ." ...... 0t0<0 .. ~ .. ,,~-'" 
u.--, .. , .. N • .,., .... , .. ,.I .... ,.,;" .. .-....... N .. 'il-'''' T_ 
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A"ST~cr 

•• 1..",.... _.,., _, .. . , (V.....,i<ru>oo).od 
"",., , ..... -. ~ (loSutu. ) loa", ..... 
..... u"' .... 01 Si' .... S!>~ florid<. nu,. lotto , ""'''''''.ft, "''''y ""'ota., <i>trm<>' •• Yi«I .. 
"" ........ "'" • -' < ...... in tip, i ........ , 
... , ,t.. ",.1.0 .f H,_ ,...., _:... b ... _. 
ok bu, bOt "laUd 10 , .... po ....... S ..... rilIp 10 
">0 ........... ,. t.. uOuU .od Ihri. f .. ...... 

>l ~ .... 1b. "",,1«1 .. 00,10 popd>.lion "p_ 
, "tII""", """" " <VUlt"", to' _ >«"' .... 
,. no' .. ~ . , ' oiW."'y In It ... h.t.eQO<tOQ' 
id.> ... ~''''.''''Ih ...... .,.,.... 10 t.. <hi<t!y .... .... 
,..", "'Ih • co ........ " .. po." .... ,Ilt ..... .... 
'7 01 ~ full .... hi<~ "'_ , ... p<riodo of .. 
• .nih pori040 .f (t<.O'" lGOd ",O<!oetiM.. ..... 
" u"'-U.I 'f'O"..:J .. _ ;. ,_ "';'hio tho 
~b ... 1 ... T~ wi,h _ ...... 1 <010, ~_ 

1111. ""',..m,,.,, b~ "" _"td .. , ~sb 001'~'" 
, It.. ..... b· ........ ' ~ body ........ ~[ .. 'ooolUp, 
<OIl food. 1b. _I .«'vit;" 01 CrtI,.""loid 
...... 1 u.. "",xi .. u," 110 .. of prndU<1J"" .-" 
.. <OI'tri>t<d w;L!:t tloo: o/>oIopooiooxli< ",<It. 

NTROOucrlON 

L <hcmical ",d physical propenies of ""'" 
and irngular, ..., inlricate adjulUIn""t!Tlll' 
,"nlally ,on"'ollt:<! primary produc.ion of 
the gro.nh and uproduction Qf full. "The 
popu!a.ions art ,,,,If-'''lI'ula.t:<! 10 mainW. 
~rljnent '0 the managemenl of fuht,i'" 
LC'Ualioo$ in poroula'ioo .u. clwl~ ill 
, ..... cling a,.. .:tampl .. of pb<n~na "hido 
"If HOI<., in tho comm~nily. unlonunattly, 
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'" 
il i. oh.n difficuil '0 ioolatc tbe """." role playt:<! by inlerna! rhythm. 
and n"rnal c""lrolling foc.ors in si,uation . ... be,.. many chong<:> are 
o«u.dng oirn uhancou>Jy. II""" .ould itJ.ally ""'lain a natural community 
of ftob<s under """"ant limnologi.cal conditions lOme ;"'ight miglll be 
pinrd ... 10 lhe role played by single lac'Qn. 

n.. "",dit;"", in Si].·", Springs, Marion County. flo.ida. 0 .... 01 the 
IMge spring> <>nr the ""nlCr of ,he stale, au n .... rly idral lor "na,ural 
,:q><rimtntatu,n" A larg.. ou,fto ... 01 ha.d wa.tr from lin>eslO .... <a~c"u 
mainlain. a conlintW !!ream ..-i,b • constanl .. mperature 01 73° }'. an~ a 
""",WI' chomica1 state. In this rich and cl .... medium, ,he . ubtropical "'" 
mainlllin. a &~ communi,y of organ;..,.. witb a high degr .. 01 .. ability. 
AIMng .. \.emal influenc .. ooly Ihe faclon Of ligh' inlen,ity and day leng,h 
change "",""""lIy. Odurn' found tha, primary production in December is 
>bout one·third 01 ,hat in May. A 'i't"W Sla" law prohibilS IMi,,! in 
$;1\'", Ri,'"" whkh i. used main!}' .. a r"'Tea,ioo.1 attrac,ion · The com­
muni,;.. 01 ,he headw" .. , zo .... (lO Krel) .,.. IOm.".bal i",la'ffl by 4 
miks of • more .wilt and ,umu!""1 _I;"n of the river that brgins abou, 
• mile helo1t" the fi", opring. 

A genenl acronnl 01 Sih'er Spring> wi,h ",,'1den<:. of physical and chemi· 
cal ",ability i. provided by lhe Florida Geologic:lf s..,,"<y (Fergu""n U 01 .• 
19-47). Qualitl'i," and quan,i,ative deo<riptio,.. of ,he communiti .. 01 
mainly «I ~ ..... (s",;I/"""), i~,'en.bral", fishto, communilY trophic 
Itrn::ture, mruboli.na, limnologioaf cha""'ttri><ict, and producti"ity h .. "" 
!>.en pro"idt:<! by Odum.' The algae we,.. deocribtd by Whitford .. and the 
fuhes by Hubbo and All"" (1944). 

The purpose 01 litis poper is 10 ropor' "'''''' ,tudi .. on Ih. fish popu\a> 
lions in Ihi. UDlISuaJ en,;ronmert'. The invntigalion was brgu~ by Oclum 
with ,he .... iSlance of W. C. Sloan in 1953 .. pan of a ~oeral produc,ivily 
lIudy. Sy~ .. m.lIic coll«,ion. and t.gging "·ere ini,ialffl in Man:h 1954 by 
{)dum and Caldwell. c<>Dtint>«l,hrough thaI . ummer by BCT'Y. until June 
t955 by Calcl ... U and Hellier. and compl~,td by the group in ,he ..,rnmer 
of 1955. A lOlal of J~ trips we,.. nta<le wi,h lhe gencrou. assistance of 
'"",unt .. n.' 

Although other centrarchkls a,.. pr ... nt in the opri~g (Hubbs and An.n, 
19H ). most of ,he data ...... ob.ained on ,he opout:<! sun!bb and tht 
Florida laf8<'hl(Iuth baM, •• hic.b a,.. by far lhe mos, abund.nl fiohea in 
Ib.i, """",Ii,·. rol .. as carnivore and lOp carni''OYe. Some idea 01 lhe 
~inance of Cfll,rarcbith among the larg<:t 6sh can be oblaint:<! from 
"","al .,Iimat .. in ... ,hicb 68 pc",e~t of l,l81 fuhe5 OOIInt"" we'" $Unf><hes 
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~ ..... P ....... , , . c-. •. ""-. lin, T. H.,!«" w. " .... /. _ .. " ". D. 
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'" 
StudiO'S e~~'''''rt on cloHly .dated ctntrarthid lisbes in .... lm oritlo 

.. aoonaJ changtS »trmll oomparltollS thaL >bow Lbo dl'<c1 of 1110 ntariy .... 
stam rn,'iroonlmt in Silve. Sprin&t. To further SlItb compo...uo..., dI<IIIl 
hu" been made to tlele""ine pop.tlalion clwacurhlkl in "Pite of .. 
ulathely 11111.11 wnjka lIt«IIi(a(!'(i toy the ~1 ........ trictcd coI1e<tiD& 
l',;viltgd, and tbe lack of • fhher)" Data art rtpOrted by sp«ies ill "",. 
INlns on >PO""';n&. knllh-weipl rrlationsbipo, InIgtMrtquttICy disIta­
Lions (.1'011 .... IUnfUb only), vowtb ';1Ip on .,aln, and p<nrtb ralOS. 

M.lT1IOP11 

Mw of the tUIo .. e .. tabn .;11>. l!·f_ bq ori ... of ~.indt. AMtbod 
..-II.. Some of ,he la'gn 19«1 ___ coll«tcd orilb."""", p" II1II . 
o ... all aM. nH."" cur .... , !low (0.1 10 1.0 mtte' pH wcood), do'Pdaae­
nd (3 u. 7 metrn), clt:l. nit' (horiwnlal undtnraltr ,';';bllity. lOS 
meltn), and oo.t'''''loo _b ;I.J lop, presented ...... UQ......u ,_., • 
""P"<"illJy lince an "",.k bad to be 110M at ni&ht to insure • ...,.., ~ 
\aI;". oampr.. and ill order IIOt 10 Inttrfere ';11> 1M p..boilonl bears. 
Gill nru, trot Ii ..... and 111l~ ..,'" uiN but .., .... rmll...,11 ~ 
Seining in I"" """11oW$ aIont tbo ~ of.hc "''' and boils of ,t....,.q; 
in beds 01 ctI I'*'" )'icl~ tbe oaly rtUODabIy atWactory wnpks- H....., 
plant bcds Ind 1IOf! boUOII'IS made evm this r...bing dil!iruh. 
~ fUb that .. e~ DOl II,ItIItd .. ~ presor."flIln !he Iidd in 10-p:rcal 

lonnallo; nlU>ur.mtnlJ, "~&hlJ, and Kale IImpia .. tr. wen iIIlk 
laboratory. 'I"hoee r.sh lagged "'etl: musuTt<! ."d. ocale sample..,.. ~ 
h.fotl: tl:tu,n 10 the watc •. St.n.l:lrd IcnJthl w .... lMUurfli in mllUmeletI 
and ,..';g!ltl In p;rarm. Seal .. _re lilac"" hetl<4'fll gIq sli<b in • 1- b)' 
I -inch lantern III"" J>l"0jeolor ..,<1 .... mi""" on. ""reen at a magJlitioc"' .. 
01 X 21. Lengths from I<I.le mnsuremenll "'e'e uleutaled .raphkaUy by 
di.NOt proportiQn (Ca.l:ande . and Smith, 1944 ). 

Sl'Onw S,mrtSIt 

M~lurilJ Q~d 1/>IIlt'II;~,~AlllIough Hubbs and All ... (19H) nported 
Ihi> .pe<;I", to ' f"'1m (01)' In April and In .... , th. a~e 01 dl"inct modoI 
It> l""lucnc), di>lTloolioru (FI,. 1), lhe prescn<c of yw."~ fish in .... 
moolh., and Ihe apptatal>CC 0111 '''.>1 • 10'" rip< .dulu ( t'il!. I) al.lll 
limes 01 ,'" yur !U3"" tluit lrotled sunfish bl"ftd !MIt 01 I'" )'flIr ia 
Silver Spr;np. Simll .. hrf'C(U", was rep:", ,,,, hy Kilby (1955) for this 
'l""its al Raypo", ¥jorida, in • brlcklth-water community ltd by tbe.,., 
of lbe large fresh .... er \\'<,<,k;~-.chtt Springs. SluWeI by S\oan (1956) 
on this run indicate • relAll'~y ..... 11 .......w ,-ariatlon of t'""'I""r:lIUl<.. 
Carr (1941), uponi'd only. latt·<prln,g !pI"ni~ lor """lItd sun!ish ill 
"urtliBll)' tlorl<b Iolreams~, but hid mado no definite ~ for wiDtcl" 
spa"";,,&- Mel ...... • obo!f,,"flI Lffedlng ¥th-ily In ",be< florida opri:IIg 

. ... '-. " __ )oj I'll». n.. ............ ___ "_D_ ,., __ 
u .................... 
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MONTH 
nov ... ; .-"'''''01'1, of """It<! "",full ..-iLl> ... n-d«dop<d 1<'0Id> i. dil ..... "",,,t .... £a<h I'OLllt .. _ <In 10 ox ..... i.,ji".;,j v'" .. ith .uD<ht<l ....... 41 

miUi",." .. or .lPov<. 

ing gonads " .. "., found in a """pI~ 01 30 fish """,teD 40 and 55 millim<!'" 
lrom March and July. 

Le"~I"'I,eq~en,~ diJlTihtio~,_Tbt I""gth-f, equencirs for tho spotted 
sunfish by month (Fig. I) '''''MI no distinct :lellil.I'iltion 01 groupo. 1b< 
presone., of small fish in mOW months :rnd 01"", .,·id.""es of bree<lq; 
dted earlier indicate ~ .(tad)' rtplaument to ,be population. Odum' 0/1 .... 
ed "vid,""", of a higb dt~ (If ""mmunity ,tabili, y in Sih.." Springs. If 
,be pOpUlatio", of ~nt~hids ar~ aoo ",Iall,-.I)' liable, it i. ~bl. thai 
a c1".. halant. ex;'1$ !><tw..,n rrplacem<nl and mortality_ 

The .. ining intr<>duced ..,rne si<e scl""uon. The "",alles' fish art Jw<I \0 
find in the roll. 01 plan,. and readily """'p" Ih. "';ne by edging into .... 
mllCk at tho bast 01 the gr ..... M""y of tJ.. larg'" fish...,ape by . ... ~minS 
around ,he wing; 01 d~ ntt _ n.e total ""mpled c3tch contained rna:uld.," 
numbon in the 35. to 6\l·milli""'ler .i ... ranse. On a .... igbt hasi" hoW¢, 

PopulGlio..s 0/ 

do< popclation is great""! .t Ibt 'i 
weight per individual off .. ts the d, 

Tho: ltngth.frequend ... lor Mar< 
,"mimett ... Thi. pe.ok mov,," to Ih 

'lli,,,<1" per day ) I<>"",,.,hat ]a :l. (0.l2 mill imeter per day) d<3t 
yd' the .. was little .,'jdtn<. 01 pI 

/.co,/i.withr ,,,.tioft.-The t 

",,"ed .... ight ,,'a. g~apbed. for .. 
l<:ogtb.",.ight rtg ..... ollS did not 
-' romLiroed. I" a sample 01 
p"" .. t 01 p" ... ,'ed _ight. Spao 
ttrm;nr the relation,hip bot" ... n 
pttoe,,"ed " .. ight in gram. (W) • 

loglV= - ' 

The (otllidenl 01 condition (I' 
I .. \be Sih ... Spring> fuh as &r, 
lor \be Sih'er Springs SPOIled , un 
liz< of nob (TlbI< 1) . 
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J J A SON 0 

ONTH 
.ilb ... ~.d ...... loped ",nod> i. diI .... ' 
.. ",di,·ldualo wilb ,taodord ""ill» .S 
r . !>ov<. 

) !ish betWtnl 40 and 55 millimtte .. 

I"'Slh·frcqu,,,,,i .. for the !pOtled 
d~l'nct ""p" .... tion of groups. Tho 
• lOd othtr ",·idtnoc" of br<e<lirl!! 
"'1 to tht ""pulation . Odum' oIl .. • 
unity ' !.ability in Sih'~r Sprinss- If 

r. lali\"fly .table, ;t ,. p<>o8ibie that 
''''1 and mortal;ty. 
",tion, Th. =011"'1 fuh are bArd to 
!:>ta"" the seine by <:dging inlo th< 
tht lacgest !ish ~ by swimmLnS 
sampled catch contained muim"'" 
' '''''g>. On a ..... jght basis, ho"",''', 
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ob< population i. greatest at the 10- to 104-milli""'ter.ue, "b . ... greater 
.,.ight ""r individual off .. \> the d"" ... a.ing number of irnliddual .. 

Tbe l.ngth-frequenci .. for March g;\"" "'In< ,ugg"Stion of a Jl"U. at 4) 
.. IliOl.t ..... Thi. J'W"I" ""', ... to the right for .. ,'.ral mcmhs at" mt. (0.1 
"1Ii"",t« ""r dar) SOI'nel\'bal l.rger lhan the growth rate of the eag«! 
i sh (O,! 1 milli""'ter ""r da}·) do:9cribed later. During the remainder of the 
ytM the ... "' .. litlle e>.'id<t><. of progr.ssioo or n><>dts due to growth. 

LUII • . ~,hl 'ck"""'.-The rflationmip of standard I"ngth to p.-e­
.. ryed ..... ight ""'" gtapMd fo' eath month of th. study. l'I>e ,",ulting 
length-weight rtS'''''';On!l did not yar}' mato<i&lly from month to month, 
..... combined. In a sample of 11 in<ii"idual., fresh we,·w. ight w .... 93 
~.Ilt <>f pre'lt,.""d "'eight. S~imcns from &11 months were uoed ,<> de· 
(mn;ne the relationship be'''·..,n Slanda,d length in millimel .... ( L ) and 
F""""''''ed ..... i!ht in grams (IV) .. follo,,~: 

log IV = -4.32 + 3,OOZ log L 

TI><: codlici"nt of rondition ( K ), or ... I"h·e plumpneM, was detennined 
ror tbe Sih· .. Springs fish ." defirw:d by K = IV X IO'I L'. "The K ,·a1ue 
10< til< Sil,'" Springs spoiled SUM"" .'·"raged 4.81 and varied little ... "th 
sUt 01 fish (Table I). 

T ...... l.-r...., ....... , .. ,,,_h, <1',.,ud '"><M~fr_ S~'" S,.;,-,. 
tGo..p.l , ... __ 

"- ....... (00_) -~ "- N ........ ........ - -, , ~ - "- - \< .. _) 
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,\ CQn$um( ratio was found bot", .. n . [anda,d and total lengtb. S~ 

length may boo tom..,rted \0 lOlal Iffl81h by multiplying by l.Z7 and lGUI 
length [0 standard length, b}' 0.19. 

T.uj~t ... ,/ t ' Q!rJlh;" COI"".-A total of 267 spoilt<:! ","fish we.~ mu\, 
• d with plastic 1"1, ,,,,,,, dioc tags (nickt! JMIU) Of ",iln monel·1lIf1.I1 clamp 
I ..... The fish nt.,ked ""'" ;n Ill< 20 ocr .. 01 lhe ~-mil. hoadwal .. CO<!> 
",unity. SpOtted :l<mf,sh \.\gJ;e<1 "jlh .-arious colo. combinalimu _. 01). 
8e1Wd and identifIed with ,he aid of r~. masb as Iale as a fIlOIllh allet 
marking, in lhe grn"a1 ar~ wilt ... \agg.ed. R",aplur .. lI'ilbin a • ..t 
aft •• loggin~ we .. euctly in the tagging localiti.,. lIowcva, only ODe 
'POlled ",nft'" was ,etakon mor. lhan 2 w""k. altor laggin~ This r..h. 
marktd with a "tt.,.,.", taR, was at Hbmy S5 da) .. (Tabl. l), during Ibr 
lalL The f,"" ,... ""obabiy adult when tal'.l!w ( 142 millimet . .. ) and $1>0 •• 
ed a 3·millim<m doclUOO in Olandard Irngtb. The doc .. _ of Im«!h 
may have !>ten a rcoult of injury due 10 t~;ng. low lood production ia 
the lall, or m ... uring """, Th. fl.l!1 ...,.. r""",'.red at the point 01 togginc. 

i'ourt= do) .. aha ",me i"t. nsh.., tagj:ing in tht !'J.radi!le Part ..... 01 
the ..,.-ings in late Marth ]954 Robrrt Haubrich, "-raring a face ......, 
searched 2 hours Il/llOlIg the planll but obse,ved only two tagged full 

S,waal ""pI.nation. may he uller«! for Ihe ]im11<:<1 mum. from t.aui.t, 
Since fish .... '" fl'lIdily oIN",'ffi in the lagging ...... Ihe f,T'SI few <bj'$ lft .. 
tagging. bul "'ere 11:>!Ient aft .. a few w..ts, Ind ,iDee int.",i,.., ~."h did 
not r ... -ral the miMing t"AA"<l Soh .I..-wbe ... in the S(><ing, migralion prob. 
wly <&JI be disrountt<!. We r"".iv"] 110 ... por1l of , ,,,,o,",,ry of any of OIl, 
tag< do"'nstfl' .. m in the 0\1.,,'8"" Ri....,r ""tolde th. area 01 the ..,.-ing llId 
iU run. Th;, .~~ is I~uently token by 'l"'rt fi.l\rrmtn in an . ... 
"h.". the Florida SIal' Game and Fresh Wit., 1'1$ Commisslon hu 
conductt<! a number of tagging . tudies (,.a t .... l<d in part by 501' .... 
Sj)ring<), ond the public ll lh", <due.tt<! 10 "'tum \.lg>. ~I-"'rt r,.bing io "'It 
penniu.,] in Sil" .. Springs iIMH. 

I'~,,,",n·t.gged fi,h k,1'I in ""doru.es ditd .. ithin Z wten, "he,.. 
untaggt<! fo5h ....... kept ~'ilbout monalily for longer periods (Tlbi. 2). 
Th, .. ~.h mark",1 ,.jtb Tfl<tal damp tags on tbt operde and kepi in tI8'I 
had Ihe following hi.tory: I fl<r 1 "'tet. one tag work.,] out and the bolo 
"'8' haling, one Ilg "' .. ~jng a large oo.e, and lhe Ihird Il$h bad 
unMrgone a <ke,- in length. ,\ higb mortality, posoibly ac<:t"Tltua1e<l 
by lhe lagging, may in p:," .<pIain the 10 .. rat~ of lag reIUrN. 

The growlh 01 "",tl<d SIlnft,h krpt in hardware.dotb .ndoou~ _ 
mel.S\lr..J after Z· 10 J.w .. Jr. perlod." (Table Z). One r"h ..... ",tained 10 
monlh .. 11«: end""",..,., I to J "'lua", ""'ltD in ....... , "' .. e pI"""" (r«1 

S~liU~ria l><d! chanocl<ristic 01 Ihe wrings communily in tontO "he .... 
steady current pa....r th,ough tho: cages. 11>< oi.., of lhe fl.I!1 <kereaotd 
in OM .age but growth occu" .. 1 in Z olher , more fa"orably situaled,"" 
c105ll .... 11>< a,'. rage change, iDCluded the <ker ... ,*", in length, indicat .. 
~roW\h of O,] Z millimel" per day. This figult i. probably an undM· 
~Iimal~ 10' the ' umme, ... "'" in ,'it", 01 the .nifici.1 e<>ndilions in the 
enclosures. The fig.>," i , used, 1>0,,'"'''' to inl...,...1 lhe ring p"tlml$ 01 
the seal.,., 

f'op~laUo~, vi FisM' in " S/"i"t W 
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Sc.k, and ,"Nlh ,;n, •. - Scala from the side 01 lhe Itsh "'.re pro­
joeIcd and ""''''''",monl> maJe 01 ~ro"'III rings .nd the ant~rior radius un 
1"" un ... gcnonl<d "'"in from each full. The oom;n""", br .. ding seaaon, 
... of di!linct modes IMt ~""ld point 10 aw groupo in l""gth·lrtqu,""Y 
"'ribut!ono. arul a conslant high temperalure mak. diffICult Ib~ inler. 
prtUlion 01 the nurne""" diltiDCI "growtb rings." n",. in Qr<ier 10 obtain 
.. unbi.....t anal)'Si .. ""ala wer. m."",rtd .y"emalically by on. ob!.e",'e., 
01 frr;t "';ll>oot any a1lemp! to do:l~rmine age. Only the .tfQllg ring< ",jlh 
"CIlU;ng over" w.u mtaSllred; lhe baoi. fot .. 1""lion was the arbitrary bUI 
<IIIISi"~nt judgmtnt of Ihe ... me ",*1'\'~r (1!.llirr). In thi, p<OOedUfe, 
"'e1mt numbers of rings "'.re oometimn mu.S\lr<:d on dill.",nl ""AI .. 
110m tht same fi,h , 

The aDtorior radi." (millimeters, X 21). R, plau<:d agairuu . tandard 
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I 

I 

, 
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length in millime ....... L, jonne<! a pattern of point. that could be &tl<d 
,eaoonaLly well !O a 51raiglu line· For fiili 70 10150 mi!lim"te", long (dry 
..:al .. about a year old): 

R _ -9.7 + .56 L. 

For f,sh ZO to 70 millimel'" 'I~ndard length (lush "",,1 .. ) : 

R _ .63L. 

Ring measu",men~ "" .. , c"""tMed to calculated standard I<nil'" by 
di.etl PfIJIXIuion . On • ..,t of ,->lu ... was then obtained for eoch fig, by 
"'Naging an)' I"'" val" .. lhal "-ere ";mil ... The fi"'t lwo ringo (III fi!l 
"""lie. than 70 millimeters did 001 apptar distinc!!y moogh on lI'IOOl of tbe 
large. 6...." to qualify undtr the arbitrary "ring dtlioition" that wa.'! wed 
The",fore the me"" cakulated . tandard length for ,h. fi"'t ,"" ring> 
(bkled It and B) ""ported in Figure 3 w .... obt1lined If"'" lbe ..... n r ... 
only. Til< ",,,,>Iodt. of ,h. length •• ", Ihe mean. of the "alues compul«! 
from 1M fi"t and .ubotquent ';fIg!! on Ihe I .. ge. {,"'. With ,hi. procerluY<, 
ulm rings on"""", fi!\bt, are counteracted by omi""," 01 otber faim ringo. 
Thf data of leguMion of length on rings in figtlr< 3 are thus a summary 
of <Stimat .. from the distinct rings, obtain"" objecti,·.ly. 

In ord.. to intetp«\ tbe maoiog 01 the rings, ,.,,"" id.a i. ~ed 01 
tho time I><t" .. "" ring. , although the likelih.,oo ., .mall that the timo in­
,er\"a" between rings a ... constant. Data on gro,,·,h gi"en p""'iousfy itld;. 
catt<!thal H millimeters pu yrar (OJ! millimel<rs per day) ora> a min;' 
m.aI ... imate of the """"bl. ,umme. growth ral .. of larger fISh (90 10 110 
millimeters, standard length). If growth c~ in winte<, the •• ,. would 
b< hall (l2 millimeter per y..,.r). The movement of peolto on the It;Ig\h­
I'rquencr graph (Fig. I) . ugg..u a growlh 01 30 millimeters per y<ar 
con~nM 10 the .umme .... "",n. From the in<",menlO b<,,'een rinp iD 
Figu .. 3, it is _n that 5 10 H millimct.r.! pet yra. would need to "" 
added 10. full 01 tbi, .. '" il the rings ,,-ere annuli. If thi • • tIUOlling " 
co.tKt, tM rings a.e added more lrequently than once a yca. and .'" 
not .nnuli. 

The proximity 01 1M last rill.!l to the .ale margin i. indka'M by """,tb 
in Figure 4. Rings appartotly are laid do"'Tt in "'ery month. An enrnj ... 
tion of smaU flY" 30 10 47 millimele .. long, in Janua.y, May, and "'.,.,..,. 
bor ohowt<! ree""t formot;on of lhe fi . " ring_ Thu. the lotmation of tbo 
fir.!t ring;' relalt<! more 10 the ..:'" Ihan to Ih. """"n. ~ laying """" 
of mort than 0"'" distinci riog per y<ar in centrarchids ;, "",U kIlO"", .. 
dtocrit..d by lhe phrase "101 .. annul",," (Sprugel. 1954)_ In the Silver 
Springs """tted sunfLsh fa,"" annuli may be Ihe "'k 

31.8 percent of the ""al .. of Ihi' .ped .. "'ere found to ~ n:gentnltd. 
F""d a..d ~osUn-The role 01 the "!»ll"" sunfull as ""Iii a camivor< 

. nd " hernivo,. in 5i1\·0, Springs "-a. indicated by a lew anal" ... 01 
stomach <;ontent .. Qualitat;,·.ly .. milO' wads 01 algae and smail in':.~ 
brat .. wen: lound in Ih. o.rnallesl and larg .... ~sh aJld io lhe fish "'~f"""­
from January and -"lay. The thick ~ds of SaKil/ori" are cov,,"'" "'Lth. 



a ""lt~rn of point. tbat could be fille:l 
. For fish iO 10 ISO miUillld.rs long (dry 

.Sb L. 

ndard Itngth (f~ ",al .. ): 
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~ P"ripbylon containing diatoms, f,lamtnIO~' algat, an~ d"" .. inv~rt"· 
~ populatio,," ts('"tial1y midges and <addl.Jlla Gamma",,," and !!Itnmps 
.... do>minant aoo'ut the !:woes of the plant$. The uomach con\""a t""""bl. 
lbe Ptriphyton. Apparently the plant and animal materia] is taken up to· 
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rot""" The ,t<>mach contents <>1 10 flSb we", di"ided inlo animal and p1anl 
port""" and o,·~n.d,iO<!. The "'paration was nol ptrfecl bttau$t 01 lbe 
",..JI.Ii'" of many of tM component>. for December. O.S7 gmm of plant 
.00 0.16 grom of animal rn ... rio.! w<te lound. for ~! ay. O.O~3 gtom of 
Jianl .nd 0.033 gram 01 animal material. The al!"" are apparently paosed 
tbr<>U8h undigested since the fi!.>ment"". ",at.ria1o wer. found in th. in · 
\<>'; ... as "'en as in the 'I<Ima<:h· n..:",us< the animal portio". may be 
di#<to<! mo .. readily th"" lhe plam porti"",. IMre is 110 rerlainty lh3.t 
tho ..-ads 01 filam""to", algae in the . tomach are as importan' '0 tho 
.,uition 01 the ..,otto<! ,unr",b .s ,beir presence $Ugg"'l~ The diet i, 
simil ... for tb. !Im.ilost fi,h_ Stom:t<h. from len iudi"idual. less than 63 
millin><l'" in ltanda,u length in January comain<J O.OJ I gram 01 [>laot 
material and 0_30 gram of animal ,na ter i. l 

.\ltboogh no .tuuy ,,'" made, it was no,ed Ihat al""", "very Spoiled 
.... fish optno<! for examinalion of lhe gonads wag inf."ted with Acantho­... ,. 

fI.o~'M lAItCE"ot>TH BASS 

r.Ui"! and , , ""'th._ The tagging wa. s1iglilly more ,occesoiul wi ,h 
to. F1<>ricl. larg<mouth h3. ... than with (he spo\\o<! sunr",Il _ Six b ... wore 
ttlt<Iv<r<d trom 7l indivi dua10 ,agged, (Tabl. Z). The reco. ds ,ug!!"" that 
SfO"th was more rapid during the summer than in ,be lall. Thi. diff,re"", 
.... Id indkale a ,o".lation he'_n gro ... th and I~anl prodoction and thu, 
oltimateJy wi,h the ligh,_ Krumholz" reporled seasonal growth pallem, 
tontla.o<! more with lighl Iban wilb lentptraIU..,. 

florida largemouth NM Mow.d mo.e """"ment than lhe !!pOlio<! su" ­
fIsh_ .~"'" tagged witb ,oIo..,d plAstic tagS "'re _n ? dap late, Y:i mile 
f""" the pa""" of Ii"" captur •• and one taRgo<! bass wag ... n ! mil .. 
~""~tl' .. m from the point 01 tagging (the colo, combination lo" no! di .. 
tmgu,"'od and thus tbe lim. pt.i<><l bt:t,,-rrn tagging and ob,",rvation i. 
<>01 k l\(}wn). 

~lt~-"'eighl ""'Iio~.-Altllough only 53 individual., bttWttn 18 and 
/4 . m,'h""'t .... standard length. we", "eighe<i. and m . ..... 'ed, 8Jl appro.i -
1IIil. /englh-I<eighl relationmip (p<ese""o<! weights) was obtained: 

log IV _ - 4, 5 + 2.95 log L. 

1,1oe longth __ ight re1atioMhip and codfici, nt of condition lor differ.nt 
..... of ba$S are .now" in Tabl. 3. 

n.. ""io 01 total length 10 . tandard Imgtll .. mained nearly <"lilian' 
Otl ·24 I~. fish 18 to / 4/ millim't ... long 
~""'~l.---:-Brteding acti,-i!ie! by tb. Florida !a!"8"moutb bass " ". 
....... "ed 'n SII ... , Spring!! from February ,hrnugh Au!!",!. Rip< gonad. 

found from March 10 s.pt<mbe •. Bags k:ss tllan ZS ""llime" .. in 
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1~lI8lh "-ere taken on ~by l6, 1955, May Z8, 1954, and June 15, 1~5~ 
The, ... ·id.nc~ .... ggtsts that the ~,.n;ng by Florida lar~lb bull 
Silwr Springs occu .. 1.1 the same time .. in ordinary varu.ble_t.rnpcnton 
OO"i,,,,,,,,,,,",, in Florida. McLane ( !9~8) /m:nd ~IOrida la~uth bos 
omaller than 30 m,llim<1 ... In lb. $1. JohDo R,,-n In Apn l, May, and J­
only. If opawning ...... piau at other tim .. 01 tbe yoar in norida!p!Ulcl 
it is <:mainly limilM. 

S<:41 .. a'ld {,,,,,,,/o "-"I S.- Scal .. of Florida larg<:m<>Ulh bass ..... mal' 
ed in 1M man"." al~dy d...,ribed 10' Ihe 5(>Ollcd sunlLch. The ~ 
samples oj thi:! <pet ... 10 ..... ~u .... "''''1 .... !t""'raltd. Thtre is good ~ 
<knc~. how",..,., ,hat """I of ,ho rings in ,be ba.!.s are, on lbe .,...,., 
annuli. Tbe grow'h ,ale, "..".aging O.0S3 millime'er/ ..... day (30.3 ",;n .. 
mete .. / .... ' yur) """ detemtintd lrom 1M lag recoveri .. lor fu!t III to 
124 millim<'''' LoOK. Whoo Ihi. ra,. i. COOlparffi .. ilb the increm""tl tit­
IWffn growth ring> in Figure 3 (10 '0 60 millimet .... / per year) , ~ 
able ,-al_ au foond. 

The i""gular ohapes 01 Ihe cu" ... in Figure 3 result 'rom tho ohjr<1ifO 
mann .. of , ... ding tho oca.I<s. Whm ""me of lhe 6~ ring> ..-er. not "":;h 
urcd beau"" they ....... indiotinct, the ... DUinder of the rings on tht _to Ihm included in tho mrans of the nul young .. ring. Thus the ~ 
<ion of .tandard l<ngtb on "distinct dn!!,,"' is probably slightly SlctP" 
than Ih. actual I"3t • . Whothe, ,bi, ttndet>cy '0 o'· ...... timate Ih. g,..,..-th P" 
ring i. COUIllera.ctrd by the teI><kncy 10 undereotimate lhe gro""b P" 
ring due 10 iDClusio" of 'l"'riou. rings i. no\ known. At any 1"3", tilt 
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• ]955, ~[ar t8, 1954, and June ]5, 19l5. 
• SJ?'lll'nong, by ryorida I'tgemoutb bas! ill 
oe urn ••• In o,dmarv ,'ariable-temp.ra,ul< 
.nc (1948) fo~nd FlOrida Jargtmoutb I:u 
he 51. }o,hm Rh-., In April, May. and J-
t otht. urnes 0/ the )"ar in Flori .... ~ 

01,:" (If Horicla largemouth ba ......... tm.1-
:"b<d lor the ""'Hod "'"Mh. The nit 
.3 ~'ttIl~ reg_rat.d. T"',.. i. good .. i­
l.'" rings In .he bas. are on the .,..,." 
'mg 0.083 milUmettf/ p': day (303 milJj. 
.J fro!" lhe lag ~O\'.ri .. 10' fish lit 1<1 
"'" IS compa",d with the incrtmtn" h<­
(10 10 60 mill;""".",/pe. ye3r) , <".-opu-

1'\"" in f-igure J 'fflIlt from the objt<tivt 
,..,..,,,.. of,'he fin! riogs _'0 DOC_ 
t, lb . .... awDdtr oj tbe rings on ,he IiolI 
)1 the IIeJIt YOunger ring. ThU3 the ,.guo­
Unct rings" ;. probably , lightly 0IrtPt' 

tend.,..,y to "''''t:!Iima,. tM growtll P:< 
Io~y I,! und .. ""'i .... ,. the growth p:< 
• nngs ,. not known. At any rat<, tho 

I 
/'opulations oj f'j:/.u ;~ d Spring 

tnelhOO gi'" an ooj<cti," definition of the relalionshi[, of rinS' and length , 
Tbe cu"'" in Fill"re J 10' growtb pt, annulus ( ring) lallo "'ithin the 
rPI# 01 ,'3/"", lor"""", la'8"tnOuth t.aM ",,,,,ks el .. ",h.,e ... rummariud 
by Cal'landt. (1950). The tun', indical.., however, thot the growth PO' 
ring in Sil,'" Spriogo i, leM than \h. mean 01 1>= growtb in othe. 10-
calil;" . 

Data pr ... ottd by Vi<>sca (1943, 1951) "'&#'t that mucb more rapid """w OC<:Ul' io """them wal<h in succ..,ional communiti .. wbere no 
eli""'" M "bahnce" bas been achi .... ed. In Sih'" Springs, "'here a «lath·.ly 
bigIt drg~ 01 slability apparently ha" o;<i'ltd. al I .... ' ,.;"". the modifica­
tion of lhe margin. alxrul 15 yeah ago ( Hubb, and Anen, 19H), ,10"'" 
gro"th MO .. like lhat in ,'able pond> may <xi" , Thu" a. indica .. d by 
Viooca, ",hon oondilions are mo •• nea.ly in climax the energy 11'>"" in,o 
an" .... not leading 10 net growth of bas!! , Th;s vie ... is con";' .. n, with the 
gmrraJ «<>logical idea 01 ""t prod""ti"" and accumulat;"n of O'1!.nic mat· 
tel' during !!IICc",,;on and a \>ala"". btt"'..., production and Ioof<-s during 
clirna. or "eady ",ate , Th. high primary production ollh. Sn"er Spring> 
"""munity is appa<tt,dy ""p"""ed as. high den,ity ("i, ual .. timate oll, l 
C<:tltr;udud,/per square met~. ) with mod<rnte growth poT individual. 
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.... ","0 ",", . i<k<I tbit " ooy. w • .,...." mu<b '0 til< lot. IV. C. All •• , .. bo 'n_ 
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