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Abstract 

Y1.el.d-llUtr1ent 81lPP17 corre1&tions i.Ddi.cate tbat a~i.caDt &.:nIDts of 

pboapboraa &ad T1rtual.l.7 &11 dtrogen for gEOvtb of '.('ha~·aS1a are "taJcen up 

froa the Sect1..,ts, aDd. tbat growth of ']'ba"ss1a 1a ~ l.bdtecl b7 the 

aY&1.la'bUi.t7 of dt.rogen. Cons1derat!.oDa of supp17 aDd. de .... augeat that 

the s .. u .. uts cou1.cl DOt be a ~ source of pboepboraa for ~s1a. 

Bo1feYer, i.t appeara that the ..... 1 .. nts -'7 act as a sort of 'storap lIank' 

far pbospbate taIœJl up f'roa the Bea ... ter 'b7 '!"hal.ssia. Va:d.ous ~ence, 

1D.c1.1I41Dg acet71eae recluct10n aeaa7B, 1nd1.cate that dtrogen far 'J.'bal'se1a 

1a deri.Yed. exc1usi.Tel.7 froa "2 fixati.oll b7 a.aaero'lde bacter1a 1Il the rbUo­

spbere. Eh .e&6uzeaents &Dd geueraJ. obserYat1olul 1Dd1.oate tbat a reduced. 

%GOt 1&yer 1a esaent1a1. for nor.l. cleYe1o~t of 'J.'hal·-sia, i.t 1a be1i.eYed 

tbat th1a 1a aeeoc1ated w1:th requ1reaents of Jf2-f1x1llg bacter1a, aDIl 1d. th 

srea.ter cwer&l.1 ~fi.ei.enCT of the Thalassi,a ecc'1 wmt 1I'2-f1x1llg I!I7Btea UDder 

azaaero 'Ide COD4i.t1.oDa. 



,1"',', 
,'~~" 

McGi11 University 

THE OR:IGDf OP lUftOGElf AIm PHOSPHORUS POR 

GROlfD OP THE MARDiE ANGIOSPERJI 

by 

D.G. Patriquin 

A the.i •• ubaitted to the ~acu1ty o~ Graduate Stadie. 
and Re.earch ~ partia1 ~~i11aent o~ the 

requireaent. ~or the degree o~ 
Doctor o~ P.hi10.oph~ ~ 

JIar~e Sciences 

Montrea1, Quebec 

Jane, 1911 

@ D.G. ?atnquin 1971. 



r 

~i; 

f 
~: 
~.~ 
~~:. 

~( 
~':;' 

,,'" 
R~I.: 
~~;:.: 

~; 
i~.; 
;ç,~) 

~~~ 
~;: 

~~ 
~y' 
-;':'''. 

·'l 
Zf:' 
fï: .• 

;~~ .. 
~{: 
f'. 
:{ 

?1{ 

~~ 
~~:; . 
~':. . . ~ 
~~' 
~:. 

(: 
te: 
~~: 
1;" 
;.: 
i', 
~; .. 
", 

;r 
~' 

~~~' 

~f 
~~; 
W:;:' ~ 
fi:' 
~ 

?: 
!~; 

t 
~ 
'! 
~.-

~;~ 
~; 
~}. 
~: ,> 
~~.' 

~) 
m 
~ .. . <; 

~: 
iii: 
t\, 

~. 
~.~ 
~ 
i;j' 
~-

l 

~ 

C;1 -.:.. 

lf1uIero1Ia atad1.ea baTe de .... trated h18h rates of ~ prodllCt~OD 

br the trop~ca1 -.riDe angjOflperil Thal'aaia testud1mul JœJl1g. The JlNSent 

atud7 ~ a contr1.lut~OD to origjnal 1cno1ded8e i.D 'tM.t ~t ~ an exe,'na'U.on 

'J'hal.aa1& ~ cleri.Tecl exc1ua~Yel.7 f'roa 1JiU801I8 n1't.ro8eD :t1xed br auaerob1c 

b&cter1.a 1n the rhizoapbe:re. It ba4. prerloua17 beeIl UD8WSpectecl, tbat aucb 

a pbeDcmenon ~ be i.aportaDt 1n the eco1OgT of aquat~c pl.azrta. 
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Purpose 

HaUts of prl-.r,y product~on b,y 'the trop~ca1 -.riDe augJ.osperm 

Tha' pss1& testud1nua Kën1g rank aaongs't 'tbose of the .,s't h1.gb1y produc­

't~.,e na'tur&1 coaaun1.'t~es (Ves'tlake, 1963). The ques'tion of ba.s~c concern 

1;0 ttWs s'tudy 11&8. how are hi.gb rates of producUon _âtahecl h the no'ta­

b1.y nut.r1.en't-poor (Smth, VU11a11s and Dav1.s, 1950. VU1
'
p--, 19.54. Beera, 

Steven and Lew1.s, 1968) 'tro~ca1 waters? Vood (1965) rellU'ked 'tba't 'the 

-.ri.ne augJ.ospera Zoster& "see_ 1;0 be coDf1ned 'to areas vbere 8Ul.pb1de ~ 

presen't. poss~b1y becawse of the re1ease of pbospbate brough't abou't b,y su1-

pbate recluction." Marine angt08pera8 baYe extens~ve UDdergroUDd roo't-bear1ng 

suas, and ~'t _.a 1~ca1 1;0 suppose 'tba't they bave dJ.rect access 1;0 nu-

trj,enta b the eed1 wents. Bowever the ques'tion of 1fbet.ber roota of sub-

..rged yascular plants are functioD&l. â mat.r1.en't uptaIce bas 10ng been a 

subject of conLzo'&Ls) (Scu1tborpe. 1967). The f1rs't conc1uslve experl.wen­

tal. eY1.dence of nut.r1.en't uptaIœ b.r routa of a subiergecl angt08pera 11&8 re­

portecl b 1970 for Zos1:el:a (lIcBoy aDd Bllrsda1;e. 1970). The presen't stu:l7. 

iD Barladoa. B essent1al.17 au 1.nTest..14PLt.1.on of 'three ques't1ons. (1) cIoee 

,...1'S81& obta1n s1.gn1f~can't quauU't1.ea of D~:trogen aDd pbospborus ~ 

'the .... '...,1;s. (2) 1Iba.'t 1.s 'the ori.g1D. of ntrogen aDd. pbospborus b tbe 

1 

-----_._ ........... _ ••.... - ..•. _---_.--_ .. _ .. - - . 



2 

sed1 wmts, and (3) vbat 1.s the 1Df1uence of recluc1Dg coDd1:t1ans in the sed1.­

Jl8nts on the avaUabUJ. 't7 of n1:trogen aDd. pbospborus? 

VesetatiY8 IIOXpbo1087 8Dd 

811&WII7 of 1'baJ.aas1a 

'lbe vegetative aD&w-.y of Thal.ass1a bas been 4escribed in detaU by 

To-J1D80n aDd Vargo (1966), and a good description vas given by Ph1l.l.1ps 

(1960). Root anatoay vas described b,y Tolll1nson (1969&) and 1eaf anatoay, 

b,y Sauvageau (1890). The follov1Dg 18 a br1.e:t description of the vegeta.-

Uve IIOZpbo10gy &Dd aœ.to-.y 'ba.sed on these stœU.es. Descriptions of fl.0ra1 

aorpbo10gy and anato-.y have been given b,y TOlÙ1nson (1969b), &Dl of fl.0ra1 

.,rpbo10gy, fruit deve10pll8nt and structure, seed auato-.y and gera1Dation, 

b,y Orpurt and Boral. (1964). 

TbaJ8s81a 18 a .,nocot7.Ledonous ang1osp&ra be10ng1ng to the faa1l.y' 

1f7d,rocba.r1. taceae. Easent1a11y the Thal 8ss1& plant consista of a creep1ng 

rh1.zo_, froa vh1cb a.r1.se at aore or 1ess regal,ar interYal.s, erect shoota 

bear1Dg br:oad, f1at, fo11age 1ea.ves (Fig. 1, Pl.ates I, n). lf~y on1y 

the 1eaves are obserYed aboYe the substrate. lfon-aas1Jdl.ator;r scal.e 1eaves 

occur on the rb1so.es. The erect shoota are sepazated b,y a var1.ab1.e nwaber 

of intezDoclea, usuaJ..l.y 9 to 13. To-l1n"On and Vargo (1966) interpretecl the 

erect aboota as la.teral. 1:ŒaDcbes of the .mopocUal 10ng shoot or %b1so_. 

l'ollap 18&Y8s are borne apicaD.7 on the erect shoot, novera ar1.se later­

&117, and do DOt 1n'te:aupt gz:owth of the erect shoot. Thal'S.1a produces 

DO C!O~ bads, and growth of the %b1so.es &Dd erect shoots 18 &pp&rent1.,. 

oonUDuows. To_l1nson aDd. Va:qo (1966) obeerYed, "'CoDt1mJows grovth rd the 

orpn1 .. 18 en~ dependent on act1rlty of rigorous rb1.so_ &pices. 110 

rea1dual.. .er!.ste.s are 18ft MMnd "0 u..t adYeJlUt1.ous grovth, eYeD rd 

roota, 1.s 1apoea1b1.e.· To-J1JU1OU aDd. Vargo (1966) descr1.bed the %b1so_ 

----- ----------- ._-- . -
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1d.tb dU'~e:reDt d1rectioDS ~ gœwtb procJuc'ng eDt1re~ dU'~erent k1Dds ~ 

1ea:C. The &XeII are autoDo.ous. Olle ldDd C8.1IJIOt be comrerted d1.rectl.7 in-

to AIIOtber. but cmJ.y rec1.~ b7 bnDcb1ng.- BraDch1.Dg of the l:h1.Bo_ 

(to procluce erect shoota) occura regal.&r17. but lEaDch1.Dg of the erect. shoota 

(to produce rh1.so.-). 0Dl.7 1rrega1ar~. V1.th age. the attachweut ~ the 

erect aboot to the ~ veaJrena aDl tbe erect. sboot bz! Irs of~. 

Toa11nscm and Yargo (1966) rearJœcl tbat '!'h&las81& adjuata to aD erod1ng 

IÀlbatra:tua br dovn1l&1"d growtb of tbe Ddso_. aud adjuata to s1.1t1D« _ up­

ward. growth of the rb1.soae. and b7 braDcb1Dg ~ tbe erect shoota. 

Both the rIdso.- aDd erect sboota bear zoots. These are 5 to 10 CIl 

1n 1eagth aDd are deD8e17 co.erect ldth roo~ 1Iidzs. Boots 11&7 be borDe at 

flYf1r7 DOde on the m1.so_. but tbe7 are usua11y .ost alamAent ('tbree to f1.ve) 

at the DOde be&r1Dg the erect. shoot. '!be7 &Dt bol:De 1rrega1ar~ on tbe erect 

aboot. CO·. III 7 occm:r1ng at a :f'req1l8llC7 of about ODe par f'1.~ DOCles. 

rol.1.age l.e& ..... &Dt about 1 ca in tr14tb (raIIP O.) to 1.8 ca). "!bere 

are DO sto .. ta on the 1 ......... aDd. cml.7 a tb1n cut1.cular l.&yer. T'be aeso­

pb7l.l. 1.8 bollOg8lleOWS (DO cU:Uerent1&t1.on 1nto pal1eade aDl 8poDg7 layera). 

Cb1orop1.aBts occar in both ep1d8rII&l. &DI! aesoplv1.1 cel.l.a. SlI~ &Dg1.o-

t1.sa1:Iea. How.Yer the -.r1Ile eng!osper.8 are except1.oaa1 in baring ..u. 11g­

~1.ed. ~1.lEes. ID """"81& l.eIwes 1;heee ocear iD 1~1;wI1".117 ori.ented 

baDlUes in a su1lep1.de:ra1 pM1.-t1.on. '1'be8e are bel.1.eYecl to }II!'OY1.de the 

atreastb JleIUI 'T7 to w:U;bstaud ...... act1.aIl (Scul.-tborpe. 1961). 

Aû ~lll.ecl l.emm-i;e tisl. occu ___ .... of the l..-.f ~JIb711 &Dd. 

m.dd1. oortex o~ the &boots &Dd. roots. ~ 1.8 the espollQ t1aaae e Yer7 

~c of aqa.t.1.c pl..aDta. The l.oa&ltwl'na1l7 ori.eDted l.acune- are 
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interrupted at intervaJ.sby per.f'orated transverse ctiaphragmsl these are be­

lleved ta oppose stra.1n exerted at r1gbt a.ng1es to the l.ong axis, and ta 

function in the prevention of waterl.ogging (Scul.thorpe, 1967). 'lbe l.acunae 

1mpa.rt bloyancy to the var1.ous parts of the pl.a.nt. 'lbe gases of the l.acu­

nae of severaI. submerged angiosperms have been anal.yzed and found ta contain 

H2' °2 , ~ 002 (Scul.thorpe, 1967). Stud1.es by Laing (194<)b) and Hartman 

and :Brown (1967) bave shown tbat the l.acunal. system functions as a reservoir 

for metabol.1.c gases. Because of th1s, the l.atter authors questioned the re-

llabU1ty of est1ma.t1.ng oxygen production of subnerged ang1.osperms froID 

changes in the d1.ssol.ved oxygen content of the surronnd1ng water. 

Bine to 16 para.lJ..el. veins are orlented l.engthw1.se al.ong the l.eaf. In 

the shoots and. roots, vascuJ.ar t1.ssue 1.8 conta1ned in a central. stel.e. V1.th 

the exception of the root, there are no detaUed descr1.ptions of vascul.ar 

anatomy. In general. the aquatic ang1.osperms are chara.cter1.zed. by a reduced 

vascul.ar syst.e., pa.rt1cul.arl.y w1. th respect ta the xyl.em. '!he Hydro-

cbar1. taceae as a fam1.l.y 1.8 cba.ra.cter1.zed by a compl.et.e l.ack of vessel.s 

(Cbeadl.e, 1942), and a strong t.endency tawards reduction in the tracheal. 

syst.em (Arber, 1920). '!bmJ1nson (1969&) observed that roots of 'l'baJassia 

"'bave rea.ched an extreae 1.n xyl.ea reduction because tracheids are absent 

fro. IIOSt of the root." Ana. ta.,. . of the root 1.8 further d1.scussed bel.ow 

under ·Hutr1.ent uptake by submerged angiOSperllS·. 

General. ecol.ogy of lbaJ assa and 

other .ar1ne ang1ospei:ms 

1baJassa t.estud1.nua 1.8 one of a1xn1t 40 spec1.es of pl..ants vh1ch con­

sti1:ute, in the taras of Arber (1920). tbe undemocra. tic. narrow and excl.u­

s1.ve c1.rc1e of the Mar1De Ang'osperas. A1tboush the fresh lIater aquatic 

a.ng1OSperllS exh1.b1t a great var1.ety 1.n habit and habitat, and l.t appears 

'i ~ .. 
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"that the aquat1e habit bas been acquired b.Y .any unrelated ang10speras dur-

1ng the h18tory of th1s group" (Scul.thorpe, 1961), the JBar1ne angiosperms 

are aJ.1 aonocoty1edons of the e1ose1y re1ated faa1l.1es Hydroehar1tacea.e and 

Potaaogetonacea.e. They exhibit 11tt1e var1ety in habit and ha'Mtat (Arber, 

1920), and are be11eved to be of re1at1ve1yane1ent, Tethys1an, or1g1n 

(Seteheli, 193.5). Both of the faa1l.1es to wb1ch they be10ng are typlcaJ.l.y 

aquatle, and ine1ude a nuaber of fresh 1I8.ter aeabers. The.ar1.ne angio-

sper1RS are a11 hydropbylioua and restrieted to sa1 t 1I8.ter (Scu1 thorpe, 

1961). They are pr1mar1.l.y trop1cal. and subtrop1cal. in d18tribut10n, vith 

on1y Zostera. marina extending into co1d boreal. zones (Setcheli, 1935). 

Six spee1es of lI8r1ne angiospenas oeeur in the Cari bbean J three spee1es, 

Tha.1aasia testud1nuJa, Syringodj.ua fll1forae lCutzing, and Dip1anthera wrl.gbtU 

(Ascheraon) Ascherson are couaon1y encountered. Tbalassia 18 readlly d18tin­

guished by 1ts broad, flat l.eaves and robust rh1zoae. Dip1anthera bas 

narrov (1 to 2 _), fl.at 1eaves, and Syr1ngodj.ua, terete l.eaves. The rhizomes 

of the l.atter tlfO spee1es are thinner than tbat of Tha.19ssia, and ereet shoots 

are borne at each node. These three speeles are general.l.y found in depths 

of 1eas tban 10 a, and on1y Dipl.anthera colDlOn1y oeeurs above the l.ov 1I8.ter 

l.evel. (D.R. Moore, 1963). 'l'bal.ass1a appears to be restricted to areas vbere 

the saUn1ty does not exceed 40 0/00 or go bel.Olf 20 0/00 for l.ong per10ds of 

t1ae (D.R. Moore, 1963). Syr1ngodj.ua appears to bave approx1.aatel.y the 

aeae sa11n1 ty tol.erances (Pb1l.l.1ps, 1960). DipIan'thera tol.erates 80aevbat 

l.01ler 8811n1 t1e8 (Pb1ll.1.ps, 196Q),aud 18 the .ost tol.erant of ~peraal.ine 

conditions (1IcJHl..l.an and Kosel.y, 1961). ObserYations by Ph1l..llps (1960) 

au:! D.R. Moore (1963) suggest that Diplan1:bera survives _'n1y in very 

aIIa.1.l.0lf 1I&ter and bypersal.1ne areas vidch are unfaYOrabl.e for devel.opll8nt 

~ Tb&l.9s81a and Sffin6ocHua. Syr1ngodj.ua 18 aost colDlOn1y found 
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in a1xed stauds v1:th .... l·aa.1& (au... 19.56. PbU11PS. 1960). We1ch (196S) 

obserYed 'tba:t. 1D1t1a1 co1oD1sat.1.on ot 'the euœt.ra.te b.Y' the eea grassea 

var1.es v1'th suœt.ra:te stablll:t.7. D1.pl.antbera occurs on sh1ft.1Dg saud. 

S:e:i.DttocHua. on sand ot in'terlled1a:te atab111t.1es. and 'l'bal.ass.1&. on17 on 

stab1.e eubst.ra.'tes. Thal.ass1a teDds t.o rep1ace 'the otber grasses. hovever. 

and 1;bus 1'.0 beCOII8 "the doa1.nant of the 'tera1Da1. eu'œerged co..un1. t7. .. 'nte 

s1:ud.1es of TollU.nson and VarSO (1966) 1.Dd1.ca'te that "Tbalèss1a 18 DOt vell 

S1d.ted to asexuaJ. propagat1on b.J' 1sol.ated f'ragaents." Thus sexual. reproduc­

t10n JlWSt be the pr1nc1paJ. aeans b.J' vh1ch 'l'bal.ass1a becoll8S esta.b1.1sbed 111 

areae DOt adjacent to prev1ousl.y ex1st1ng Tha1ass1a staDds. Fl.overlng of 

Thal.ss1a. but DOt of otber Ca.r1bbean -.ri.ne aug:10SperJlS. bas been coJlllOn17 

observed (Ph1.l.l.1PS. 1960). Open 1'l.ower& have been obaerved froa April. to 

Septeaber (Ph1l.llPS. 1960. Orpurt. and Bora].. 1964. To':Unson. 1969b). 'nte 

plante are d1oec1ous and usual.l7 1eas tban 10J' ot the pl.ante are obae%'Yed 

flover1Dg at 8D7 one t.1.II8 (Pbll11PS. 1960). Orpurt and BoraJ. (1964)· JlBde 

obse%'Yat.1one on fru'-.t. deve10p.ent. and eeed gera1Dat1on. Fru1:ts float. thus 

"af'tord1Dg an excellent lI8&DS of cU.spersal.." At. -.tur1. t.7 the frui. te de­

h1.sce. and ealr7os. re1eased froa the eeed coate. s1Dk. Root ba1rs deYe10p 

v1t.1d.n 3 da~ froa 'the 10ver s1.de of the eabr.Jo. anchor1ng the p1ant. to 'the 

eubstra'te. P.lwml.es -'7 beg1n t.o eaerge betore 0pen1ng c4 the tru1t.. F01-

101d.ng anchorage to the eubstra:te. a young rb1so_ eaerges. Tbe et:t'ect1ve­

neas (OYer ebort. per10da of t.be) c4 sexual. reproduct1on 111 estab1.1.sb1ng 

Tbal'ss1& in Dell areas 1.s unJaIovn. 'l'be otber tbree spec1es cd Ca.r1bbea.n 

v1.'th fiat. 0Ya1 l.eaYeS. 1'bese spec1ea are geoera.l.l.:y :t'0UDd. in deeper .. 'ter 

than tbe aboYe spec1es ('!borDe. 19.91-). 
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In genera1, the u.r1ne angiOSpeDlS are coDf1ned to areas tbat are pro-

1;ected froa vi.o1ent 1I8.ve act1.on (Set.chell, 1920), and they typ1cal.1y fora 

extens1.ve 'II88dovs' in floms, baya, and 1agooD&l. areaa behi.nd reefs and 

barr1.er beaches. The sea. grasses are of .ajor 1aportance in these area.s in 

t.bree respectsl (1) in 1IOd1.fy1ng sed1.aen1;ary processes, (2) as habitats of 

.any 1.nvertebrates and f1.sbes, and (:3) as .ajor pr1-.ry producers. G1.nsburg 

and Lowenstaa (1958) noted that sea. grasses stab1J.1.ze secH..ents by grovth 

of the1.r rb1.zoJl8S, and that the 1eaves 151011' down 1I8.ter IIOt1.on just above the 

bottoa. These coDd1. t1.ona .ay 1ead 1;0 increased sed1.JI8ntat1.on in the sea 

graes beds, and sea grass beds are coJlllOn1y observed to be e1evated above 

the surrouncUng graes-free areaa (Bernatow1.cz, 1952. Mou11n1.er and P1.card, 

1952). Onder certa1.n coDd1.tl.ona, 111er! seel sed1Blentatl.on 1.n the sea gra&S 

beds ... y 1ead to deve10paent of aal.t -.rahea (K1.ng, 19.59) or -.ngroye co..u­

mUes (Ve1ch, 1965). 'l'baJ.aas1a bound sed1.Jl8nts have been obaerYed 1;0 be 

except1.oDa11y res1.stant 1;0 hurr1.cane ~ ('Dlo.as, Moore and York, 1961. 

BaJ.l., SMml and S1;ocJœan, 1967). Tbe graes bladea the_e1ves are habitats 

for .any s-.11 1nvertebrates (X1.Icuch1., 1966. Hag1e, 1968), and for large and 

saal.l. al.gal. epi.pby1;es (Hu.a, 1964). HuJI8rous 1nvertebrates and f1.sh spein 

al.l. or parts of the1.r Uyes in sea grass beda (Petersen and Jensen, 1911. 

Petersen, 1918. Stephenson et &1.., 1931. V08S and V08S, 1955. Maclfae and 

Ka1k, 1962. Rand-", 1963. Stepbens, 1966. Kj Jmcb1 , 1966. O'Cower and. 

ilacasey, 1967. Tay10r and Lew1.s, 1910). Stud1.ea by Randa" (196:3) and 

Starck and Dav1.a (1966) bave abown tbat. the ~bbean sea grasa coamm1.t1es 

are the DOC1m:DaJ. feed1Dg ground.a of .any reef d_ll1ng f1abes. H1gb rates 

of pn...ary product1.on b.t" sea grasses baye been 1nd1.ca:tecl by the cl.aaa1cal. 

s~ of PeteraeD (1914) on Zoatera, &Del hUMtroua s1;ud1.es on """a-s1& 

(Oclua. 19.57. Oclua and Hoak1n, 1958. Oclua, Buxkbo1der and R1.yero, 19.59. Odua 
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and Wilson, 1962. Odum, 1963. Jones, ~, 1968. Z1.eman, MS, 1968). Odum 

(1957) est1.ma.ted gross oxygen product1.on of a 'lbal.ass1.a bed 1.n the Flor1.da 

Keys as 34 g 02/m2 per day, and Odua et al.. (1959) est1.ma.ted oxygen produc­

t1.on of 'lba.l.ass1.a beds 1.n Puerto R1.co as 8 to 15 g o~m2 per day. Assum1.ng, 

as 1.n WestJ.a.ke (1963), a photosynthet1.c quot1.ent of 1.20 to 1.25 and a net­

to-gross ratio of 0.45 to 0.50, these est1.mates are equ1.val.ent to net pro­

duction of approx1.ma.te1y 1 to 5 g C/m2 per day. Z1.eman (MS, 1968), by d1.-

rect measurement of the growth of 1eaves, est1.mated. product1.on of 1eaf t1.s­

sue at tvo p10ts 1.n BIsca.yne Bay, Flor1.da, as 4.5 and 6 g 1eaf tlssue/m
2 

per 

daYI these estimates are equ1.val.ent to product1.on of 1.6 and 2.1 g C/m2 per 

day, assUlldng 2~ asb content (Burkh01der, Burkh01der and R1.vero, 1959) and 

a carbon-to-organic matter rat1.o of 0.46 (from data. of Brandt and Ruben, 

1920, for Zostera). Except 1.n areas near the geographica1 11.J1a1.ts of 

Tbal.ass1.a where there may be seasona.1 fiuctu&ti.ons 1.n productIon (Ph1.111.ps, 

1960), b1.gh rates of product1.on are ma1.nta.1.ned throughout the year. Accord-

1JJg to OdUla (1959) and West1ake (1963), production rates of 'lba1ass1.a ra.nk 

amongst those of the JDOst h1.gh1y productive natura.1 colllJllUXÛtles. WestJ.ake's 

(1963) SUJIJIB.ry of pr1.ma.ry production data. of various natura.1 and agrlcu1tur-

al. SystellS i.s g1.ven 1.n 'D1.b1.e l. '!hese va1ues are "the organ1.c productiv1.-

tles 1;ba1; are 11.Iœ1y to be obta.1ned fro. v1.gorous co..un1. t1.es under cond1.­

tions cl.ose to the bes1; a1;ta.1.na.b1.e v1.th1.n the 11a1.ts set by natural. veather 

and. econoncs." Fev of the a n1 • l s 11.rlng 1.n, or feed1.ng 1.n, sea grass beds 

f'eed d1.rect1y on the sea grasses (Randa1l, 1965. nkuch.1, 1966). Even of 

those tbat do f'eed on sea. grasses, there appear to be no stud1.es -.de of' the 

eX'ten1; 1:.0 vb1.cb they u1;1J.j.ze cellu1ose, the .a1.n conati tuent of' the sea. 

graases. BurIcho1der e1; al.. (1959) detera1:ned the proxt.ate coaposlt1.on of 

Tbale e s1.a 1eaves and. the a..ounts of d1:f'feren1; ea1.no ac1ds, and stud1.ed. the 
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grovth of -.r1ne ba.cter1a on 1eaf extracts. They obserYed tbat the IIOSt 

a'brndant aa1no aci.ds are those best used by co..,n -.r1ne lacter1a, but 

cons1.dered tbat the rel.at:1ve1y 10w content of tryptopban -.. y represent a 

weak nutr1.t:1ve e1eaent :ln the 4Hrect use of 'lbal.ess1a prote:1ne by f:1sh 11.f'e 

:ln 'b:op:1cal. 1I&ters.- Both Burkho1der et a1. (1959) and nImch1. (1966) vere 

of the op:1n1on tbat 1.nvertebrates and f:1shes feed.1ng on Bea grasses Jl&Y be 

ut:11:1z:1ng the attached a:1croorgan1SJIS rather tban the grass :1teel.f. De­

tr1.tal. food cha:1ns are prolabl.y a Jll&jor 11.nk between pr:1JI&ry product:1on of 

h:1gher 'b:oph:1c 1eve1s (Venche1, 1970). 

Ki. trof5!!l. pbosphorus and. the redox 

potent1a1. of sedbMmte 

:In :1n:1 t1.a1. cons1.derat:1ons of the quest:1on of the or:1g1n of ni. trogen 

and. phoapborus for grovth of 1'bal.a8s1a, :1t 11&8 thought that the sedi.Jaente 

II1.8bt contain rel.at:1ve1y l.arge a.ounts of these nutr1.ente der:1ved fro. 

(1) decoapos:1t:1on of organ:1c Jl&tter depos:1ted :ln the ee"'meuts, (2) nutr:1-

ente ta.lœn up by b1ochea:1cal. or phyei.cal.-cbea:1cal. procesPes at the sed:1aent 

surface, and (3) pr:1.ar,y 8OU%C88, such as phospborus-conta:1n:1ng a1neral.s (of 

terrl.genous or1.g:1n or prec:1p:1tated f'roa Bea 1I&ter). Rel.at:1ve1y lltt1.e at-

1:ent:1on bas been g:1ven to the nutr:1ent content of -.r1ne sec" mente and. the 

processes 1.n..-o1Yed. :ln excbange of nutr:1ente betveen the secH meuts and. sea 

.. 'ter. However, stud:1es on the sed'wents of estuar:1es (Moore, 1930, 1931. 

Stepbensen, 1949. Bo~ord, 1951. Carr1.tt and. GoodgaJ, 1954. J:1tts, 1959. 

PoaeroT, Sa:1th and. Grant, 1965), of laJœs (f'or exa.pl.e Mort:1aer, 1941-1942. 

Ba.~ aDd. Pblll.:1ps, 1958. Barter, 1968), of' sba.ll.ov -.r1ne laya (Oppenbe:1aer 

and. Ward, 1963), aDd of aar1De b&s:1ns (JH.ll.er, 1952. B:1t1:enberg, Ewery 

and. arr, 1955) baYe 1DdJ.ce;t;ed rel.a.t:1Ye1y l.a.rge quant:1t:1es of ni.'b:ogen and. 

pbospborus ln the sect' mente der1.ved f'roa the aboYe went:1oDed 8OU%C88. A 
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recent study (Howard et al.." 1.970) bas :1nd:icated sign:1f:icant rates of N 
2 

fixation in l..ake sectiments. N2-fixing bacteri.a have been :isolated t'rom 

marine sediments, but the:ir s:igni.;ficance in the n:itrogen cyc1.e is 

unknown (Wood, 1.<)65). 

Two of the most important parameters determining the forma and avail.-

abi1ities of n:itrogen and phosphorUS' in soUs and sediments are the pH and 

Eh. In water1.ogged solls and stabil.ized sediments of aquatic systems" the 

l.atter is part:icul.a.l"~Y subject to change l'rom the noxm of the biosphere 

because of the reduced ava:il.abil.ity of o:xygen. Prob1.ems of measuring and 

:interpret:ing Eh in natural. environments have been discussed bY' PearsaJ.J. 

(1.938)" PearsaJ.J. and l'..ortimer (1.939), ZoBell (1.946a), l!hIer,y and Rittenberg 

(1.952), Baas Becking, Kaplan and Moore (1.960) and Garre1s and Christ (1.965). 

The reactions :responsib1.e for observfl!d redox potential.s in natural. environ-

ments are not well understood, but they seem to invol.ve both :reversib1.e and 

irreversib1.e sy-stems" and onl.y' those sY'stems 'Wh:ich react rapidl.Y'. Thus Eh 

:readings of natura1 sY'stems do not represent equi1ibrium cond.:itions in the 

sense required by oxidation-reduction theor,y. Never the 1ess, Eh HeasUl'-

mente are useful. as empir:ical. parameters of IVltural. env:ironnents and cal.-

cul.ations using observed Eh va1ues and oxidation-reduction theor,r are use-

f'ul. as qua1itative or sem:1quantitative information. Because of the unpre-

dictAb1e manner in ldJ.ich Eh varies with pH in comnl.ex systems, it is usuaJ. 

to express the pH at ltbich Eh read:ings are llII"de. Seme workers, however, 

adjust the Eh val.ues to a coumon pH by- using an Eh/pH .factor ot' -58 to -60 DIV 

per pHi unit. Studies on \œ.ter1.ogged so11.s and l.ake muds (Pearsa1l., 1938: 

Pearsal.1 and Mortimer, 1939) rice pa.dd,y soil.s (Aomine, 1962) and ezperimen­

tal. soU systems (Patrick, 1961) indicate that an Bh5 (Eh at. pH 5) of at>­

proximately 350 J:rI7 is critical. for the existence of nitrate. Above this 
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Y&1ue. Idtra:te accmwn'a1;ea. 1IbUe be10w 1;b1s Y&1ue. ex1.at1Dg m:tra:te d.i.s­

appe&rS 1;brough dem:tr1f1.cati.oD (recluct1.on 1;0 ga"IIOUS D1.t.rogen COapoaDda). 

aDd. UIIIOD1.1DI 1.8 11010 D1. tr1f1.ed. S7Bte.s in 1Ib1.ch both ox1di.B1Dg &D4 %'8-

duc~ coaU:t1.oDs ex1.st are 'beUeYed tG be .ost auscept1.b1.e 1;0 1088 t4 D1.­

tzogen 'tIu:ougb deD1.~1.cat1.on (AoIl1ne. 1962). Be1ow.S )20 to :350 .... 

01:ber producta of rec1uctJ.oIl inc1ud.1Dg -.uganous 'Mllgan.... ~erroua 1J:on 

a:a4 S1I11'148 al.ao appe&r. &Dd tIma po'teDt1&l.a be10v AD BhS t4 :320 ." are 

cona1.clerecl as -~~ect1. .... 1.y reduc1Dg- &JIll po'teDt1Ala AboYe :350 .... as "'pre-

4oa1naDtl.7 ox14i.s1Dg- (~. 19:38). Pears&l.1 &1ld. IIorts..er (19:39) ob­

sarYed t.b&t %'81&t1. .... 1.y 10w 0XJ'88D CODCeDtrat1.ona (in the reg1.on of ac sat­

arat1.OIl) are ~1.c1.ent tG -.1Dta.1n pN4oa1DaDtl.7 ox1d.1s1Dg CODd1.tl.ona. 

Ox7sen 1.8 'bel.1..encl to contro1 the Sb of oxid1s1ng enriroDII8Dta. bat the %'8-

act1.ona 1.nY01yed are IlOt tm4erstooc1. aDd -Var1at1.on in the .,1ecu1&r OX788D 

coatent of ... 'ter appe&r8 to baye DO cU.rect ~1I8Ilce on the e1ect1:'oc1e po1:eD­

t1al.. except at "nIr7 10v oxygeD tena1.ona- (Baas BecJd.ng et &1 •• 1960). 

A11:bousb a Dluiber t4 reactl.ona a1gbt determne the Eh t4 recluc1.Jl« 8IIY1ron­

..ma. Rh Y&1ues t4 1_ tb1m -50 1;0 -100 ... in eataar1De UId -.r1.ne secl1.­

.eIl'ta appe&r 1;0 be deterJdDed l.arge1.7 b7 the presence of y produced b7 

~ate-J:eCluo1.ng b&c'ter1.& (Baas Bec1d.JIs &Dl Wood. 19S5. 'Berner. 1962). '!be 

act1.rtUea of otbsr b&cter1.a aDCl œd4.:~0IJl states t4 1.DorgaD1.c coapocm4a %'8-

nect ratbsr than cle'terJdDe 'tbe redox po'tent1al. in th_ CODdi.t1.oDs (Baas 

l'ecIr1nK aDd Wood. 19S5. Baas J'ecHnK et &1 •• 1960). Por -.r1.ne &Dd. 88't1ar­

iDe .,"..,ta &Dd. ~ate recluctl.oD. cal.tures of Eh 1_ tbul aboat -50 tG 

-100 .... 'Berner (1962) ~oaDd that ~ al =eaenta t-M'ecl to ~aJ.l. &1ong 

&9-'- sO + B:+ + 2 r- aq. 
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S~14e 111 .arlDe eed1...,ts 18 beU.eYe4 1;0 be cler1. .... 1&rge17 b:oa ~aw 

red.actiml ra:ther 'tbaD ~. orsam.c sul.f'ur co.poaDda (Iaplaa, Baery aud 

IH.'t.teD'berg, 1963). Pro. stud'es o~ eDrl.cImeJl't. ca1'tuzea aa!. :l'1.e14 olBena­

't.1.oDa, Baas BecJc::1Dg aDd Wood. (1955) reporte4 growth ~ Desal.:torl1r1.o at 

reclox poteDt1a1a as Jd3h as ~ +110 J1Y. Pos1;gaw (1959), OD the other haDd., 

cla1eed tbat :l'ar rap1.d. growth iD pzre ca1tures, au 1n1.'t.1a1 Rb ~ -200 JIY 

(pli 11;0 1.5) 18 requ1red. Wood (1963) ~, '7oa1;gaw's preriouB work 

on the ~g1.c growth ~ aero'blc aDd. anaero'blc cont·.,.,."ts augests tbat 

the aPi*LeDt cl1.screpaDcy- between tbese resul.ts --7 be due 1;0 the recluc1.Dg 

CODIl1.t1.aDa 1.8 ~'teD attr1.'bIlted 1;0 ac't1.rl:t1.es ~ sul:tate-reduc1.Dg bacter1&. 

BerDer (19'66) attrl.1:ated low pli ~ aaaero1d.c ..... ,aerrts 111 J"l.or1.da »&7 COD-

t-a1 n 1n s -scattered. gmaa reaa1Ds- 1;0 productl.on ~ y aDd 002 b.r lJUl1'ate 

reduceJ:s. He eathated that part1.&l. p:r:esaures ~ 002 ... 1IP 1;0 300 tbes 

1:be 'ftl.ae ~ar the 0Yer~ .. -ter, aDd h1P pa:rt1.&l. PEe_ces ~ y were 

M parUcal.az' iDterest 1;0 the PEssent lI'tuIl7 _ the re-.rk ~ Wood 

(1965). 1ased on the work f4 Wood (1953). Baas Beck1n g aDd 11004 (1955) aud 

Baas B-ck1ng aDd Ilac187 (1956). that '"Zostez& __ 'tG be coDf'1.Decl 1;0 ~ 

1Ibere sal.]IIdda S.a pr:uen't. posa1.b1.7 becauae ~ the rel. .... f4 }Iboapba .. t;e 

lEoaPt abo1rt b.r SIIl.pbate recbIct1.on. - Wood. (1953) ahowed t.bat the aea 

gr ce. Zoetm. &DIt Pos'''on1. excrew zedllc1ng 81l1staDCIS ~. their le&TeS, 

1.Dc1.1IIUDs a lI1I1:tar coapowacl &Id a co.poWid. 1d.th a D1.~ 1ase. Baas 

Bec"1ng aa4 Wood (1955) aoted t.ba't. a JJ1IIIber ~ otber est 1De pl.urta 1.D-

cl·"ns 1:be &1.pe tJ11ra. Bld;cGiWZ ••• !!!:!!. aud h1p!."""". had beeD ~OIIDII. 

'tG .x.c:z:ete r-tac1n g II1lllstan~ (~oa1.ua sal.ts &DIt tbe1r 4er1..au ... 81ICh 

.. ~ aa11'14e). ~ coapo ,,- s't1WlJ1 aw the a.ct.1.rl:t7 ~ ~ate 
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re4ucers 'b.r 10wer1Dg the redox potenUa1. Eaas Beclr1n S 8D4 11004 (19SS) 

obserYecl. "Sea &SaDd COYerred. 1d.tb a 1&,... f4 tbeae orsans.a- 1d.1.1 show 

81Il.pbate-reduC't1.cm 1d.1:h1n 12 bouras at %'00. teaperatu:re. It 1a no wo!l4er 

'tbeIl that 1:IO'tb Zoe1:eJ:a &Dd Enteroacn: pb!. aze conataDt coapud,ona of the 

81Il.pbate reducers.- Baas BecJdDg aDd. 1facJr&7 (1956) o~ecl that treat­

aent of 8WSpeD81ona of :terric JÂApbate. or of cal.~UIl ortbopboa}lba:te 

&DIl 1roD ox1des. in sea water 1d. tb fIi3 resu1 ta in &Il alIIoat 1DstaDtaDeows 

1'81. .... of JIboapbate. pNcipl:tat1on of :terrows aul.:t1de. aDd. increaae in 

ac141 t7. Dle7 bel.1evecl that the concentration of 1norg&D1c Jbospbate 1D 

eatuar1ne waters 1a c1ose],y related to the B2fJ conteJrt o:t the water. It 

aboul.d be noted that a 8~icaDt proport1.cm f4 :terric 1ron --7 ex1at in 

:teL10&18 :tOril at reclox potent1a1s 1181.1. aboYe tboee requ1.red. :tor sul.f'ate 

red.ucti.on. aud tIms au11'ate recbact10n per se 8boul.d DOt be requ1recl :tor 

rel. ... of th»fslbate :tro. :terric pboapate. Ho....r. 1D 80_ 8~te_. 8111-

:t14e :tro. au11'ate zed.nct1on 1a bel.1eYecl to lie the agent reduc1ng t'err1.c 1ron 

(Go1ter.aD. 1967). Al.so precipitation o:t f'errous 1ron _ l'eS ~1'ect1Yel.7 . 

JiLefenta d11'f'ua1on of 1roD to oy;1d1 secl semee 1Ibere 1t lI18bt &8&1n precip-

1t&te pboapl&w _ :terZ1c }Iboapbate. '!he ~U8Ilce of reclox potent1al. on 

the so1ub1l.1t7 of 1ron pboapba1;ea in 1aIœa .... recogn1"" b7 1Iorts..&r 

{1941-1942}. aD4 1:be pbeDo .... 01' 1Dcr1 -ea. aY&1l.abU1't7 of' 1.ron ~1;ea 

1IDIler reduciD« CODd.1tiona 111 rice Jadd7 801la 1a .. 11 kDo1m (Black. 1968). 

Proclact1oll of 1d.c&rboD&te b.r sal.:tate-red.uc1Dg bacteri& 1& aDOther .actwn 1 -. 

b.r 1dd.ch tbeae 1:acter1.& --7 ~1l8DC8 tbe paoapbate CGJlC6Dtrat1on of -.riDe 

the COD,l:'8IiLLat1.oD of e&l.c1ua 1AXl 111 ao1uU.oa in accordaDce 1d.tb equ1l.1br1ua 

iD the react10D 

~(8) + ~ ~ ea* + 2RCO; 
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aDd. tInIa al.l.ow a h' ttJ-r concentrat1on f4 pboapbate iD so1utlon iD equ1l.1-

brl_ vith solld. llbaSe cal.c1_ pboapbatea (Jra.plaD and R1tteDberg. 1963). 

8eYeral. etudies baYe abo1lD tbat the cal.c1ua ion concentzat1oll 18 depuaaed 

under recluciD« coDd1tlona iD -.riDe aec"wenta (BerDer. 1966, P.rea1e7 and 

Jra.plaD. 1968, Brooks. P.rea1e7 aDd Jfap1au. 1968). Brooks et &1.. (1968) 

~0UDd a b1gb degree o~ corre1at1on (r = -0.94) 'betveen caJ.c11D1 and pboa­

pbate iD iDterat1t1al. waters f4 80_ -.riDe aec"wmta, concentrat1ons f4 

pboapbatea as h1gb as 260 pg-at/1 were o'baerYed. 'Stud.1es b)- B1tteDberg 

et &1.. (1955) a.180 1Dd1cated b1gb concentraUoa t:4o. 1Dteratit1a1 water pbos­

pbate or a4sorbed phosphate 1D -.riDe ~ UDder re4uciD« CODd1t1oDa. 

lfutrient. upta!œ br aulwezpd an:? ospe!'!! 

exteDa1.e UDdergroUDd root-bear1Dg a'tells. '1'buIJ 1t. a88118d 1os1cal. t.o sup­

polle tbat. 1:bese plaDta WOUl.d ""e d1rect acceaa t.o matr1enta 1D the sed1-

.. ta. R01IeYer ~ queat.1on ~ wbet.ber &Il7 suœ.xgecl 1QdroJ1b7te 'taba up 

a1pU1cant. q1l&Dtit.1ea o~ lUltr1enta ~ro. the aec"eenta bas 10ng beeD a 

aubject. ~ contro.eza)' (reneRd b)- Ar'ber. 1920. Scul:tborpe. 1961). Obser­

yat.loaa ~ recluct.ion 1D the Y&SCUl.ar syatea o~ ~pb)'tea. t.ogetber vith 

the d ..... trat.1oD f4 re1at.1.e17 :h'ee .,.--.t. o'f 10na 'bet.ween water and 

1 ..... and t.be coata:a41ctor.J'aDd. equlYOC&l. resul.ta f4 pb)'a101og1cal. exper-

t.eDta 4_1pecl t.o 4 ..... trate absozpL1on o'f DUtrl.enta b)- the roota and a 

nov ~ 1I&t.er iD the YaaCU1ar Uaaue. l.ed .aD7 IIO%_Z6 t.o conc11111e tbat. zooota 

o~ su'l8ilazp4 b;r4ropb;Jtee serre ·'"'7 ~or aacbozage. Tow]1""OJI (1969&) 

obserYed tbat. X71- 16 allseat. ~. 1IOSt. f4 t.be 'f'bal"s1& root.. Bo...-r 

he &180 0_= .. 4 t.be ex:1a'teIlce ~ ... CODt
'
meoqs pathwa7 ~ t.be ~ace f4 

t.be root t.o the atel... 1azp17 Y1& ce11a w11:b conapiCD0U8 nuc1e1. dense C7-

~. and. exteIla1 .. pit Cl n, .:t.1oDa-. he ... pE'Oapted t.o ~. ~ 
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possibd1it1' that this is the pathva1' for the se1ective absorption of ions 

or even 1arge mo1ecul.es bas to be considered." Both Arber (1920) and 

Scul.thorpe (1967) favored the point of view t.bat roots 11&1' be iaportant 

as organs of absorption. The 1atter author vas pa.rticul.ar11' 1.Jlpressed 

with the presence of a well deve10ped endoderm1s in aquatic pl.ants. 

Scul.tborpe (1967) reaarked. "The frequent presence and fine deve10paent of 

the eDdoderais in aquatic roots in aU manner of habitats cont.rast strong11' 

wi th the treDd tovards structural. reduction in the ste1e and cannot be cHs-

Jdssed as .ere ancest.ra1 featUX'es. In view of the prolabJ.e 1.Jlportance of 

the eDdodera1s in regu1ating 1ateral. aovement of vater and ions in terres­

tr1a1 roots. i t 1.s d1.ff1.cul. t 1;0 reconclle the prolll1nence of the eDdoderais 

in aquatic roots v1:th the notion tbat absorption and transport do not occur." 

Vi th respect 1;0 the question of whether a sustained fiov of vater 

occurs in subaerged pl.ants. Scul.thorpe (1967) reaarked. -.rIte onl.1' conc1usion 

that can be safe11' drawn from the conf1ict1ng exper1.aenta1 data is t.bat 

vh1l.st a transpiration current of the type occurr1ng in aer1a1 organs 

c1ear11' cannat ex1st in sulaerged p1ants. a transient fiow of water and dis­

so1ved sal.ts a1ght occur. IIIOtivated either by exudation pressure in the root 

or shoot or by a gas-fiov gene%&ted dur1ng periods of active pbotaspttbesis." 

Odua (1967) noted tbat the sedÜlent a.round roots of TbaJpss1a "1.8 s'trange1y 

dry vben broupt ta the surface. suggest1ng soae vater-ua1ng ro1e by the 

p1ant roots." A ser1.ows objection ta postul.at1ng a MaS t.raDaport of wat.er 

'througb pl.ants such as Tha" pss1a 1.15 the 1ack of structure.. at 1east in in-

tact young 1e&1EeS. t;brough vh1ch vat.er coul.d pass out ~ the pl.ant 

(Scul.tborpe. 1967). For bal.opb.ytes. 1J»se quest1.ons are coap11.cat.ed further 

by the question of vbat bappens ta the d1.sso1ved sal.t.s. Scbolander et &1.. 

(1962) fOUDd tbat the xy1ea sap of aany aangroves bas a sal.t content c10se 
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to tbat of :f'resh va:ter. Fra. exper1llents coDduc'ted w1.'th a va.r1.ety of hal.­

opbytes, inc1ud1ng the aar1ne ang1osper. EDbal.us acoroides, Schol.ander 

(1968) conc1uded, "xyl.ea sap fO%'ll&tlon b,y roots in -.ngroves and otber 

hal.opbytes 1mro1.ves essent1al.l.y an u1tra.:f'llt.ration of the sea water coab1n-

ed w1. th an lon transport." 

Scul.thorpe (1967) saw pa.rt.1cul.ar proaise in the techniques of Frank 

and JIodsson (1964). They dev1sed a aethod of part1tloning a container such 

that the Jl8dJ.ua surroUJXUng roots and rh1zoaes coul.d be separated froJa that 

surrounding the l.eaves, &Dd vere ab1.e to show uptake at the roots and soma 

acropetal. t.ransl.ocatlon of a 14C 1abelled herbicide b,y Potamogeton 

pect1Datus. The technique was appl.1ed b,y !feRoy and Barsda.te (1970) to a 

s'tudy of pbospba.te uptake b,y Zostera using 32p. '1bese vorkers observed 

that 32p vas taJœn up b.Y the roots of Zostera, and thus prov1ded the first 

d..1rect evidence of nutr1ent uptake b.Y roots of a submerged angiosperme MeRoy 

and :Ba.rsdate (1970) observed that phosphate vas taken up b.Y both roots and 

l.eaves, 11&8 rap1dl.y transl.oca'ted, and that uptaJce vas greatest in the l.1gbt. 

Soas of the phosphate taken up b,y the roots vas excreted. by the l.eaves, and 

soae of the phosphate taJœn up b.Y the l.eaves vas excreted by the roots. 

Fiel.d studies confl.rII8d. tbat pbospba.te 1s taJcen up b,y roots of Zosteraln 

sltu. Studi.es ut1U.z1ng 32p b.Y Dr. Paul. BmShol..der of the Departaent of 

Har1ne Sclences, Universlty' of Puerto Mco, (persona1 coJlJlWlj,catlon, 1970) 

1ndJ.cate tbat 'J'haless1a 1s al.so ab1.e to take up phosphate by both roots &Dd 

l.eaves. Parker (1966) observed tbat rad1.oisotopes of the trace _tal.s cobal.t, 

_nganese, iron, and zinc 1Iere rap1dl.7 taJcen up b,y l.eav8s of ',["hale-s1a (or 

lu ep1~) in sltu. SocH.ua-22, bowaver, vas DOt taken up br l.eaves. 

Vben th1a worlt _ 1.n1t1a;ted in 1968, It _ unlCDovn wbetber roots of 

-.riDe &Dg1osperas are funct.1oDBl. in nutrJ.ent uptake. '!'bus to ansver the 
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question, 'does Tha.l.ass1a obtain s1gn1f~cant. quant~t~es of n1.trogen and • 

phospborus froa the sed.Uaenta?', 1. t vas of fUDdaaental. hportance w deter­

~e vbether roota of Thal.ass1a are ab1.e w take up nutrienta. In1.t1.al.l.y, 

an exper1aental. 1.nvestigat1.on of -th1.s quest~on vas cons1.dered. It vas 

reasoned that 1.f' 1. t coul.d be deJIOnstrat.ed that ThaJ.ass1a roots are funct~on-

al. in nutr~ent uptake, then preSUllpt~ve evidence of uptake of s1.gn1.f'1.cant 

quant~t~es of nutr1.ents voul.d be prov1.ded by de.anstrat1ng the ex1.stence 

of relat1.ve1y large quant1.t1.es of nut.r1.entB in the sedhenta. A d1.f'ferent 

approach vas adopt.ed followi.ng recogn1.t1.on that aa.rked d1.f'ferences in gronh 

rate of Thalass1a 1eaves occarred betveen Thal.ass1a st.aDds at the saae depth, 

1.n the same waœr mass, and superf'~c1.al.l.y at 1east, under the same secU.men­

"tary cond~ t.1.ons (n th respect w sed:1aent grain s1.ze, m1.nera1ogy, and organ­

~c matt.er). These d1.f'ferences vere suggest.ed by pronounced d1.f'ferences in 

1eaf 1ength betveen adjacent s'tands. Large d1.f'ferences occurred in on1y a 

fev areas, but 'these suggest.ed "tha.t the 1esser va.r1at~ons in 1eaf' 1ength be­

tveen var~ous s'taDds a1ght be assoc1at.ed nth d1.f'ferent growth rates and not 

n'th var1at~on in wave &et.ion, ep~pbytaa, or v1.t.h noraa1 genet1.c var1at~on 

of the plant. Measureaent.8 of grovth rates by Z~ell&l1's (MS, 1968) t8cbn.1que 

of st.ap11ng 1eaves conf1rJled "tha.t cHfferences in 1eaf' 1ength ref1ected d1.f'­

f'erences iD grovth raœ, and proY1.ded eapirlcaJ.. rel.at1.onsMpe for est1.aat1.ng 

1ea.f' sta tat~cs. These 

s'tud1.es are descr1.bed in AppeDd1.x A of' tha thesa. D1.f'ferences 1.n groW'th 

rate of 'l'ba'ass1a llDder ~ora coœ1.tions of 'tur~ty and sea water nutn-

enta SUggeSt.ed "tha.t one and 

"tha.t d1.f'f'erences iD the grovth raœ of 'l'ha'a--1a vere due w d1.f'f'erences 1.n 

the supp1y of the nutr1.ent or nut.r1ent.s in the secu-ent. Invest1.ga.t1.on of 

nutri.ent uptaJœ br Thalaasia tbus f'ollova, iD part, class1.caJ. app11.cat1.ons 
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of L~eb1g's 'Law of the !Un1Jawa' to agr~cu1tural. prob1.ems (see Russell, 

19.50); ~ t ~s assumed tba t 1.f there exists a corre1a t~on between yield of 

Tbal.assia and some measure of m trogen or phosphorus m the sed1.Jllents, 

then th1.s :1nd1ca.tes t.ba.t the nu~ent n'th wlüch yield ~s corre1ated. ~s 

obtamed f'roa the sed
'

wents (via the roots), and ~s l~t~. 
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XI. 

'1'be !!!!pl'"! a~tee 

Unl.eu spec~led o'therw1ae, resu1't8 are basecl OD aaap1ea 8IId obaerYa­

tto .. f'ro. 'J'hal'ss1a becla at. Ba'th OD the ~ coast, ad S't. Lawrence &Dd 

O~t1D Ba,. OD 'the 801I'th coas't, of Barbadoa. Locat1cm f4 each s'taud (B = 

Ba'th, S - St. La1lr8llCe, 0 = "'tin Ba,.), approx1aa1:e depth f4 the s1:aDd. be-

10_ ~ 10 ___ 'ter, and the substrate t7}Mt are pYeD 1D 'the 'taUea f4 re-

aul't8. Subat.rates are claaa1:t~ed !n'to 5 t7PeB1 cobbl.e :rza.eworlt (CF), a1x­

ed coblil. ad saud (cs), pz:"edoa1Dazltl7 aan4 (ps), Pontes rubbl.e nata (w), 

&IId aD 1D~te 't7Pe be't_een 'the CF and CS 't7}Mt8, deaipated ces. De­

ac:r1.pU.ona f4 'the Y&r1oua subatra1:e t7}Mt8, and genera1 ch&zac'ter1a'tlca f4 the 

Bets...t1cm of 1ea:t' +.1aaue product1oD 

At eacb lftaDd ~or 1Ib1.ch 1ea:t' t1aaue pzvd1lCtioD ... to be eatl .. :ted, a 

. __ • f4 1 ...... _ eut at 81Il18trate 1eYel t'ro. a )/t6 .2 area, ad 'the ~01-

l.ow1Dg a'tat~t.1ca 'tabnl (t) L10' the "«rage 1easth f4 'the loageat 10 

1 ... .." (2) _, the &YU'&ge 1..t width, ea't1aa'ted 1'ro. a 81Iba&apl.e f4 )0 or 

.ore 18&".., aDIl () 'the 1ftt't -18ht f4 'the -.pl.e. 'l'be wet -1Pt. 1Dc11decl 

ware sepL'E&ted aDd. 'the 1M't -18Irt detera1Ded. ~or each. Pro4uctioD of 1eaf' 

u...a. (~'-1a oal7) par aq-.re ...ter, ad pro4IIC't1oD o~ 1eat' 't1.asue par 

aboot ware ..-t1aa'ted br 1188 f4 eapir1ca1. relat101!ab1ps (Append1.x A) bet-.a 
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of 1eaves ~ a stand. 

PJIl = 0.0037 sc 

Is = 0.0735 L10 - 0.322 

vhere Pm j.s the production per m2 (g dry wt 1ea.f tissue/m2 per day), SC is 

the stand' ng crop of 'lbal.ass1.a 1eaves and epiphytes (g wet wt/m2 ), Is is the 

average growth ra te of the 1eaves expressed ~ teras of the total. 1engtb of 

1ea.f t1.ssue produced per shoot (cm/day), and L10 is ~ cm. Ps ' the pro­

duction of 1eaf tissue par shoot (mg/shoot per day) vas estimated as. 

where w j.s ~ ca and c j.s the dry we1gbt of epiphyte-free 1ea.f tj.ssue 

(1Ig/cm2). c varies with the average width of the 1eaves and is given by. 

c = 3.38 + 1.43 w 

Ps and p. estimates are be1ieved to be accurate ldth1.n 11Ja1ts of approxi­

aate1y ±1%. A rough estiJaate of the nuaber of shoots per JIl2 may be obta~-

ed by div1.dJ.ng p. by Ps. !.tO va1ues are reported for ea.ch stand. It shou1d 

be noteci that var1.ations in Ps of the Barbados stands were detera1ned aa1.nl.y 

by variations ~ the growth ra'te (rate of e1ongation) of the 1eaves, rather 

1:ban by va.ri.&tion in the 1eaf w1dth. Dry we1gbt of 1eaf tissue --y be con­

verted to organic -.tter br asswdng an ash con1:ent of 20.1% (average of 9 

aaap1.es :t'ro. Bar1:ados, range 19.7 to 22.0, ana1yzed by Mr. George L111y of 

-the 'Be1l81ra Research Institute. persoD&l. COJUIUD.ica.tion, 1970). and to organ­

ie carbon b7 asswdng a carbon-to-organic .. t'ter ratio of 0.46 (f'roa data. 

g1V8n br Brandt and Ruban, 1920. for Zos'tel:a). 
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Sampl.ing and. anaJ.ysis of pl.an-t t.1.ssues 

Leaves and rhizomes fro. 13 stands 1œre anal.yzed for n1.1;rogen and 

pbosphorus for the purpose of es-tillat.1.ng requ1remen-ts of Tba1assia for 

n1.t.rogen and phosphorus, and -to detera1.ne if' there vere &Dy correlations 

be-tveen yi.e1d and -tissue nu'tr1en-t l.eve1s. 

F1.e1d samp11.ng vas done under cond1. -t1.ons of max1.mm l.1gh-t 1.n-tensi-ty, 

-tha-t 1.s be-tveen 1000 and 1400 br vhen 10v -t1.de occurred 1.n th1.s 1.nterval. 

( turb1d1. -ty vas 10ves-t a -t 10v t1.de), and on1y on days of 11. -tUe or no c10ud 

caver. Re1at1.ve growth ra-tes of: the staDis cou1d be es-t1.Jaa.ted 1.n the f1.e1d 

by vlsual. coapa.r1.son of the JII8X1awa 1ea.f 1engths of the stands, and s-ta.nds 

vere se1ec-ted such 'tba.-t a w1de range of growth ra-tes vou1d be represen-ted. 

A-t each stand 1ea.ves vere cu-t a-t substra.-te 1eve1 froa a 3/16 .2 area for es-

~t.1.on of Ps and p. as descr1.bed above. For -t1.ssue anal.yses, samp1es of 

1eaves, sboo-ts and rhizomes vere rMIOVed froa -the subst.ra te 1.n as near1y 1.n­

-tac-t coDd1.-tlon as poss1.b1.e. Ep1.phy-te-f'ree, green (l.e. fro. above the sed1.­

.en-t surface) port1.ons of l.eaves vere cu-t off and p1aced on absorbent paper 

-to reaove excess wa-ter. One port1.on of th1.s ma-ter1a1 vas re-ta1.ned for dry-

1.ng. A second port.1.on 11&8 pu-t 1.n a 200 JIl. po1yethy1ene bot-t1e conta.1n1.ng 

100 al. frozen d1.st1.11ed va.-ter and subsequent1y frozen untU anal.ys1.s. Rh1.-

zoaes vere str1.pped of roo-ts and s1pllar1y t.Teated. 

Saapl.es of 1eaves and rh1.zoaes dr1.ed at 700C vere ~ for to-ta.1 

n1.trogen &Di -total. phospborus. To-ta.1 n1.1;rogen vas detera1ned by a staDdaTd 

sea1.a1.cro-Kjel.dahl. aethod (Br8llDer, 1965&) us1.ng a -Qu1.ckt'1.t- steaa d1.s-tU-

l.a-tlon apparatus instead of: the Hosk1ns apparatus. Saapl.es for the de-ter­

IliDat.1.on of: -tota.1. pbospborus vere coaba.sted a-t ~C -to couvert organ1c 

pbospborus to 1Dorgan1.c fora, and 1:be pbospba-te vas extracted nth bot HC1 

and lI8B8Ur8d by an absorpt1oaetr1.c 'tecbn1.que (01sen and Dean, 1965). 
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Dup1j.cate anal.yses va.rl.ed br 1ess than SC. 

Each bott1e contai.rdng a saap1e of frozen 1eaves ar rMzomes vas veigh-

ed ta obtain the vet ve1ght of the saap1e br d1.f'ference frolll the predeter-

a1ned ve1ght of the bott1e and contained vater. The samp1e vas thaved, mac­

erated (in the vater from the container) and flltered. The extract vas an­

a1yzed ft?r phosphate, nitrate, nitr1.te and. a.JIUIOniua br absorptiometric tech­

niques described br Str1.ckl.aDd and Parsons (1965). App1ica.b11ity of these 

techn1.ques ta p1ant extracts vas cbecIœd br a d d 1ng 1 pg-at/1 amounts of the 

nutrj.ents ta p1ant extracts on vb1ch the 'blanks' (equival.ent ta 1 JI8-at/1 

ar 1ess) had been detera1ned, and detendn1ng the recovery of the added nu­

trients. A recovery of 8" vas consldered acceptab1.e. This method of deter­

Jdnation of &JIJIOnium-N (o:d.da.tion of aaaonium ta nitrite by a1Iœ.11ne hypo­

cb1ari te and determ1nation of ni tri te) deteraines a1so sOllle of the ni trogen 

present in aa1no acids. To estilllate vba.t fraction of the nitrogen 50 deter­

mined ar1g1nated fro. aa1no ac1ds, a concentrated extract vas steaa dj.s­

t111ed over magnesiWl oxide, a tecbn1que vb1ch does not re1ease aJ.kaJ.i-

1ab11e orgalÜc nitrogen (BreJUler, 196,5b). A d1.rect .etbod vb1ch does not 

determ1ne aa1no &Cid-Il (So10rzau0, 1969) vas unapp1ica.b1.e ta these extracts. 

S!.!p'1ng and anal;rsis of interstit1a1 waters 

and secJ1 aents 

:rnterstit1a1 vater saap1es vere 'taken t'rom approxilllate1y the a1dd1e of 

the root 1ayer of 16 stauds. The root 1ayer inc1udes tbat part of the secH­

.ent proflle occup1ed br root-bea.r1ng tissues (shoots and rM.zoaes). At 

each of 6 stands, a series of interstit1a1 vater saap1es fro. the secU.ent 

surface ta the botta. of, ar be1ov, the root 1ayer vas taken. Sed1aent 

saap1es vere taken fro. ae1ected stauds. Leaves vere reaoved fro. a 3/16 .2 

area far est1aation of Pa and p.. Saa~ vas dODe under cond1.tions of 
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_71 ... l.i.sht. 

7Dterst!:ttal. 1I&ter saap1es vere talœD wi:tb & 20 111. "B-D Luer-Lok-

87rlftge ~1tted n:th a 16 gauge 4 1ncb cannul a • The end o~ the camml.a waa 

pl.uged, and 8 ...u. bo1_ dri.1l.ed ld:th1n one cents...ter o~ the t1p as de­

acri.becl b.r JobJuson (1961). J'or saapl._ ~roa sball.ow depths 1n tbe secl1JMmt, 

the ~ ... 1naertecl yert1cal.1.7 1nto the seds.-nt to the d_1red depth. 

J'or deeper saapl._, a bo1e .as dug w1.th a s-'e1, about 8 ca ~ 8"".-.10 

veze c1eared a1l&)"~. the s14_ o~ the bo1e at the desi.red saapl.1Dg 1 .. e1 

b.r baud, aD! the s7rlD8e .as i.Dserted bor1sontal.l.)" to 1ts aaxi.aml exteDt 

(11.5 ca). J'or -.ch saapl.e a total. ~ 200 111. .as taJam, Mde up o~ tell 

20 111. .... pl.es spaoecl at 1_10 8 ca apart borisontal.l.)". Tr1a1s n'th the 

syriDge 8&Ilpl.er 1n &Il artU'1c1al. sed'aent-aea 1I&ter 87'S'tea 1.n41cated tbat 

negl.1gS.bl.e &IIOUJlts o~ se& water 1f01Il.d be 1;a.ken 111 n'th the 1nterst1.t1.a1 11&­

'ter. A cyl.i.D4er waa ~U1ecl dth s.u.ent aDIl ..... 1I&ter, socHua fiuoresce1l1 

dy .... pat 1I1to the sup&ZDataDt aea water, aDIl ~ saapl._ vere w1.th­

dza1lD ~a 2.5 and 11.5 ca d.pth 111 th. 8 ... ' .... 10. The ratio ~ the concen­

tratl.on o~ ~ 1n the teet saapl.. to 'the conceDtrat1.oD 1n the 1lUpe2!D&t.aftt 

.. ter, deteza1Decl b.r abeozptl.oaetr.r, ... 0.025 ~or tbe 2.5 ca ... pl.e, aD4 

0.0009 ~or the 11.5 ca aaapl. •• 

Pr1.or to aaa1.7'S1a, each 1nterat1t1a1 1I&ter aaapl. .... ceat~ to 

X6IIO'. tbe 8Ml.l. &801lIl10 f4 s""wen:t taJam 1n dth the 1I1terat1.t1.a1 1I&ter. 

'!he eaapl.e ... -tbeD ac1dUl.e4 to JIll :3 n th dUute BCl. aD4 a1.r labbl.ecl 1:brotaP 

~or 5 to 10 lI1matea to re80'. ~1.4.e. pli ... ~jua'tecl. Saap1._ ~or chl.o­

r1a1:t)" detexa1DaÜGll .... ntbdra1lJl pr1.or to ~1cat1.oD. 1I1tra'te, n1:trl'te 

aDIl pboepbate .... ...aured br the aetboù ~ Str1ck'''''' aDIl Parsons (196.5). 
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by the aethod desc:r1.bed by S~ck1.and and Parsons (1965) wh1.ch measures 

some of the a.udno acid-R al.so, other saapl.es vere anal.yzed by the metbod 

of S01ô'rzano (1969) wh1.ch 1.8 reported ta measure on1yamaoIÜ.WIl-N. Coapar-

1.son of the tvo methods on interst1t1al. waters of tdgh and 10v quant1t1es 

of ammolÜ.ua (+am1.no acid)-N ~cated 11tt1e or no l.abUe am1no acid-N in 

these interst1t1a1 waters. 'nle method used for 8.JIIJIlOlÜ.ua 1.8 1nd1cated in the 

resu1.ta. App1.1cab111ty of these JIlethods ta interst1t1al. waters vas checked 

as for pl.ant extracts. Ch1or1rü.ty vas determ1ned by the Mohr t1trat10n 

(:Barnes, 1959) using ord1nary burettes (resul.ta reproduc1bl.e v1thin 

± 0.05 0/00). 
Sed1JDent saap1es vere taken in short 1.engths of 1t inch O.D. cellul.ose 

acetate coring tubing, except in the ces substrate at 01.8tin Bay in vhich 

1t vas necessary ta use a 1 ca d1aaeter tube because of the c10se pack1.ng 

of coarse Jl8.ter1a1.. The coring tube vas 1nserted hor1zontal.1y into the sed-

1aent at the desired saapl.1ng 1.eve1. after d1.gging a ho1.e. The ends vere 

capped w1 th Ph1eger core caps or rubber stoppera, and the cores frosen untU 

Trial. extractions of sad 1menta w1 th sea wa ter shoved tba t nu~enta 

vere present in auch 1arger quant1t1es tban coul.d be accounted for by the 

nutrient concentrat1ons in the interst1tial. waters. Host of the 8.JIJIOlÜ.wa 

aud IÜ.trate coul.d be extracted by Ja1x1ng sea water and secU..ent in a 7.511 

ratio (vo1.uae of sea. water-to-wet vt of sed'went) for one hour. 90.' of the 

aewm1ua extracted in 7 succesa1ve one bour extractions vas reaoved in the 

f1rat extra.ct, aud no IÜ.trate vas detected after the first extract. Reelue-

1Dg .~ xi ng t1JIe.. or use of d.1st1lled water instead of sea water, resu1 ted 

in 10ver ~.1.d.s of a..an.1.ua. Ho rU. tri. te Il or on1y traces Il vas detected in 

'tbeae extra.cta. Onl.y a saall. quanti ty of phosphate was rellOYed fro. the 
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a"'_llta br one aea ... ter extract1.on, aDd. 81.gn.1:f'1.cant quant1.t1.es vere re­

.:wed .,.,en in 'the 28tb succesa1... ext.ract. or one sallpl.e. Exb:act&b1.e or 

ea 'Y&1.lab1.e· n1.trate azul &IIIIOD1.ua vere 'thws eet1.Jlated as the n1.trate &Dd 

&IIIIOD1.ua tbat are extracted 1:I!r lI1y1nS sea. water aDd. secu.."t in a 1 • .5.1 

Yo11m8-1:o-vet wt rat1.o ~or one!lour. Extract.s vere spot checked for n1.­

tr1.te. All extract1.ons vere done w1.tb nutrlent-f'ree sea __ ter (collected 

~zoa surt'ace __ ter at about 10 b o~~abore froa Barbados). ExtraC'ted sed-

1.JIent ~_ vere dr1.ed at l000C 1:0 detera1.ne 1;be dr7 ve1gbt &IId. approx1.-

... te in'terst1.t1al. vater content. 

Or8aD1.c carbon aDd. BC1 so1ub1.e pboaplate vere detera1ned on sedbaent 

~_ dr1.ed at 70 1:0 eooC. Organ1.c carbon -.. _t1aated by the V&l.k1e7-

Bl.ack aetbod as descr1.becl 'b7 All1.son (196.5). J'or the deterld.Dat1.0D ~ HC1 

IIOhab1.e }Iboapbate, aaapl._ vere tzea'ted d'th )QC concentrated HC1 &Dl 'the 

d1.sso1Yed pboapbate -.. aeasurecl by an absorpt1.o..tr1.c tecbn1.que (Ol.sen &Dl 

Deaza, 196.5). Dup11.cat.e d.etera1D&t1.ons ftr1.ed br 1_ tbaD ,.. 

S'tud1.es on tbese cbaracter1.st1.cs vere undertaJcen as part o~ pre11.a1n­

arr .-tud.1.es or 'fbal·ss1.a. bad sea'wenta pr1.or 1:0 1n1.t1.a.tl.on or the nutrlent 

S_U __ t -..p1es 1I8re 1;aJam froa a ftr1.et.7 or CODd.1.tl.ons w1.tb respect. 

1;0 non. AD4 ~auaa &Dl aen.tl.on or the sec" __ t. Saapl._ ~or pR-Eh cleter­

a1Dat.1.ons vere 1;aJam in li inch c:or1D« tubes in 1Ib1.ch S8Yeza1 bo1es bac! beea 

PI. llea1r1"s 'tape _ zeso,ed froa 'tbe 1101_ in tbe coriD« tubee aD4 the 

appropr1.a.'te el.ecLzocles 1Daertecl. ~OZ'lIIImce ~ plat1Dua e1ecLzocles -.. 
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tested bT check1ng 1:be potent1aJ. d.1:f~erence betveen uaed aDd. unused e1ec­

~. aad bT ~erence 1;0 ZoBell's (1911-6&) f~c-ferro~ so1ut1.on, 

1;be .1ectrocles vere _bed 1.n clllute cbroJd.c ac1.d and cathod1.cal.17 c1eaned 

1Iben DeCIII-ery. Saap1es o~ 10v Eh sboved an 1.n1.t1aJ. rap1.d dr1.f't nega­

t1.ye17. and tben a gradual. decr! se 1.n the rate o~ change. Eh readings were 

taIreD vbeD the dr1.:f't _ 1eaa thaD 1 1;0 2 aY par a1.nute, 1Ih1.ch -.a general.l.7 

1S to 30 Jd.nutes a:f'ter 1.nsert1on of the e1ectrodes. lI'egat1.Ye dr1.ft o~ tb1.a 

sort 1.s typi,ca1 o~ -.r1ne 8"" wmts o~ 10v Eh (ZoBell, 1946&). pH genera1l.y 

cbaDged 1_ tban 0.1 pH un1. t a:f''ter 1nsert.ion o~ the e1ectrode, but 1.n 80_ 
""wmts o~ 10w pB, a rap1d dr1.:f't 1;0 b1.gbër pH occuzzed. :In1.t1a1 pH 1.8 

:z.pox Led. Vhen posai bl.e. eeYe:za.l. :zoeed1 "ga ~ pH and !Ch vere taken f:zoa ea.ch 

co:ze _p1e. Because of da.ap 1;0 elBctrodea 1.n these coarae, hi ghl7 coa­

pacted eec!'wmts, pH~ 0been'at1.ons vere necessar1.l.7 11.a1.ted 1.n IlUIIber. 

J'or the 8&118 re&aoIl, it _ not al.vaJ'B posaibl.e 1;0 obta1n pH aeasure_nte 

~or &1.1 saap1ea ~or 1Ih1.ch ~wmte t4 Eh vere obta1.ned. HoweYer, the 

pH raDp ~ tbeae secl1.aente _ IlOt great, 8Dd the !Ch aeaaure.ents &1one 

are COIl81d.ered :zel.1.abl.e 1.Dd.1.cato:za of 1Ibether a ""aent ... strongl.7 or 

SuIpl. .. ~or lIacter1al. C01IIlt.s vere taJœn 1.n lt 1.nch coring tubes 1Ih1.ch 

b&d beea .. -hed n'th deterBent. Saapl.es we:ze hel4 at _b1.ent teapera.tu:ze, 

1IId.cb ... c10ae te the teaperature t4 1:be 8e& ... ter (about ~C), unt1.1 sul>-

eequeat t.re&t.eDt. The _71 ... t1..e bet~ 1:alr1 ng o~ th. saapl.es and sul>-

8eqaeat treat...at ... 2i bours. 10 g wet wt were :z ...... ed ~roa the Jd.ddl.e 

t4 eacb core aaapl.e, ~e:z:zed. te & 9S al. -. vater clllu1;lon blaDk COD-

1:a'n1ng glaaa bea4s, and aechaD1.cal.17 sbaDn ~or ~1.Ye a1mrtes. A clllutloft 

~ 'tb:roaP 10-8 ... prep&red and ~eLII vere .-de te cal.tu:ze ..ua. 
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casein bydrol.ysa.te and 1~ aga.r in a basal. .ed1.um prepared by' boUing 500 g 

secU.Jaent in 1000 ml. sea. water followed by' paper flltration. Burkhol.der et 

al.. (1959) reported good. growth of ba.cteria from Tha.l.assia. beds in a medi.um 

of th1s composition (vi thout aga.r). Media desc:r1 bed. by' ZoBell and Mori ta 

(1959) were used for estimation of tbe 'm1.n1.mwa nUllbers' (one tube per d1.­

l.ution) of aerobes, anaerobes, nitrate reducers, sulfate reducera and nitri­

fiera. To ensure strictl.y anaero bic cond1. tions, the medium for anaero bes, 

wh1.ch vas d1.spensed bot into 15 ml. screv-cap tubes, was covered by' 2 ca 

ainera.l. oU (al.so d1.spensed bot). A red.uc1.ng agent (0.1 g ascorbic acid/ 

1000 ml. medium) was al.so added.. Nitrate reducers vere detected by' the ap­

pearance of nitrite in the anaerobic cul.tures, sul.fate reducers by' the forma­

tion of ferrous sul.:f'ide in cul.tures for sul.fate reducers, and nitrifiera by' 

the appearance of nitrite in a lled1.um of sea water enricbed vith 0.1% aJUIO-

mua phosphate, d1.ba.sic. pH of the med1.ua for nitrifiers vas adjusted to 

8.2, and gra1.ns of carbonate beach sand (in add1. tion to the reagent grade 

CaCOJ specified for the aecl1.ua) vere pl.aced in the culture tubes. llitr1-

fy1.ng lacter1.a vere not detected in 8 out of 18 saapl.es. The cul.tures vere 

kept for up to tvo JDOntbs, and vere cbecked. for presence of nitrate al.so. 

For one of the saapl.es, aJ.ternative media. vith l.over concentrations of 

a--oniua (JO, 300 ag (lfHt,.)~4fl.) vere al.so inocul.ated, but vithout posi­

tive resul.ta. Cul.tures of anaerobes and nitrifiera in vh1.cb nitrite vas de-

tected vere kept for l.on.ger periods and exa.1 ned for d1.sappearance of the 

nitrite. Dr. E.J.F. Wood. of 'the Institute of Marine and Ataospheric Sciences. 

University of K1aa.1, suggested (personal. colUlUJl1.cation, 1968) tbat aed1.a for 

the deterJdna.tion of sul.:f'ate reducers 1Ih1.cb contain peptone, as does the 

JIed1.ua of ZoBel.l. and Kor1 ta (1959), .al" g1ve erroneousl.y b1gb resul. ta 

i:!!rou8h spl..1.tt1.ng off of suL.~1. groups fro. aa1no acids. Sul.:f'ate 
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reducers vere cu1 tured subsequent 1:0 th1.s suggest1.on us!.ng a med1.um of sea 

vater, ammon1.um ch1or1.de 0.1%, potass1.wa d1.hydrogen phosphate O.O~, ca.l.­

C1.UlIl l.actate O.J.3', ascorb1.c ac1.d 0.01% and magnes1.UlIl sul.:fate 0.1%, d1.s-

pensed 1.n screv-cap tubes confa1n1ng, at Dr. Wood~ suggest1.on, small. a-

lROunts of stee1 voo1. 

RESULTS ABD DISaJSSION 

N1. trogen and phosphorus 1.n p1ant t1.ssues 

Resul.ts of determ1.nat1.ons of 1:0ta.1 n1.trogen and phosphorus and vater 

so1ubl.~ ammon1.um (-fam:1no ac1.d)-N and phosphate 1.n 1eaves and rh1.zomes, and 

est1.mates of productl.on are g1.ven 1.n Tab1.e II. On1y four samp1es of 1eaves 

and rh1.zomes vere exam1ned for vater so1ubl.e n1.trate and n1.tr1.te. In two 

of the 1eaf extracts and-:tvo of the rh1.zome extracts, no ni. trate vas detec-

ted (sens1.tlv1.tyr 0.025, 0.01 pg-at NOJ-N/g vet wt 1eaves, rh1.zomes), and 1.n 

the others onl.y very small. ~ts vere present (under O.OJ pg-at NOJ-N/g 

1eaves and under 0.05 pg-at NOJ-N/g rh1.zomes). No n1.tr1.te vas detected in 

any of these four saapl.es (sens1.t1.v1.tya 0.005, 0.002 pg-at N02-N/g vet wt 

1eaves, rh1.zol18s). 

Nutr1.ent cba:racter1.st1.cs vere 1;ested for corre1at1.on v1.th the produc­

t1.on eat1..aa:tea, Ps and p." by lI8anS of Spea.raa.n 's rank correl.a.t1.on coeff1.­

ente S1.gn1.f'1.cant correl.at1.ons (p < 0.05) vere found betveen P s and rh1.zome 

vater so1ub1.e aa.on1.ua (+aa.1.no ac1.d)-N (rs = 0.96, P < 0.001), Ps and rh1.zo_ 

vater so1ub1.e pbosphate (rs = 0.76, P< 0.01), and p. and rb1.zoae vater 801-

ubl.e aaaon1.ua (~ ac1.d)-Il (rs = 0.80, P< 0.01). Pa 1.& pl.otted 29'ns t 

rb1.zoae vater 801ub1.e aaaon1.ua {~ ac1d)-lf 1.n F1.g. 2 and aga.1.nst. rb1.zoae 

vater 801ub1.e pbosphate 1.n F1.g. 3. 1'bese corre1at1.ons suggest. that s1.gn.1f'-

1.ca.nt proport1.ons of "the n1."trogen and pbospborus 1.n "the 1eaves are der1.ved 

~. 
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Table II. N and P in leaves and rhizomes. 

"AD 1.00"10. '10 p. '. 'IO'AL ... P, _ of .., '" SOLUBLI " aM P, ,,--VI vt~ '" 
IUIlftAft 
DlPftI (., ( .. , (l1li*,,_ p" ., (1/.1 pt • .,) LW 1 LW P liait" Iblt P L-.t • Ltat P lIblI Il liait P 

Aool 0.001-1., "'.0 18.1 7.6 '.05 0.108 o." 0.050 Il.8 ,.~ ".1 1.'" 

&.1 a-ar.o." ,a.6 17.5 5.0 1." 0.216 17.0 2.,8 "'.0 1e1, 

'" wr.o." ,8.0 16., ".8 2.28 0.121 l.oIt 0.115 18.7 ".50 .,.6 1.87 

AooIt a.cr.o." .,.1 ,.It ".8 1.65 0.20, 1.oIt 0.1" 15.' '.18 15.7 1.88 

A005 1-08-0.' ~ ... ,.0 6.7 2.21 0.1'" 0.'1 0.081 15.5 '.10 20., 1.'" VJ .... 
,,' ..... 0.5 Il.6 7.0 ".5 1.6, 0.1'0 0.66 0.0" 16., 1." 10.1 2.l8 

A007 O-PI-O.7 22.' 6.1 5.' 17." '.22 2'.1 1.11 

A-8 1-.... 0.8 10.8 6.0 2.6 . 16.0 '."0 16., 1.'0 

A-,. ... s.o." 18.7 5.0 1.2 2.1' 0.1)1 0.66 o.~ 20.4 2.,.. 1".' 1.'1 

AooIo- S.'SeO.7 18.6 5.0 1.7 12.0 1+.07 12.1 1.26 

&.11 l-Os.o.1+ 17.0 4.1 2.0 2.11+ 0.2a, 1.51+ 0.228 21.2 ,.6, U.7 1.'1 

"11 "OS.O." 11+.6 2." 1., 2'.5 5.'5 14.7 1.28 

Aool' "".0.2 11.1 1.1 1.5 2.)8 0.0,' o.~ O.~ 22.1 2.S, 8.7 1.1' 

tMl ... daad ot bluda aM ~11llO41\11 (51', n,o 1 Vtt w\ §Jrlncodl\ll /.2 at A-" A-IO). 
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from the rhizoaes, and ul. t1.ma.te1y, from the s~ts. For one saap1.e 1. t 

was est1.ma.ted that 9OJ' of the rhizome water s01ub1e aJDOni.wa (+amino acid)-N 

was der1.ved t'rom a.m1.no acids. It bas been demonstrated 1.n certa1.n terres-

tr1.a1 pl.ants that am1.no ac1.d synthes1.s occurs 1.n the roots and tha.t ni.trog-

enous mater1.a1s are trans10cated to the 1eaves ma1.nl.y as a.m1.no ac1ds and 

am1.des (Swanson, 1959; Kursanov, 1961, 1963). It appears that s1ml1ar proc-

esses occur 1.n Thal.assia. 

Requ1.rements of a p1.ant for n1.trogen and phosphorus JJfS.y be est1.mated 

by determ1.n1.ng the concentra t1.ons of ni. trogen and phospborus 1.n dead but UD­

decomposed t1.ssue, and mul.t1.p1y1.ng these by the product1.on of the p1.ant. Be­

cause of the presence of cal.ca.reous ep1.phytes on 01d parts of Thal.assia 

1eaves, and 1reakage and. 1.n1. t1.a t1.on of decoJllpos1. t1.on of the l.eaf t1.ssue &8-

soc1.ated nth the ep1.phytes (Append1.x A), 1.t lBS DOt poss1.b1.e to determ1.ne 

ni.trogen and phosphorus concentrat1.ons 1.n senescent l.eaf ~1.ssue. Requ1.re-

ments for lÜtrogen and phospborus est1.mated by us1.ng the concentrat1.ons of 

ni. trogen and pbosphorus 1.n young l.eaf t1.ssue .a.y be h1.gh beca.use of the pos­

s1.b1l.1.ty (B1.ddul.ph, 19.59) of rellOb1.11.zatl.on of n1.trogen and. phosphorus 1.n 

scenescent t1.ssue. The follov1.ng data g1.ven b.Y Jensen (1915) on the n1.trogen 

content of Zostera l.ea.ves suggest tha t a _x' .,. of 7fYK, of the ni. trogen 1.n 

young l.eaves .a.y be reutl.l.1.zed 1 

L1.v1.ng l.ea.ves, a1.l. green 

Ma1.nl.y llv1.ng, soae t1.ps lro1lJl 2.05 

Ma1.nl.y d.ead, soae green l.eaves 1.10 

Leaves dark lro1lJl, but st1.l.l. 0.88 
l.argel.y vbol.e 

'l'be average of the val.ues far total. ni. trogen content of the TbaJ..ass1.a 

1eaves (Table II) la 2.3' H. Esu.ates of the n1.trogen requ1.red far grovth 
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of Tbal.assia 1eaves are thus given by mul. t1.p1y1.ng 1eaf t1.8sue product1.on 

by 2.3% N (ma.xbnul est1.mate) and by 0.3 x 2.% N (m1.n1.mwa est1.mate). Ex­

per1.ments utU:1z~ 32p ld.:th terrestr1a1 pl.a.nts (B1.dduJ.ph, 1959) and Zostera 

(HeRoy and Barsdate, 1970), show that a l.arge proport1.on of the total. phos­

phorus JllJJ.y be h1.ghl.y ma b1l.e, and thus wouJ.d not be readlly 10st w1. th dea th 

of 1eaf t1.8sue. As a rough est1.ma te, the non-JIlO b1l.e phosphorus fra.ct1.on in 

Tha.1assia 1eaves 1.s assumed to equal. the difference between the water so1u-

bl.e phosphate and the total. phosphorus. The water so1ubl.e phosphate vaJ.ues 

of the 1eaves lIere recaJ..cul.ated on a dry lIe1.ght ba.s1.8 (dry lIt/lIet lit, aver­

age of 5 saap1esl 0.19) and subtracted from the total. pbosphorus val.ues for 

the nine samp1es in wh1.ch bath fract1.ons lIere determ1.ned. 'lbe est1.mated non­

aob1l.e fract1.on var1.es betlleen 39 and 7~ of the to'tal. phosphorus w1.th a mean 

of~. '!'he average of the total. phosphorus vaJ.ues 1.8 0.16%, and the aver­

age non-mobile phosphorus 1.8 thus est1.JllJJ.ted as 0.1% of the dry lIe1.ght. Es­

t:1mates of the phosphorus required for growth of 'lbaJ.assia 1eaves are g1.ven 

b;y mu1t1.p1y1.ng product1.on by 0.1~ P (JII8Jd.mœ est1.Jlate), and by 0.3 x 0.1$ P 

(a1.n1.JInuI est1.llla te, assUlldng 70% reJDO b111 ?!.3. t1.on, as a bove) • 

Interst!. t1.a1 water nutr1.ents 

Mœoni.UIl, n1.tra.te and phosphate concent.ratl.ons in 1.nterst1.tia1 vater 

froa appron.ate1y the a1.ddl.e af the root 1ayers, and est1.Jlates of Ps and 

p. of 16 staDda are g1.ven in Tab1e III. There are no s1.gn1.f1.cant corre1&­

t1.ons betveen Ps or p. and interst1.t1.al. vater nutr1.ents. 

Ps 1.s p1.otted ap1.nst interst1.t1.a1 8.IUIOn1.UIl in F1.g. 4. 'Ille four points 

dea1gna.ted b;y ·X· in th1.s figure lIere tro. stands (B-5, B-6, B-7. B-8 of 

Tabl.e III) 1.n wb1.ch the root 1ayer exteDded vert1.caJ..1y for 1IOX'9 tban 40 ca. 

Except for the root 1ayer of stand B-15. wh1.ch lIaS 2# ca in vert1.ca1 extent, 

the root 1ayers of all. otber stauds vere 1ess tban 15 ca in vert1.ca1 extent • 

. __ ._-------------,---_._ ..... 
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Table III. Mid root layer interstitial water nutrient 

concentrations. 

LOCAUOII LlO p. p. DIURSTInAL VARa IRmlIDI!'S 
SUBSrIl.&D ,- ~l!l 
J)a>ftI C.) C-) ClllClaoot per dq) Ca/a2 per dq) ",.. ..... ~-p 

B-1 CAo-1) O-CCS-1., 116.0 18.2 7.6 0.28 18.7 0.90 

B-2 O-CCS-1., ".1 15'" ,., 0.60 17G 0.90 

B-' s-er-o." ~.O 1,.8 5.' 0.66 17.2 0.98 

.... a-cr-o." "'.1 1,.6 ,.6 15.7 1.00 

B-5* II-PS-O." 30.' 10.0 1.1 2.60 '.7 0.61 

11-6 S-PS-O." 26.8 8.5 C7.2)- 6.0 1.30 2.0· 0.27 

8-7- 8-PS-O.5 1IJ.5 7.' '.1 0·29 • 0.8 0.30 

B-8 a-cs-o." 23.5 8.0 5.0 0.25 ,.8 0.1'1 

.., S-PS-O., 22.8 6., '.1 o.,.. 7.0 0.'2 

8-10 ~1.0 20.7 5.6 ".5 0.15 6.6 0.5i' 

8-11 (Ao-I0>- S-PS-O.7 18.6 5.0 1.' 0.35 ,., 1.011 

8-12 B-CS-O.5 16.2 ,., 1.8 oJt5 5.5· 0.88 

8-1' 8-PS-O.6 lit., 3.6 1.8 0.60 ,., 0.51 

8-1" (Ao-12) a.cs-o." 1".6 2.11 1.' 10.' 0.75 

8-15 8-1'5-1.1 12.8 2.8 2.1 0.,& '.0 o." 
8-16 8-19-0.2 12.5 2.0 2.0 o.&, 8.6 0.85 

.~~ .. ,' _ '(1"') • .u.r. 'r ..u-l ~ ~ ... "-- C1~). 

-s. App-M'z A. •• 154 • 

etIIzeII .... • r ftel ........ ~ ('''' Ita" 1190. vn ~ ~~a2 d 8-5.11-', .. 11). 
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Certa.1Dl.7 a a1ap1.e relation bet1l'8en Pa &DI! tbe Jdd root la;rer iDter­

atit1a1 allWOD'ua ccmcentrat10n 18 DOt erl.dent in tb1a f'~. Bo1feYer, 

'the relati'YelT lov concentrat1cma of &IIIIOni_ in the 'apread out' root 

la,.era coaparecl to the otber ataDds auggeat that Pa a1gbt be proport.ioD&1 

to the total. a...m1ua in the root layer ratber t.haD the concentration per 

se. 'l'be re1&t1'Y81T h1gb concentrations of 8aIIOni.ua in the root 1&J8%'8 of' 

the ataDda of the tbree 10veat Pa 'Y&l.uea, on the other band, augeat tbat 

1~ grovtb of' tbeae atands ... DOt l.1a1ted by the s1lPP17 of umoniua. For 

'the re-,n'ng atauds tbere appeara to be & a1Japl.e re1&tion between Pa and 

the Jd.d root 1&;rer interat1t1a1. water &IIIIOJl1ua concentration. 

Vertical. ~ilea of' nut.r1entB obt&1ned. :rro. aix of theae ataDds are 

gi'Y8Jl iD Pig. 5. One of the profiles ... :rra. a ataDd (:8-15) of' 'Y~ 10. 

Pa' tllO vere :rra. staDda (B-6, :8-7) ntb apread. out root 1&yera, &Dd tbree 

vere i'zo. staDda (11-2, B-9, :8-12) vith root l.a)"erll les. tbazl 15 c. in 'Yer­

tical. extent. '1'0 est1aate the (rel&ti'Ye) total aaoanta of interat1t1al. 

the interYal. vitb1n the root layer, a 1~ cbaDp in concentration be­

tween a&IIp11.ng po1nta ... ~, aDd 1Ibere the deepeat part of the root 

~ C01Il.d DOt be saaple4 becauae of the pra.euC8 of rub'bl.e, the CODcentra­

'Uon in t.b1.a &re& __ aaau.ed to be the ..... &8 tbat of' the cleepeat aaapl. •• 

p. 1a p10tted _'ne.t total.· n1ua in JI'1.g. 6. Bxcl111l1.ng the ataud of' 10.­

_t p.' a a1ap1.e "n_r relation bet1leel!l Pa aIId the total. root laTer inter­

at.1t1&l. -..on11111 1a erident.. !'bit total. root laTer 1.nterat1t1&1 ·...",11111 of' 

the ataDll of ~ Pa __ ~ 10 U- 1Ibat 1I01Ild. lie expected on the 

1aa1.a of 'the re1atioa of' Pa to root ~ -..on11111 f'or the otber .taDd.a. 



Pige S. 

.... ---_._----

Pro~i1es o~ ~terstitia1 water nutrients and 

ch1or1ni ties at stands B-2, B-6, B-7, B-9, B-12 , 

B-1S (Pige. a, b, c, d, e, ~ respective!y). 

Ifutrient concentrations are in pg-at/1, chl.orinity 

in parts per thouaand. Dashed l.ines at l.ower parts 

o~ ... oniua pro~il.e8 are assumed val.ues. Vertica1 

extent o~ rhizomes, position~ o~ sha110west erect 

shoot apices, and top o~ rubb1e l.a7er are shown 

4iagramatica~. 
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of the stands stud~ed. 

The good correlat~on batveen Ps and total mterst~t1a.1 1œ.ter a.aonua 

m the root layer hpl~es tbat the total am.onum m the root layer .ust 

be the sa.e to aamtam a given product~on per shoot regardl.ess of vbether 

there are fev or aany shoots per un1.t are&. The dens~ty of shoots ~s deter-

Jdned m part by non-nutr~ t~on.al. factors such as the stage of success~on 

(Append.1x B). Thus p •• ~ch b a funct~on of both Ps and the shoot den­

s~ty. b on1y ~ectly correlated nth mterst~t1a.1 1œ.ter amaonum. 

Some factor other tba.n n trogen JIlUSt have baen l1.Jd thlg grovth of 

1eaves m the stands of very lov Ps • Phosphate concentrat~ons of the a1d 

root layer mterst~t1a.1 1œ.ter of these stands vere not lover than those of 

the other stands. 50 ~t seeas un11kely that phosphorus was 11.Jdting. One 

of the stands (B-16) vas at a depth of about 1.5 ca belov .ean lov 1œ.ter. and 

grovth at that stand vas probab1y lUd ted si.ply by depth of the 1œ.ter. Lov 

1œ.ter of spring tide b approx1Jlla.tely 0.2 JI belov .eau lov 1œ.ter at Barbados. 

In general. ~t vas observed that the length of leaves m depths less than 0.2 

to 0.3 JI belov aean lov 1œ.ter decreased nth decreasing 1œ.ter depth 

(Appendix B). and s~ar observations have been Bade by other vorkers 

(Pb1.l.l.1.PS. 1960. Stravn. 1961, D.R. Moore. 1963). The upper lUdt ~ Thal.ass1a 

lies betveen aean lov 1œ.ter and lov Mater of spr1ng tide (Ph1.l.l.~PS. 1960). 

Shortness of 1eaves m sbal.l.ov 1œ.ter bas been attrUuted at least part1a1l.y 

to "l.eaf Id.ll.. (Ph1.l.l.~PS. 1960). Hovever aea.sureaents of grovth rates 

(Appendix A) m~cates that the mam cause of short leaf 1ength m sha.11ov 

1I8.ter ~ s1.ap1y lov grovth rate. Presuaab1y leaf 1ength b llaited by depth 

of 1I8.ter and "the grovth rate a adapted to th~ s~tuat~on through a sort 

of negat~ve feedlack. The tvo other stands of lov P s (and lov grovth rates) 

vere at depths of greater t.han 0.3 • and lay adjacent to stands ar longer 
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1eaves. A patbo10gi.cal. factor may bave been 1bd.ting 1eaf growth at 

these stands. At one of the stands, B-15, the secU.ment surface vas cov­

ered by a grey 'fuzz' vlûch under the JÛ.croscope was observed to cons1.st 

of fungal. ayce11um. At the onl.y other stand mere such a fuzz vas ob­

served, the 1eaves vere a1so very short. Whether or not the funga1 myce-

11um was in &Dy' way re1a 1;ed to the 10v growth ra tes of Tbal.assia ca.n only 

be sura1sed, hovever. 

The stands of h1ghest Ps of Tab1.es n and ID: occurred in ces and CF 

substrates. Stands of moderate1y high Pa vere associated With spread out 

root 1ayers in PS and es substrates. General. survey stud1.es (AppeDltix B) 

a1s0 shoved tbat h1.gh Ps 1s associated w1.th CF substrates and spread out 

root 1ayers. In the stands of spread out root 1ayers, erect shoots .raay be 

very ~ong, n th a max1aum 1ength equa1 to the vert1cal. extent of the root 

1ayer (Pl.ate nd). HJ.gh Ps in such s1tuat10ns 1s probabl.y associated nth 

t.he 1arge area of sed1.Jbent in contact nth each shoot or 1.ts roots. Stands 

B-12 and B-1), the stands of 10vest Ps in Ta.b1.e nI other tban the stands 

in vlûch nitr:ogen was probabl.y not 11a1ting, bad 'sha11ov' root 1ayers 

(Fig. 58). 1.ov Ps in these stands and h1gh Ps in CF and ces substrates aay 

bave bean associated vith 'lûgh' and 10" redox potent1a1.s in these t"o s1t­

uations respective1y. Th1.s 18 further d1.scussed be10v under 'General. pH-Eb 

and ~ter1a1 character1stics of the sed:1Jaents and. observations on the oc-

currence of iron sul.f1.de'. 

'l'be re1ation of Ps to interst1t1a1. water aaaoniua 18 an unusua.l..l.y 

S1tuati0D8 in agr1cul.tare, lIO%'e tban one nutr1ent 18 present in ~ting 

or near l.1JI1t1ng suppJJ, and requ1rell8Dts for a nutr1ent ... y be affected by 

coap1ex 1nteract1ons betveen the nutr1.ents (Russell, 1950. Reuther, 1961). 
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L1.e big' s Lav j,mpl.j.es a l.1.near relation between yiel.d and suppl.y of the 11Ja-

1. t1ng nutr1.ent. For agr1.cu1 tural systems in wh1ch on1y one nutr1ent :1s 

11Dd.t1ng, a s1.gJDo1.d curve re1at1ng yieJ.d to nutr1.ent supp1y 1s typ1caJ.1y 

observed (Bussell, 19.50). As the max'mJm ca.pac1.ty of the pl.ant for growth 

1.8 approached the rate of change of yie1d w1.th respect to nutr1.ent suppl.y 

decreases, and. mayapproach zero. S1pl1ar1y, ca.11brat1on curves used for 

est1JDat1ng the ·cr1t1ca.1 concentration' for the tissue anaJ.ys1s techn1.que 

of eval.ua.t1ng nutr1ent supp1y are cbaracter1.zed by the presence of an 'ad­

equate zone' in wh1ch increas1ng the suppJ.y of the 11Dd. t1ng nutr1ent resul. ta 

1.n an 1ncrease 1.n the concentration of the nutr1.ent in the tissue, but no 

1.ncrease in y1e1d (Ul.r1.ch and. H1.ll.s, 1967). 'lbe cr1t1ca.1 concentrat10n cor-

respoDds approx1mate1y to the 10vest concentrat1.on of the 1~t1ng nutr1ent 

1.n the t1.ssue assoc1ated w1.th lI&X1.mwa yieJ.d. GerJ.off and KroabhoJ.z (1966) 

successful.1y app11.ed t1ssue a.naJ.ys1s techn1.ques to the study of nutr1ent 

ava1l.ab1.11ty for freshwater ang1.osperms. For severaJ. spec1es the ~t1ca.1 

concentrations of total. ni trogen and total. phosphorus in the pl.ants vere 

1.~ II and. O.1~ P. Ana.1.yses of pJ.ants f'rop n1ne J.akes 1nd1cated tbat phos­

phorus ra ther 'than ni trogen was J.1ke1y to be J.1.a1 t1ng growth of these pJ.ants. 

Even though very h1.gh rates of production bT Tbal.assia vere observed, there 

1.s no 1nd1.ca.tlon in the pl.ots of Ps versus total. interst1tiaJ. 8.PJIOn1um 

(Fig. 6) and Ps versus rh1.zoae water soJ.ubl.e aa.on1wa (+aa1.no ac1d)-N (Fig. 

2) of a max1aua yieJ.d of Tba1 a-s1& be1ng approached in situ. It is a1so ap-

parent tbat the Ps -rh1.zoae water soJ.ubl.e nutrient correlations do not 1nd1-

cate vbether a parUcul.ar nutr1ent is J.1a1t1ng growth of 1baJ ass1.a. 'lh1s 1.8 

abo1m. b.T the fa.ct. tbat there 1I8.S a s1.gn1.f1cant correJ.ation betveen Ps and 

rh1zoae water soJ.ub'le pboapbate, aven thougb phosphate 1I8.S not J.1a1t1ng 

grovth of Tba]ass1a. Al.so, for staDd A-13, at vb1ch grovth of Tb a.1ass1a 
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vas probabl.y l.1.Ddted by the depth of water rather tba.n by nitrogen, the rh1.­

zome water sol.ubl.e amaoniua (+allino aC1.d}-N concentrat1.on vas what wou1d be 

pred1.cted from the val.ues for the other stands, rather tban anomal.ous. Th1.s 

type of rel.a.t1.onsh1.p may be very usefu1 1.n the study of aquat1.c ang1.osperms, 

however, aS 1. t does prov1.de a s1.mpl.e means ta determ1.ne whether s1.gn1.f1.cant 

quant1.t1.es of nutr1.ents ~ taken up from the substrate 1.n s1.tu. Some pre-

1.1.Ja1..nar,y stud1.es of Syr1.ngod1.um, for exampl.e, suggest upta.ke of n1. trogen 

from the substrate by th1.s pl.ant. 

Max1.mum l.eaf l.ength 

28.0 cm 

Rh1.zome water sol.ubl.e 
aJlJllOniua (+aa1.no aC1.d}-N 

10.6 pg-at/g wet 1ft 

3.16 

3.48 

1.12 

Oblr1.ousl.y, l.1.ght aust 11.a1. t growth of Thal.ass1.a. for a. part of the day, 

and preSUll&bl.y at soae depth, 1.s cont1.nuous1y l.1.a1.ti.ng. Jones (MS, 1968) 

found tha.t oxygen product1.on by 'lha.1ass1.a 1.ncreased w1.'th 1rrad1.ance up ta an 

1rrad1.ance of 20 1y /hr. Fra. h1.s da ta. he conc1uded tha. t oxygen product1.on 

1.s detera1..ned aa1.n1y b.Y the sta.nd1..ng crop and the 1ength of day w1. th 1rrad1.­

ance greater tha.n 20 1Y/hr. The s1.ap1e 11.near nature of the rel.atlon of Ps 

to total. 1.nterstit1a1 water &IIIIOniua suggests that at the depths saap1ed 1.n 

BarlBdos (less tha.n 2 a), .ost growth occurs dur1.ng the per1.od when ni. trogen 

1.s l..Udt1.ng. 111e factor 11.a1.t1.ng oxygen production above an 1rrad1.ance of 

20 ~jar 1.n JODeS'S (MS, 1968) study was .ost probabl.y ni.trogen. 

Interat1. t1a1 lia ter ch1or1.Jd t1.es 

Intersti t1.al. vater ch1or1.n1. ty proflles of three stands are g1.'YeD 1.n 
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F1.g. 5. A -Eev sea wa ter sa11.n1 ty sa.mpl.es ta.ken t'rom 'lbal.assia beds during 

preJ1.1nary survey stud1.es. and sa11.n1ty data obtained by 1Ir. Finn Sanders 

o-E the Bellairs Research Inst1:tute (personal. commun1.cat1.on, 1969) bad 1nd1.-

ca ted 11. ttle dU-Eerence betveen sa1in1. t1.es of inshore areas and ocean1.c sa-

lin1.t1.es, thus the occurrence of lov chlor1.n1ty vater both over the Tbal.assia 

beds and 1.n the sed1.aents vas unexpected.. Dur1ng the months 1.n vh1.ch the in­

terst1.t1.a1 water saaples vere taken. December 1969 to February 1970. there 

vere unusua11y heavy ra1.ns. Saapl1.ng was done at low t1.de when lIl1.x1ng of 

1.nshore water v1.th ocean1.c water 1I0uld have been least. Ch1orin1.t1.es of sea 

water taken at the three stands vere 14.5, 17.8 and 15.4 0/00 (F1.gs. Sa, 5c. 

5f, respect1.vely). The a1.n1.awa chlor1.n1.ties of the 1.nterstitial waters of , 
these stands vere 12.0, 16.2 and 1:3.7 0/00• The aaximwa chlor1.n1.ties of the 

1.nterst1.t1a1 waters, 19.6, 19.8 and 19.6 0/00 , vere close to ocean1.c ch10r1.n-

1.t1.es dur1ng th1.s per1.od (19.7 to 20 0/00 , ca1cu1ated fro .. sa11.n1.ty data ob­

ta1.ned by 1Ir. F1.nn Sanders. personal coJlJlllUl1.ca tion, 1970). 

Exchange between 1.nterst1. tial wa ter and the overly1.ng sea va ter 1.8 us­

uaJ.l.y cons1.dered to be very slov. EJaery, Stevenson and Hedgepeth (1957) re-

.arked nth respect to 1.nterst1.t1al. water sa11.n1.ties in estuar1.es, '"the Ba-

11.n1 ty of the 1.nterst1. tial wa ter pro la bly represents a rough aed1.an value o-E 

the aal1n1 ty of the o"rerl71.ng water wh1.ch nova past the po1.nt dur1ng the 

year. '" '!bus the ex1.stence o-E apparently cU.sc:rete layera of _x1wull ·sa11.n1.ty 

water next to layera of 10v chl.or1n1.ty water 1.8 puzzl.1.ng. ibree pbenoll8na 

wb1.ch a1.gbt aCC01U1t -Eor the peCtJl1ar chlor1.n1.ty d1.str1.but1.ons are (1) spec1.-r-

1.e uptaJee o-E ch10ride by ",., a-sia. (2) soae sort of -.ss transport of sea , 
water -throU8h the s ed1118nts assoclated. nth uptake of Bea water by 'l'balass1a, 

and (:3) upvel.llng of grouDdvater. F1.ve 1.nterat1. t1a1 water saaples ta.Jœn 

f'ro. positions betveen the sed1aeut surface and botta. of the root layer 
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of a 8taad at lIath tba:t -.e con1;.'ymally waebecl b.r of~8bore ... ter bad eb1o­

r1Di:ti.es o~ 19.1 1;.0 19.7 0/00• Th1a suggeete tbere 18 DOt a 8pecifle up-

The deaonetratlon of rapid rates f4 trane-

1oca.t1on o~ 32p iD the YlUlcul.ar 8~tea f4 Zoatera (JIcBoy aDd Baredate, 1970), 

&Dd. the erl4ence f4 ttd.a tbee18 ~or uptaJœ f4 8~1.caDt quaat:1ti.ee êf nu­

t.r1eDte froa the subet%S:t;e b.r 'fbaJ'881a, support &rgIIIieIlte ~or the existence 

of a _8 t.Dmaport of 80_ sort throagb the :tq1ea o~ su-..rged pl.aDts. Hov­

ev8%', the 1Iho1e subject of the ~101os:J' f4 -.ter lUId so1ute .weaent iD 

a&r1De &Dg108per.e 18 iD need. f4 caret'u1 ~tal. stud7. Vbether aoYe­

aent f4 grotlDllvater iD the e-HaMate 1IOUl.4 g.1'Ye r1ae to the t7}18 of cb1or1D­

lty 41str1bat1cma obeerYed la open 1;.0 quest1oD. :rt Jd«Irt be 1IIIef'u1. to 8tud7 

the yertlc:al. cb1or11l1.ty cl1tst.r1.bat.1oDa of 'J'bal'-81a _cU.-ts iD areas d~iD­

ltel.y subject. 1;.0 gEocm4water ...... ..ut., lUId iD areaa subject to ~ cb10-

r1D1ty eea __ ter, bat DOt poaalbl.y subject to grocm4vater ..".,..aent. 

T!!erpn'e D1tropa aM pbo!pbo!'!!. orf5!!1c 

... t'ter iD tbe eed'..ute 

Tell eed'went eaapl.ee, taJœa at 1eveJ.a at 1Ib:1ch iDteratlt1&1 ... ter .... -

pl.- were al.eo takeIl, were ~ed ~or extractabl.e ·...".lua &DI! D1trate, 

BCl. 801ub1.e pboepbate, &Dd arsudc .. tter (Tabl.e D'). Tbese Y&1uee re~-

8eIlt .1Dgl.e eaapl.ee of .... 'wen:t, f4 approx:1aate1y 120 al. Y01u.e, At. the g.1yen 

cleptba. Xat.rst1t1al. vater D1l'tr1eDt Y&l.uee, &180 g.lYe1l iD 'l'abl.e D', repEe-

8eIlt 10 1DdJ.riAbal. 20 Id asaapl.ea at the g1'Y'" aeptM. 

IDor rn,c JI1tzU6!!! 

'fbe%e la a .~lC&Dt oorre1at1oD bet-.n iDteretlt1&1 water aaaon1uJI 

ud eJt1zactabl.e· nl1D1 (r. - 0.87, p < 0.01). hteratlt1&1 ... ter a.aon:1111l , 
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Table IV. Analyses of sediments. 

"AllI) UJlPLI POSl'rIOII ImRmfllL YATIR lUTRlam APPIOI. IJrDSII'rIAL IXTRAOTABLII JIll œLUBLI P OROAMIO 0 's .. tll! VATIR CONTINT hl:!tLY m !dl 
tI1\ ... 110,-11 ~.P <. ot vtt ri) ".N .,.N <.ot dr7 ri) (. of .1'1 lit) 

1-1 al. root ~ .. la.7· 0.2a 0.'0 '5 86, '.1 0.02a1t O.,.. 

1-2 <Pl •. 5a) .ub.lU'taoo (2.' •• ) 6., 1.06 0.'& 28 1,6 8.7 0.02144 0.17 

1-6 (Pl •• 5b) l\Ib.urtao. ,.a 1.,.. l.~, 2' 12' ,.8 0.025' o.,. 

" " l' •• ln roo' lo,r .. •• 1.5 o.a 0.7 " ~O ~., 0.0211 O.~l 

Il ft 37 •• ln roo' l"er '.5 1.77 1.10 28 28 O., 0.011' 0.2' 

1-' (ri •• 5.) ,.a· O.,a 18, 87.7 
.ç:-

.ub.urta .. 2.00 25 0.0220 0.2' "'" 
" " 25 .. ln root 1" .. 7.0· 0.1t o.,. '5 2~ ~.2 0.oa'5 0.1ta 

"1~ al. POot ~.r 10.,· 0.75 lflI* 1t7 1'.' 0.02lt7 1.1, 

1-15 ('1 •• 5t) tublUPta .. '.5· 2." 1.15 '1 250 ~,.1 0.0'02 0.60 

" " 15 •• III roo' 1"., • 7.0 0.78 o.n ,. 178 '°.5 O.cAAl 0.~8 

• "o\hod or Itrl.kllfttl an. l'vIOn. (l~5h oth ... , lMll&tlllll ml'aotablo ~.N, 

" •• 'hod .r 101tnan. (1",) • 

•• In"re\1".l ",1\111 ln"ppol.'''. 

'lnol ........... • '.r taIt.n ln vith ...,1 •• 
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• • 
• • 

• • 

300 
Extracta ble 

• 

• 

600 900 
NH

4
-N (ug-at/kg dry wt) 

Fig. 7. Relation of interstitial water ammonium to 

. ammonium in sea water extracts of the sediments. 
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~ 'the &JIIIOni.ua 1.n the sed
'
epnta 18 adsorbecl iD eoae _nner, and that th1a 

adaorbed aa.on1.ua 18 read1l7 8'rcivlDgeabl.e v1.th other caUons iD sea vater. 

'DIe correl.a:tl.on between 1.ntereUt1al. vater &IIIIOIl1.ua aad ext.ractabl.e &IUIO­

ni.ua 1Dd.1.cates tbat "the tvo pbases a:e 111 equ1.l.1.br1.ua, aDà. that 'the 9&r1.-

OWI ee'''-enta possesaed s'.11er a.a.cm1.ua adsorption cha.racterist1.cs. Tbe 

Tbale e s1a .... 'weDta cons1ated pr:edoll1Dant.l.7 ~ sand s1.zed skel.etal. carbon­

ates (AppmcUx B). There were onl.7 s.all. &8OWlta of organ1.c _tter and neg-

1.1.g1. b1.e &IIOUI1ta t4 c1&7 a1neraJ.s, the 'Iovo character1.stics 1fb1.ch account for 

IIGst of the cat:1on-exchaDge capa.c1.t7 of soUs (Black, 1968), iD t.bese sed:1-

aenta. Adsorpt1.on of ...,n1ua iD t.bese sed.1aenta 1.a pro'bLbl.7 a cou1oab1.c 

t)'pe t4 adaorpt1.on asaoc1.&ted n'th the negat1.ye charse (Pravd1.é, 19'70) of 

the sed1 epnta. Pravd1.é (1970) :f'ound tbat aU. sed:1aenta he ""·'ned. vere neg­

at:1Ye1.7 cbarged 1.n sea vater and pos1.t1.Ye17 cbarged iD f"reah vater vith the 

appa:rent.l.7 cbargecl b.r surface iDteract.1ona, both coul.oab1.c and spec1f'1.c iD 

nature, v1.tb the lIOJ:'8 a.....".,·nt 1.ons iD sea water. Prari1.cf (1970) reaarked., 

"Once cbarsecl, the a1Dera1 surface ten4s to adaorb 1.ons t4 oppoa1. te charge 

1;0 aa1.Jrt&1D the el.ectri.c&l. ~t7 of the 878tea. These!.ons are weak17 

hel.d &Del r-d117 excbange U' 1;be1.r concentrat!.on iD the eol.ut1.on Y&r1es or 

if the charse t4 the ~ace 1.s x.va ed. br 80_ chea1.cal. interaction.-

Tbere 1& DO correl.aUon betveen 1.nterat1.ti.al. va1;er ni.t.zate &Del extract-

abl.. Il:1tTate. Rel.&t1.Ye1;y l.&rge &IIOUDta t4 n1t.zate 1Iaz'e present in 80we t4 

the surface saap'les. Onl.y traces of ni. ~te, or none at al.l.. vere detected 

'Ibe BCl. aol.ub1.e pboapb&te Yal.ues aze coas1d&red. to be sood eatûa:tea t4 

the total. 1Dorg:ud.c }IboalÂJd!ua 1.n the eed'...,ta as aoet t4 the 1Dorgaa.1.c 
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phospborus vas probab1.l" present. 1.n the form of (ac1d s01ub1.e) cal.c1UJ1l phos­

phates. Phosphate 1.8 prec1.p1.t.at.ed 1.n the mar1.ne environment. as cal.c1.um 

phosphates (Ne1son, 1967). Under alJœ.11ne cond1.t.1.ons, as 1.n sea water or 

1.n 11.med soUs, Phosphate 1s re1eased. froa 1.ron and a1Ul1linum phosphates, the 

iron and a1um1.num rema.1n1.ng 1.n 1ns01ub1.e fOrJll as hydrox1.des (Bl.ack, 1968). 

The Tbalass1.a sed1.ments cons1.8t.ed predoa1nant.1l" of sJœ1eta1 carbonates, and 

the south coast sed1.aents were not.ab1l" 10w 1.n 1.ron (see p. 69 ), so 1. t. 1s un-

11.ke1y that. there were s1.gn1.f1.cant. aaounts of iron and a1um1.num phosphates 1.n 

these sediments even in metast.ab1e forme Sea wat.er 1.s be11.eved to be approx-

1.ma.te1l" saturat.ed with respect to cal.c1.um carbonate and apat.1.te (S1.11é'n, 

19611 Kramer, 1964, Boberson, 1966). Smal.l., tliscrete part.1c1es of apat.1.te 

wou1d not. be depos1.t.ed 1.n the reJ.at.1ve1l" h1.gh energy environments of the 

Barbados 'l'ha1ass1.a beds un1ess formed after st.ab1.J.1.zat.lon of the sed1.ments. 

Gu1brandsen (1969) not.ed t.bat. the rat.1.o of carbonate to phosphate 1.n 11.me­

stone (vh1.ch averages about. O.~ p) 1.s of the same order as the rat.10 of 

carbonate to phosphate 1.n sea water. He suggest.ed t.bat. coprec1p1.t.at.1.on of 

carbonate and phosphate .... y be a s1.gn1.f1.cant. feature of carbonate depos1.-

t.1on." Th~ HeJ. so1ub1.e phosphate val.ues of the 'l'bal.assia sediments are of 

the saae order as the tota1 pbospborus va1ues g1.ven by V1.nogradov (1953) for 

.ollusc ske1eta1 parts (trace to 0.61$ P, .ost. val.ues < 0.01% p), coral.s 

(trace aaounts), Hal 1 --da (trace aaounts), 

.ost. val.uea < O.O?O.C p) and by Cl.arke and Wbee1er (1922) for f'ora.1n1fera 

(trace 8.IIOUDt.s). De lr1s of these organ1sas lIBde up the aa1.n part. of the 

"l.'ha'p-sia bed S ed1 IMDts (AppeDHx B). It. BeeIlS 11.ke1l" t.ba.t. .ost. of the 1.n-

or88ldc pbospborus 1.n the 'Iba'pssia eed 1 went.s 1.& in the forJl of cal.c1.ua 

pbospbat.es occ1.uded. w1.th1.n the sJœ1eta1 carbonates. Occl.uded phosphate 

voul.d bit unabl.e to go 1.nto so1ut1.on to repl.ace phosphate reaoved fro. the 
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int.ersUt1al. wa:ters b,y 'Ibalass1a. i'hus whUe the HCl. sol.ub1.e phosphate val.­

ues 1nd1.cate rel.ativel.y l.arge aaounts of phosphate in these sedUlents, aost 

of 1.t may not be avaUable ta 1hal.ass1.a. Some 1nd1.ca.tion of the amount of 

phosphate that 1.s read1.l.y avaUab1.e 1.8 g1.ven b,y the amount of pbo~pbate ex­

tracted in 28 success1.ve vash1.ngs of a 7bal.ass1.a root l.ayer sed1.JRent vi. th 

sea water. 'lhe HCl. sol.uble phosphate of th1.s sed1..aent was O.O~ of the 

dry ve1.ght, and the total. phosphate extracted vi.th sea water was 6.6 mg/kg 

dry vt, or 2.~ of the HCl. sol.ub1.e phosphate. 'lh1.s 1.s of course a m1.n1.mum 

est1Jaate of the aval.lable phosphate as cons1.derably more JB1ght have been ex­

tracted w1.th cont1.nued wash1.ngs (see F1.g. 8). 

'lhe decrease 1.n the concentrat1.on of phosphate 1.n 28 success1ve ex-

tracts of a root l.ayer sed1.ment, and in 7 success1.ve extracts of tvo other 

root l.ayer sed1.aents (F1.g. 8), 1.s suggest1.ve of desorption of phosphate as 

observed in soUs. Adsorption processes are mOlln ta be of .. jor 1mpor-

tance in regu1a t1.ng avaUab1.l.1. ty of phosphate for pl.ant grovth 1.n soUs. 

It 1.s pert1.nent ta br1.efl.y rev1.ev work of the soU sc1ences concerned v1. th 

phosphorus sol.ub1.l.1. ty, pa.rt1cul.arl.y tba t concerned vi. th l.1med and ca.l.car-

ecus soUs, as s1.nar processes probably control. the ava1.l.ab1.l.1. ty of phos-

pbate 1.n the 1bal.ass1a: secU.ments. '1he aval.labU1.ty of phosphate for pl.ant 

growth in soUs 1.s a funcUon of both the concentration of phosphate in the 

sol.ut10n phase, and the capac1. ty of the SOU ta renev the sol.ut1on phase 

pbospha~ (Fr1.ed and Sbap1.ro, 1962). '1he soU-pl.ant rel.atlonsh1.p -.y be 

represen'ted as (Fr1.ed and Sbap1.ro, 1962) 

SoU P ~ Sol.ution P --+ Plant 

Apa. t1 te, in part1.cul.ar fl.uora.pa t1. te. 1.s cons1d.ered to be the onl.y s ta. bl.e 

crpsfal11ne pbospbate in &l.kal..1ne soUs in the presence of ca.l.c1ua (Mu:I:'nIa.nn 
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.S 1 ~"o.o-o-"'"-"'o.o ~o-",o_O'o'o,o ~ A B ~~ 20 2 0. 0 10 1 
Extract 

Fig. 8. Phosphate concentrations in successive sea water extracts of 

root layer sediments. 
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8Dd Peech, 1968). Other aetastab1.e cal.c1.ua ........ tea sucb as cU.cal.c1.ua 

}âoa}1bate aud octoca.1c1.ua phoapb&te -'Y occur as traDa1.t1oDal. f'orllS 1Iben 

pbos}1bate f'ertU1.ser 1.s ad4ed to soUs (Frl.ecl aDl Shapiro, 1962). In ad-

di. t1.on to so114 pbase cr;rstall.i.De pbospbate, pbospbate 1.s adsorbed on the 

surEace of' soU pa.rt1.c1es. So_ cba..ra.cter.1scs ~ 'tbe adsor'bed phosphate 

are as f'011oVII. (1) Adsorptl.on and desorptl.on ~ }Iboapbate on ca1c1.ua c&r­

boDILte (001., 01sen aDd. Scott, 1953. Oo1e &Dl Ol.seD, 19.59) aM other a1ner­

&1.s (Frl.ed and Sbapiro, 19.56. 01sen and VataDbe, 19.57. 001. aDl 0115811, 1959. 

Hau, 1964) are accu:rate1y descr1.bed b.r the ranp"'r eqaat1.on. (2) Bqu1.l.1.-

1Iri.ua betWeeD adsorbed pbospbate and. so1ut1.on pboapJ&te 1.s at'taillee! rap1dl.y 

(ODe a1mrte or 1ess iD vell Jdzed exper1aeDtal. ~ - JI'.r1.ed ancl Sbapiro, 

1956). (3) Bssent1&l.l.y aJ.1 of' the adsorbed pboapllate 1.s iD equ1.11.br1.ua w1.tb 

tbe so1utl.on phosphate (1. ••• exc:haD8e&b1.e w1.tb 32p), at 1east w1.tb1Il the 

f'1.rst 2Iff. bours &'t'ter adsorpt1.on (Oo1e et &1.., 1953. 0l.seD aDd. Vatanbe, 1957). 

Co1e et &1.. (19.53) consl4ered. the sl.1.8bt decz _ iD tbe a.oant of' exch&nge­

ab1.e pwspaate -.l'th ag1Ilg to be due to -grMual peaetzat10D of' pbospbate 

10Ds 1Dto cracks aDd. creY'1.ces 1Daccess1. b1.e tG 'the sol.at1oDa or of' so114 d1.f'­

f'usion of' the 1.oIuI iDto the ez"7Stal. 1&tt1.ce. - 117 coapar1.scm, on1y a s-.1.l. 

1'ract1oD of' ~1De pboapbate 1.s excbaDge&'b1.. IIJ:tb 32p (Bl..&ck. 1968). 

(4) the adIIorpt1.cm _3d .... as eats..atecl f'2:oa 'the 'anp"'r equat1.on. 1.s 

c1oeel.y correl.atecl w1.th soU part1.c1e ~ace are& (0l.seD __ Vatanbe, 19.57). 

'l'bese f'our cbazacter1.st1.ca are taken as erl.deace tbat (1.) }Iboapbate 1.s ad­

sorbed as a aGD01&ye:r, aDl (1.1.) adsorpt1.Gn PLU C II _ az. ~ f'vnde--ntal. la-

a1.1y agreed tbat l.t 1.s an exct..Dge PLoc"" 1JDo1.riDs pd....,. Y&1enC8 boDds. 

t'beze bas beeD cons14ezabl.e ~1oD OYeZ' 'the fl1I88tJ.oa of' 1Ibetber 'the 
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adsorbed phosphate or the crysta.11ine phosphate de termines phosphate s01-

ub1:t1ty. Cons:1stent w1.th what wou1.d be pred:1cted from the Langmuir equa­

t:1on, Cole and 01sen (1959) found that phosphate solubU1 ty in var10us caJ.­

careous soUs wa.s directl.y related to the amounts of surface area and the 

percentage phosphate saturation of these surfaces. Murrma.nn and Peech 

(1968), on the other band. found tbat the solubU1ty of phosphate in var1-

OUS ca1.careous soUs corresponded c10sely w:1 th tha t pred:1cted. b.Y the solu­

b11:1ty of fiuorapatite. However Murrma.nn and. Peech (1969a) subsequentl.y 

found that when the pH of these soUs wa.s var:1ed. the phosphate solub111ty 

was determ1ned b.Y the amount of 1ab:11e (surface) phosphate rather tha.n by 

the solubU1ty of fiuorapat1te. 'lhese worIœrs proposed (t-lurrmann and Peech. 

1969b) tbat lab11e phosphate and fiuorapatite sbou1d coex:1st accord1.ng to 

the equll:1 brlum 

Labi1e P ~ Solut10n P ;::::! Crysta.11ine P 

'lhey noted tbat apatite d1.ssolves extremely slowly. and suggested. that when 

the equ:11:1br1um between crystal.1:1ne phosphate and 1ab1.1e phosphate 1s shift­

ed b.Y al.ter:1ng pH. or b,y pl.ant uptake of phosphate. 1t 1s the 1ab1.1e phos­

phate ratber tban c:r;ystaJ 11ne phosphate that detendnes the concentration 

of phosphate in solution. 'lhey remarked. "It sbou1d be obvious that. re­

gardl.ess of whether or not any b:1gb1y 1nsolubl.e crystall.:1ne pbosJlhate l1Iœ 

apatite or var:1sc:1te ls :in equll1br1ua w:1th the 1ab11e phosphate of the soU. 

l.t :1s the 1ab11e phosphate that detera1.nes the concentration of phosphate in 

solution and the rate at wh1ch tb1.s equl.l.Urlua 1s repl.enished upon leach1.ng 

or re.ava.l. of pbosphate b.Y p1..ant roots." 

A.sswd.ng tha. t the pbospha te concentrations in the sea 'Na ter extra.cts of 

the root l.a.yer secUllpnts (Fig. 8) vere equ1.l.1.brlua values, tben concentrations 
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of the order of 5 pg-at 1'04-P/J. woul.d be expected m the interst1.tiaJ. waters 

of the Thal.ass1.a root J.ayer. VaJ.ues of 0.1 to 1.5 pg-at 1'04-P/J. were ob­

served (Tabl.e III and F1.g. 5). The dti"ference Jdght m part be accounted 

for by ba.cter1.al. act1.v1.t1.es in s1.tu. Stud1.es by Hayes and associates (Hayes 

and Pb1.ll.1.ps, 1958, Watt and Hayes, 1963) have shown that bacter1.a are 1.mpor­

tant in the reguJ.at1.on of phosphate concentrat1.on m aquat1.c systems. How­

ever rates of exchange of phosphate between bacterla and the water phase 

vary by severaJ. orders of magn1. tude for d1.fferent systems, and 1. t l.s not yet 

poss1.bl.e to pred1.ct what the effect of baci;eria w1.J.J. be 1n a g1.ven system. 

The J.ow phosphate concentrat1.ons 1.n sI. tu m1.ght aJ.so be a resuJ. t of suJ.fate 

reduct1.on. W1.th respect to adsorpt1.on characterlst1.cs, suJ.fate behaves s1.m1.­

J.arJ.y to phosphate in soUs (Barrow, 1967). SuJ.fate ls probabJ.y the ma1.n an-

1.0n 1.n the sea wa ter extract1.ng soJ.utlons wh1.ch exchanged w1 th adsorbed phos­

phate. SuJ.fate 1.n1.tiallyadsorbed. on caJ.clum carbonate and 1.n 1.nterstltiaJ. 

water of the '1haJ.assia root J.ayer IIlUSt be at J.east partially removed by suJ.-

fa te reduct1.on. Th1.s woul.d be expected to resul. t 1.n JIOre adsorptlon of phos-

pilate, and correspond1.ng1.y J.ower 1nterstltiaJ. water phosphate concentrat1.ons 

1.n the Thal.assia root J.ayer sed1.aents than wouJ.d occur 1.n systems 1.n equil-

l.lr1.UII w1 th sea wa ter suJ.fa te. 

Beca.use of the coap1.ex nature of apat1.tes, and uncerta1.nty rega.rd1.ng 

aetlv1.ty cceff1.c1.ents 1.n sea water, l.t ls d1.fflcul.t to make reJ.1.abl.e estl­

II&tes of the soJ.ubil1.ty of apatltes 1.n sea water. Roberson 's (1966) exper-

1.1I8I1taJ. data on the sol.ubUlty of apat1.tes 1.n sea water (cal.C1U11 10n con­

centrat1.on 1.02 x 10-2M) 1nd1.eate equil1.lrlU11 concent.ra.t1.ons of phosphate 

of approx1.aately 0.2 pg-at/J. at pH 8.2, 1 pg-at/l. at pH 7.5, and 1.8 }I8-atll. 

at pH 7.0. Gu1.bz:'andsen (1969) cons1.dered tbat these are probabl.y sl.1.ght 

underesti.Jlatea of the so1ubU1.ty of phosphate. Under cond1.t1.ons of reduced 
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calcium ion concentration. the equllibrium phosphate concentrations vou1d 

be higher. The phosphate concentrations in interstit1al. waters of the 

'l'hal.assia secil.Jllents vere of th1s order. This does not necessarUl" impl.l" 

tha. t sol.id phase apa. ti te vas present and in equlli brium vi th the interst­

t1al. water phosphate. but it mal" safel.l" be conc1.uded that none of the more 

sol.uble non~pa.titic calcium phosphates vere present. 

Organic matter 

The organ1c carbon val.ues are intended to be estima tes of the non­

l.iv1ng organic matter (except for 'bacteria). Large pieces of o1::w1ousl.l" 

fresh rhizome tissue vere removed from the sampl.es prior to dry1ng. but 

portions of l.iving roots mal" have been taken in the sampl.es. On the other 

band. DlUch of the dead TbaJ.assia tissue rema.ins cl.osel.l" attachèd to the 

pl.ant untU i t 18 decoaposed. and this ma. terial. mal" have been undersa.mpl.ed. 

In any case. the est1mates 1nd1cate that onl.l" sma:u aaounts of organic mat­

ter vere present in the secU.aents. Much l.arger organic carbon val.ues (6 to 

8)C) characterize muds of the ·tidal. zone'. the reglon of Zostera. occurrence. 

of Austral.1an estuaries (Rocbford. 1951). Host of the orga.n1c matter in the 

Thal.assia sed 1 ments vas prolabll" derived from dead underground parts of 

'l'bal.a.ssia. Infaunal. orga.n1s1RS vere sparsel.y distr1 buted in these sed1ments. 

particul.arl.l" in the '1ba1ass1a root l.ayer (Appendix B). Sign1ficant aaounts 

of exterDal.l.y produced organ1.c ae.tter voul.d not be deposited in these shal.-

l.ov. rel.ativel.y h1gh 1Iave energy enviroD.Jl8nts. The orga.n1c carbon val.ues 

of the surface sampl.es can be considered ..a.x1au.a estbla tes of the UIOUnts 

of orga.n1c .atter present in the sed1aents when they are first col.on1zed 

by Tba'assia. It 18 SOll8wbat. suxpx:18lng tbat there vere not in the sed1.­

_nts larger aaounts of orga.n1c ... tter der1ved froa dead underground parts 

of Tba.1ass1a. In 80_ 'nl;aJass1a beds el.sewbere. I observed large aaounts 
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of dead rlrl.zo.e ti.ssue in the secliments. In a l.agoonal. Tba.1ass1a bed at 

Grenada.. dead rh1.zome ti.ssue. consisting l.argel.y of vascul.ar ~es. oc­

cupied an estimated 80% of the sed1aent in a l.ayer about 15 cm thick l.y1ng 

bel.ow the l.ayer of l.iv1ng rhizomes. A t a Bermuda '1'bal.assia stand 

(Section III), dead, l.argel.y intact rhizomes were observed in a l.ayer be­

l.ow the l.ayer of l.iv1ng rlrl.zomes. The substrates at these stands were higb­

l.y sul.f1d1c and decomposition rates may have been unusual.l.y l.ow compared te 

those in the Barbados 1'bal.assia sediments. Di.st.ribution of cellu10se di­

gesters may al.so be somewhat sporadic. Wood (195990) faUed te isol.ate 

either aeroblc or anaerobic cellul.ose digesters from Zostera beds. He re­

marked, "This 18 surprising in the l.1gbt of the quanti ty of cellu1ose­

conta1n1ng pl.ants occurr1ng in Lake Macquar1e and. in Austral.ian estua.r1es. 

Ho"ever, there are deep beds of the cellu10sic parts of Zostera above the 

water l.evel. round the l.ake, giving f'iel.d support te the l.aboratery f1ndj.ngs 

regarding the absence of cellul.ose d1gesters. It i.s difficul.t, however, to 

bel.ieve -tbat cellul.ose-d1gesting œcteria or fungi were ent1rel.y absent." 

Bavezma.. (1932. revie"ed by ZoBell, 1946b) i.sol.ated aerobic cellul.ose di­

gestera froa al.l. saapl.es of cal.careous .ud he e xa• 1ned, and anaerobic cellu­

l.ose digesters froa .ost saapl.es. Other workers have reported diff'icul.ty 

in isol.ating cellul.ose digesters froJi .arine sources (Oppenhe1mer, 1968, 

p. 221 te 222). '!he Barbados Tbalassia staDds are subject te recurrent 

erosion-euccession processes (Appendix B), and, in part, the l.o" amounts 

of' organic .atter in the secU..ents .ay refl.ect the rel.ative youth of the 

Barlados staDds. 
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General. pH-Eh and bacter1al. cha.racterlst1.cs 

of the sedhents and. observations on the 

occurrence of iron su1fide 

'!he resul.ts of pH-Eh determ1na.tions, and estuates of bacter1al. num-

bers are g:1ven in Tab1.e V. Al.1 sampl.es vere from PS or es substrates. It 

was not possi b1.e to get l.arge, intact sed.1ment sampl.es from CF and ces sub­

strates. The purposes of these observations, wb1.ch vere ~ed out as part 

on 'lhal.assia beds, vere prbIar1l.y to determine 

(1) whether 'l'baJ.assia root l.ayer sediments, Syr1ngoclium root l.ayer sediments 

and non-root l.ayer sediments are characterized b,y differences in pH-Eh, and 

by pronounced differences in numbers of various physiol.og:1ca.l. types of' bac­

taria, pa.rt1cul.a.rl.y of sul.f'ate reducers, and (2) whether the occurrence of' 

ferrous sul.fide at Bath and its absence at St. Lawrence ref'l.ect differences 

in œcter1al. activ1 ties in these tvo areas. 

pH of' al.l. sampl.es lIaS l.ess than 8.1 ta 8.3, the pH of sea water in 

equ1.l.1br1u. with atmospherlc 002 • Lovest pH lIaS observed in sediments cov­

ered by b1.ue-green al.gal. mats. These sediments Vere strong1.y reduced and 

saelled of sul.f'ide. pH of' saapl.es from the Syr1.ne;odiua root l.ayer varied 

t'rom 6.8 to 7.4. pH of 'JbaJassia root l.ayer saapl.es was, on the vhol.e, 

soaewhat higher, ~ :tro. 7.0 to 7.9. 'lhere --7 be soae dissol.ut1.on of 

skel.etal. carbonates in 'JbaJassia secU..ents associated with lov pH in micro­

env1.ron.ents. Tayl.or and Lewis (1970) observed that soma of the coarse pa.r­

tic1es in 1ba' a-sia sed.1aents at fIabJ', Seychelles, have a "corroded" appear-

anca, and th1s lIaS noted for the :Barbados 1baJ assia sed1 ..... nts al.so. Vave 

d1.sturbed (rlppl.ed) subsurf'ace sed1JDents froa above the 'JbaJassia and 

Szrinœt1wa root l.ayers bad, as woul.d be expected, higb redox potent1al.s. 

Unr:Usturbed subsurf'ace sed'-ents and secUaents. of the Syr?"eM!ua root 

.': 

J 
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Table V. pH-Eh and bacterial characteristics of sediments. U = undetected. 

'IDDIIN1' nn LOOA?ION • NO. pH D IAOflRJA lly of II1nl_ M.l, vd "'l PLAn: 
( .. ) ADOBE AlfADOBI so...amUOIlG NlfftIfnHO NOrREDUCllG OOllNf 

IUIIVJIPAOI (1 - , .. ), 
V,,. DII1VIIIID .. Sl +2116, t'" 6 ~ ~ u ~ 

S.SI ~ , ,. u , ~ 1.2 z 10 

s.s, 7.7, 7.7 +252, +,02 

IUlIUM'ACI, NO' 
VA,. DIITVUID s.stt +212, +)81 5 5 , u 5 

\J\ 

7.', 7.~ ~ ~ 2 (2*) ~ ~ 
.. \Q 

1-15 0, +1" 2.7 z 10 

.. 56 7.6, 7.7, 7.7 -188, +l~, +271 5 5 .. , .. ,.1 x lJ .. ., 7.5, 7.7 

.. sa 7.6, 7.6 +"0, +~ 

1-" 7.~, 7.~, 7.5, -ua, -n" -no, 
7.7 -,a, +1'. 

IVlIUIIPAOI, 
6.5 110~ OOYIMD If s.110 6.5, 6., -l&', -10'1 .. .. 1 (1*) , , 

IW&oCIUIII 
ALOAI. "A? .. SU 7." 7.", 7.5 -n" -lU, -lU , 

I-SlI 6.~ -?It 

1-81' 6.6 

I-Sl~ -l,a 
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Table V -- Continued 

IIDMIt ,yn LOOAfIOli , 10. pH lb BAO'ERU '101 of aliOa -.lc n' -'1 PLAn 
(.) ADOBE AMARBE S04..mUOIIlO NI'fRIPTlIIO IIO,-RlDUOIIlO OOUM' 

!J!IIIOODIIIf 
MO' LAna 8-Sl5 -1,& 5 5 .. , 5 

11-116 5 It ,. , 4 .. 
,.1 z 10 

1-517 7.1, 7.1, 7.4 -I~, +151, +181 5 6 , 1 6 5.1t z 105 
+1,a .. 

I-s18 6." 7.1, 7.1 +105, +150 4 6 It u 6 1t.6 z 10 

I-Sl, 6." 7.', 7.1t -1'0, -168, -108, 5 5 , 1 , 2.7 z 105 ",; 

+187 0' 

1-820 7.1 -242 

1-821 6.8 

ftlALASSI! 
~, LATIR 8-822 -178, -172 5 5 , 1 5 

S.S2' -170, -158 6 6 5 u It 6 1.6 z 10 

S.uIt 6 5 ,. , 5 ,., z 106 

S.S25 0, +21, +It6, +7'J 5 , It U 6 
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'Table V. Concluded. 

IDJMDI' ftPI LOOAIJOII • NO. pH 

tRALAla! 8-S~ 7.~, 7.5, 7.' 
IIOOT una 

8-127 7.0, 7.5 

8-128 

8-82, '.5, 7.' 

8-S,O 7.' 
8-831 7.' 

.MIÜ. ""'-Inini p.ptoll, othlPl 01 "ÜIIa vith 
Ial.1. la •• " al 0811 "' ........ dolOl'. 

lb 
(.) ADOBE 

-157, -8 , 
-38 , 

.. 

~, 

BActlRU (lOI ot .w_ DO.ll nt vtl PLAtE 
AMADOU ~-III:IIUOJJ«l NJtRIrnNG NO,-UDUOIIG COUMt 

5 ~ 2 .. 2.5 z li 

7 , (2*) U 7 2." z 10' 

5 ~ u 5 

0\: 
1-' 
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layer vere hi.gh1y var1a.bl.e v1.th respect to Eh, aven w1.th1.n s1.ng1.e sed1.ment 

sa.mpl.es. Redox potent.1al.s of four of the f1.ve '1ha1ass1.a root layer sed1.­

ments exa-m1 ned vere negat1.ve. The Eh data and genera1 observat1.ons suggest 

that a reduced root layer l.s essent1.al for normal. davelopaent or good 

growth of Tbal.ass1.a. The one sample w1.'th pos1.t1.ve Eh vas from a stand of 

notabl.y poor growth (short leaves) of Thal.ass1.a. In areas where the sur-

face secU.ments vere vell aerated, the erect shoots and rh1.zoaes vere found 

vell belov the sed1.ment surface. At one area at Bath where wave act1.on and 

currents vere vgry strong and ThaJ.ass1.a vas grow1.ng 1.n a coarse sand sul>­

strate, I dug down approx1.ma:te1y 30 cm w1.thout encounter1.ng the erect shoot 

ap1.ces. Where the sed.1.ment vas un1.forml,y reduced close to the sed.1.ment sur­

face (1.nd1.cated by 1.ron su1f1.de format1.on at Bath), the top of the root lay-

er vas a1.so c10se to the sed1.ment surface. In s1.tuat1.ons where 'lbal.ass1.a 

vas observed grow1.ng 1.n a th1.n sed1.aent layer over the rubbl.e layer (such 

as stands B-12 and B-13 of Tabl.e In) or 1.n sand f1.lled crev1.ces 1.n rocks, 

both s1.tuat1.ons 1.n wh1.ch h1gbly reduced cond1.t1.ons coul.d not be ma1.nta1.ned, 

the leaves vere 1.nvar1.abl.y short, 1.nd1.cat1.ng 10v growth rates. S1m1]a.r1y 

1. t lIaS 0 bserved tba t wbere the underground parts of 'lbal.ass1.a had been par­

t1a.1l.y or vbo11y exposed by eros1.on of the substrate, the leaves vere vgry 

short, vhUe 1.n the adjacent uneroded areas, the leaves vere of nor.a1 

(longer) length. The occurrence of h1.gb Ps 1.n aF and cœ substrates a1.gbt 

be assoc1.ated 1.n part w1.th strongl.y reduc:1ng cond1.t1.ons 1.n these substrates. 

Eh observat1.ons vere not obta1ned. because of saapl.:1ng d1.ff1.cul.t1.es. Hovever, 

strong odor of su1.f'1de and the un1.f0nal.y bl.ackened and taclc;y' nature of sed.1.-

.enta 1.n aF substrate areas at Bath suggest that Eh 1.8 10v. Thalpss1.a and 

S~UJI appear to d1.ffer 1.n the1.r tolerances of ox1d1.z1.ng cond1. t1.ons 

about 1;he1.r erect shoots and rb1.zoJl8S. Thal.ss1.a rb1.zoJ18S vere never 
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o bserved on the sed1.ment surface except where they bad been exposed by ero-

sion. In contrast to tlüs, the apical. reg1.ons of S~ua rhizomes vere 

commonl.y observed 'c:reeping' over the substrate surface into grass-f'ree 

area.s. Eh data 1nd1.ca.te tb&t Syr1ngndtUJll rhizomes may occur in bath strong-

l.y reduced and well aerated sediments. ErosionaJ. sca.rps in the "'alassia 

beds provided excellent exposures of the underground parts of 1llal.ass1& and 

At an scarps observed in a.rea.s of a1xed 'lbaJass1& and. 

Syrinœttum stands, the S~um rh1.zomes and erect shoots occupied a 

1ayer of 10 to 20 cm thickness next to the sediment surface, wh11e the erect 

shoots and rhi.zomes of ,",aJassa occurred in a 1ayer extending f'rom just be-

10w or with1n the Syr1nf5od.!um root 1ayer down to the 1:ase of the scarp 

(wh1ch va.r1ed. in relief f'rom about 15 to 60 cm). Replacement of a 

SyrlnœttUil stand b.r a 1ba.l.assa stand appea.rs to invo1ve 1n1 t1a1 growth of 

'lhal.assia rh1zoaes be10v those of Syri neM1um, and subsequent growth of 

'IbaJassia rhi.zomes 1nto the S~um 1ayer. Ve1.sh (1965) re1ated the 

SyrinP'l""?!um-'lhal.ass1& successiona1 sequence to substrate stabUi ty. 'lhe re­

quirement of 'Jbalass1& for a stable substrate may in fact be a requirement 

for a reduced substrate. Possibly Syr1ngn9}um prepares the substrate for 

'lhaJ.a.ss1& co1.on1z&t1on b.r st1aul.at1ng deve10pment of reduclng conditions. 

D1.f'ferences between the sed1Jaent samp1es 1n the numbers &.~ proport1ons 

of va.r1ous pbysio1ogical. types of ba.cter1& were not pronounced, but there 

appe&r to have been generaJ.l.y higber nuabers of l:acter1a in the 'lha.l.ass1& 

roo't l.ayer secn.ents tb&n 1n other sed1Jaents. '!he nwabers of ba.cter1a in 

the 'lhal.assia root 1ayer sed..Uaents are of the saae order as the nwaber re­

ported by Burkho1der et a1.. (1959), J.7 x 106 , in a 'lba.la.ssia sed.1Jllent at 

Puerto Rico, and muabers reported by ilood (1959&), 6.8 x 105 to 6.5 x 106 • 

1n auds of Zostera beds. Euch 1arger nuabers of ba.cteria are found 
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associated w1.th l.eaves and detritus of 'Jbalassia above and on the sedhent 

surface. Burkhol.der et al.. (1959) reported 15 x 106 bacteria per gra.a of 

l.eaf t1.ssue, and Fenchel. (1970) reported numbers of 1 x 106 te 9 x 10
6 

per 

cra2 of deca.yi.ng Tba.lassia l.eaf -Ussue. For one sampl.e of l.eaves (incl.ud1ng 

6 2 
young and ol.d parts) I estimated a nuaber of 2.5 x 10 per cm by plate 

count. }f1n'mum number est1aates of aerobes using the mecU.U1Il of ZoBell and 

~ta. (1959) agreed w1.th est1mates b.T plate counts using the aed1.um of 

Burkhol.der et. al.. (1959). M1n1.mwa number estimates of aerobes vere gener-

a.l.l.y the sa.me as the m1n1mlm nwaber est.1mates of ana.erobes, suggest1ng that 

a 1arge propor"Uon of the anaerobes vere facul.ta.t.1ve anaerobes. ZoBell 

(1946b) found. tbat over 9o;C of the marine bacteria isol.at.ed from e1ther aer-

ob1c or anaerob1c plates vere facul.ta.t.1ve anaerobes. Abllity te respire us­

ing rdtrate as a ~gen accepter i.s cbaracter1st.1c of about .5OJC of lacteria 

i.sol..a.ted t'rom the sea (ZoBell, 1946b). Fever bacteria reduce rdtr1te 

(Listen, p. )01 in OppenheiJaer, 1968). In the anaerob1c cul.tures, disappear­

ance of the rdtrite produced b.T reduct.1on of nitrate occurred in onl.y the 

10vest d11ut.1ons (10-1 , 10-2) except for sa.apl.e B-S18 in vhich disappearance 

of nitrate occurred up te and incl.ud1ng the 10-5 d11u-Uon. 'lhJ.s ngbt. be due 

te ass1ll1l.a-Uon of rdtr1te (red.uct.1on te &aIIOniua) or te denitrif1ca-Uon (re­

duct.1on te ga.seous rd trogen coapoUDds). Hi tri.fyi.ng bacter1a vere ei ther 

present. in nuabers 1ess than 10/g or were not. detect.ed in 8 out. of 18 saapl.es 

inc1.ud1.ng t.vo sa.apl.es f'ro. well oxygeuated subsurface sed.1Daents. In .,st. 

of the cul.tures in which nitrite d1.d. appear, onl.y sJBl..l. aaounts were ev1dent. 

(at. about. four te seven days after 1nocal.a.t.1on), subsequent. disappearance of 

the rdtrite J.D:i1.ca-ted the presence of nitrite Oxjd1zers in .,8t. of tbe cul.­

tures. Re1a-Uve17 l..a.rge nuabers of sul.f'ate reducers vere detected in aJ.1 

saapl.es, inc1.ud1ng saapl.es fro. vell aerated subsurface sed'wents. 
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It 1.s not unusua1 to 1.so1&te n1.trlfy1.ng bacter1.a t'roll predoDdnant:Ly re­

ducing sed1ments or soUs (see for exam:p1.e. lCado1a. p. 2A4 1.n Oppenhe1.Jaer. 

1968, R1.Daudo. 19'70). It 1.s not understood. bowever. whl" n1.tr1.f1.ers vere 

not. 1.so1& ted froll SO lIIB.DY' of the saap1es. pa.rt.1.cul.arl.y those froll well aer­

ated sed1.ments. '!he weak nature of the posl:t1.ve tests for n1.tr1.te 1.n cul­

tures t'roll the other sed:1lllents suggests that. techn1.ca1 d.1.ff1.cul. ties vere in­

vol. ved. However. 1 t. 1.s al.so cons1.dered poss1. Ue tha t. production of sul.fur 

coapounds by 'lbal.ass1a and sul.fa te-reduc1.ng œcter1a coul.d l.ead. to a spora­

dic d1.str1.bation of n1.tr1.f1.ers in the ""'as81.& sed1.ments. Certain sul.fur 

collpounds 1nh1.b1.t. n1.tr1.f1.cat.1on when added. 1;0 soUs. Freder1.ck, Starkel"and 

Segal. (1957) bel.1.eved tbat. the tox1.d.t.y of .eth1.on1.ne to n1.tr1.f1ers 1.s asso-

ca ted vi th the eDd prodncts of sul.fur decoapos1. tion of th1.s compoUDd~ wh.1.ch 

are aethyl.th1.ol. and d.1.aethyl. sul.f1d.e ratber tba.n sulfate (or H~ under an­

aerob1.c coDd1. tions) as for JIIOst. other -sul.fur COIlpOÜnd.s. Wood (1965) was of 

the op1n1.on tbat the reduc1ng substances excreted by Zostera incl.ude dimethyl. 

sul.f'1d.e. or a s iml1ar compound. 

Qldte ol:w1ousl.y sul.fate redu~ were DOt active at the Eh, +2t16 and 

+337 JIl'I', of saapl.e S-51. Two phenoaena vh1.ch JI1.gbt account for the occur­

rence of l.arge nuabers of sul.:fate-red.uc1Dg ba.cter1a in th1.s saapl.e and S&m­

pl.e S-52 are (1) st.1.rr1.ng up of s edi aents f"rom deeper anaerob1.c l.al"ers. and 

(2) ex1.stence of reduced. a1.croenv1%onaents. Wood. (1959&) 1.sol.ated sul.fate 

reducers t'rom auds conta1 n 1 ng decay1ng Zostera (D -1:30 MY at. pH 5.9) but 

d.1d not 1.so1&te sulfa-te reducers from surface JIUd.s of pos1 tive Eh in reg1.ons 

of grow1ng Zos'tera. Vben w1nds caused st.1rr1ng up of d.ecay1ng Zostera, sul.-

fate reducers vere 1.sol.ated f'roa surface 1Ia1;er'. even tbougb oxygen was not 

depl.eted. Wood (1959b) attribated occw:zence of sulfate reducers and other 

str1ct anae:robes in surface 1Ia1;er' of Eh ~:30 MY to st1rr1n.g up of bot.tam auds. 
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Ev1.dence for the enstence of reduced microenvironaents v1.th1n well aerated 

seaLœents ~s presented be1ow. 

1be generaJ.l.y higb numbers of sul.:f'a te reducers ~ the 'lhaJ.assa sedi­

ments suggest tbat these l:acter1a are very active m these areas. '!he sul.­

fate reducers undoubted1y pl.ay a major ro1e U dei;erm1n1ng the pH-Eh chara.c-

f.erj.st1.cs of the 1ba1assia sediments. Presence of sul.:f'~de ~ 'lbal.a.ssa 

root 1a.yer sediJllents was 1ndJ.cated by odor of sul.:f'~de and blacken1.ng of the 

sed.hen t associa ted w1. th ferrous sul.:f'~de forma. tion. Ferrous sul.:f'~de wa.s ob-

served ~ the Eath 'lbal.assia sed.1Jlents, lut DOt iD sed.1Jlents of south coast 

1haJ.assia bed.sr 1~ck of ferrous su1fide ~ the latter ~s attr~buted ta a lack 

of Iron rather tba.n l.ack of sul.:f'ide (see be1ow). Sul.:f'~de may be of more a­

portance ~ the contro1 of Eh ~ sediments m wb:1ch iron 18 reasonab1.yabun-

dant than m iron-poor sediments because dissociation of iron sul.:f'ide woul.d 

tend to l::u:f'fer the su1f~de concentration m the presence of oxi.dizing agents. 

Al.l. Tbal.assia root 1a.yer sediment samp1es t'rom Eath smelled of sul.:f'ide. St. 

Lawrence sediment samp1es 5-510, S-515 and S-52J smelled strongJ.y of sul.:f'ide 

and bad correspond1ngJy 10w Eh vaJ.ues (n..b1.e V). However samp1e S-522, f'rom 

the '!ha.Jessia root layer, bad a 10w Eh but did not saell of sul.:f'1de. Activ-

l.ties ~ stü:f'ate-reducing l:acter1a are prol:ab1.y at 1east part1al.1y responsi-

b1.e for 10w pH under a.oaerobic condi.tions u 'l'baJassia bed sed.1aents. Pro-

ducUon of organi.c acids froa the 1nco~ete deCOllpOs1. tion of ce.rbohydra tes 

by l:acter1a other than sul.:f'ate reducers -'1' al.so contr1.bute ta 10wering of 

the pH UDder anaerobic condi tians. 

Onder ox1d1.z1ng cond.1t1.ons, iron ensts .1n1y as hJghly 1.n.so1ub1.e co1-

101.dal. or part.1culate ferri.c ~x1.de (or ~ ferr1c ox1.cie) wb1.ch 18 

un1.forlÙ.y d1.spersed throU8b the sed1aents. Under reduc1ng cond1.t1.ons, iron 

-.y becoae concentra ted tl:Jrousb d1.ff'usi.on of ferrous Iron to regions of h1.8b 
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sul.f1de concentration where 1t 1s prec1p1tated as ferrous sul.f1.de. Manganese 

may become concentrated through s1.11ar processes. Subsequent exposure of 

the ferrous suJ.f1.de, wh1.ch 1.s b1.ack 1.n co1or, to ox1.d1.z1.ng condi tions aay 

resu1 t 1.n an orange co1ora t1.on due to the presence of concentra. ted ferr1.c 

hydrox1de (Oppenheimer, 1960, 1966). Under certa1.n cond1t1.ons :pyrite (FeS2 ) 

1s f'ormed, but the mechan1.sms are controvers1al. (see for exampl.e, Berner, 

1962). macken1.ng of sedi.ments at Eath assoc1ated with iron sul.f1.de forma.­

tion COrre8plnded wi th wha. t vou1d be expected on the ba.sis of the occurrence 

of reducing cond1t1.ons as 1.nd1.cated by Eh measurements. Subsurface sed1ments j 

and sediments of the sm ngnd!wa root 1ayer vere mott1.ed 1.n appeara.nce 1nd1-

cat.1.ng non-u.n1.form reduct.1.on of the secU.ments. SecU.ments under Olue-green 

a1gal. mats vere un1.f'orml.y blackened, as vere sed.1ments of the 7hal.a.ss1a root 

1ayer. Beach sed1.Jaents and wave disturbed sed1JDents vere not d1.sco1ored. 

w1. th the exception of certa.1.n coarse grains. Surfaces of coral.-cora1l.1.ne &1-

gal. cobOle s1.zed debr1.s bur1.ed 1.n the sed1.ment vere often b1.ackened, and stJr-

faces of some unbur1ed cobOle s1zed debr1.s vere sta1.ned orange, suggesting 

prev10us bur1.a1 1.n reducing sed1.aentB. Coarse (over 0.3 mm d.1.a.aeter) sed1-

ment gra1.ns der1ved frolll the encrust1ng foraa1.n.1feran Homotrema rubrwa vere 

pecu1 1ar 1.n tbat, unl.1ke smal.l.er s1zed grains and IIOst other gra1.ns 1.n the 

coarse :fractions of the sediJlents, the b1.ack d1sco1orat.1.on wa.s not 10st men 

the grains vere exposed. to air or b1.eacb. About 8O.i' of the HOJlOtreaa grains 

reJlB.1ned 50 darkly sta'npd tbat t.bey coul.d DOt be recogn1.zed as sJœ1eta1 

carboDates v1:thout sect.1on.1.Dg. In th1.n sect.1on (see AppeDd.1x B for ..,tbods 

of exa·'nat.1.on of sec"Jl8nts) the cbaabers of the HoJlOtrema debr1.s vere ob­

serveci to be pacJœd w1.'th a black substance (Pl.ate In). DIe 501ubll1ty of 

th1.a substance 1.n ac1.d and the strong pos1.t1:9'e resu1t of a test for ferrous 

iron (red co1or of a sl.1gh~ ac1.d1.c test so1ut.1.on w1.'th 2.2'-b1:pyr1.dj.ne. 
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Fe1g1, 19.58) 1nd1cate the b1.ack substance 'MaS f'er:rous sul.f'1de. Pa.rt1al. 

bl.ack di.sco1orat1on of' b1.eached sediment grains derlved f'rom cora1s, rad. 

a1gae and Ha.l.1aeda vas &1so observed, but f'ev grains derlved f'rom molluscs, 

ech1noderms or other f'oram1n1f'era--in addi. tion to Homotrema, Rotorbine11a 

~, Amphistep.na f51.bbosa and Puteo1ina angu].a.ta vere abundant 1n these 

sediJllents-reta1ned &DY' b1.ack di.sco1oration. Patelles on the surf'aces of' 

some Ha.l.1meda grains vere sta1ned orange. 

A number of' vorkers have observed d1sco1oration of' ske1etal. carbonates 

associated vith iron su1f'ide f'ormation (see f'or examp1e, Kaik1.em, 1967; 

Macintyre, 1970). Emery and Rittenberg (1952) and Kap1an, Emery and 

Ri ttenberg (1963) observed pyr1 te partic1es having the shapes of radiol.ar1a. 

and foramin1f'era. To account f'or the occurrence of 1arge amounts of authi-

genic pyrite in oxid1.zing surface sediments (Emery and Rittenberg, 1952) and 

for su1f'ur 1sotope data wh1ch 1nd1cated the pyrite vas f'ormed f'rom a large 

p001 of' su1f'ate (ICap1an et &1., 1963), the se vorkers postul.a.ted that iron 

su1f'1de f'ormat1on takes p1ace ma1n1 y at the sed1ment-water interf"ace vith1n 

reduced microenv1ronments. Berner's (1969) d1.agenetic mode1s provide support 

f'or th1s hypothesis by show1ng tbat in sectlJaents of' 'high' reactive iron con­

wnt and 10v organic content, su1.f'ate rad.uction vith1n an orga.n1c rlch 1ayer 

or aic:roenv1ronsent wou1d 1ead to enrichment of the bounda.ry of' the 1ayer 

vith iron su1:f'1de. An arguaent f'or the initiation of su1:f'ate reduction vith­

in the HOJlOtreaa gra.1.ns 1Ih1l.e the grains vere still in externa.1l.y ox1d1.zing 

environaents 18 s1ap1y that 1t 18 cH:f'f1cu1t to tmderstaDd otherw1se hov suf'-

f1c1ent organ1c __ tter wou1d be preserved for the actirlties of' su1f'ate re­

ducers. 1he occurrence of large a.ounts of iron su1f'ide in the Ho.,treaa 

gra.1.ns seeas to 1JIp1y' eff1.c1ent use of the organ1c aa tter or' g1 naJ 1 Y present 

by a 1Bcter1al. popalat1on collposed -.1.nl.y or ent.ire1y of sul.f'ate reducers. 
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At Bath, Homotrema. graws ma.1nl.l' on the undersldes and in cav1.t1es of rocks 

in very turbul.ent areas seaward of the 'lbaJass1.a beds. When the tests are 

broken off from the1.r substrates, thel' must remain in an oxld1.zing env1.ron-

ment for a re1ativel.y l.ong per1.od.. Unl.ess sul.:f'a te reduction were 1n1. t1a ted 

soon after death of the orga.n1sm, lt seems l.1.kel.l' that other bacter1.a woul.d 

consume most of the orga.n1.c matter present. These conslderatlo~ suggest 

that the occurrence of large numbers of sulfate reducers in well aerated sur-

face sed1.meJits of the 'Dlal.assia bed.s mal' have been assoc1.ated with activ1.ty 

of tbese bacteria in reduced m1.croenvironments in skeletal. carbonates. 

The 1ack of iron sul.f1.de in 'lbal.assia sed1.ments a t St. Lawrence and in 

other 'IllaJassia beds on the south coast of Barbados must be attributed ta a 

l.ack of iron ra ther tban a 1ack of sul.f1.de. The l.ow Eh, <;»dor of sul.flde, and 

large numbers of sul.:f'ate reducers in some of the St. Lawrence se<U.ments 1nd1.-

cate sulfate reducers were active in these sed1.ments. 1here 1.s no reason to 

bel.leve tbat bacter1al. pro cesses in the south coast lbalass1.a beds are funda-

mental.l.y d1.fferent from those in the Bath 1hal.assia beds. Kapl.an et al.. 

(1963) considered tbat of the three poss1.bl.e sources of iron, sea water, mar-

!.ne organ1.c Jl&tter and detrlta.l. m1.neral.s, onl.y the 1ast coul.d be a major 

source of iron for 1.ron sul.f1de forma. tion. Kaplan and R1.ttenberg (1963) re-

marked that the total.. amount of iron ava1.l.ab1.e 111&)' be iaportant in detera1.n-

1.ng the col.or of marine sectlJaents, and suggested that h1gb 1.ron content woul.d 

be expected in areas subject t.o runoff and, perhape, in a.reas witb a h1.gh con-

tent of vol.can1c rocks. Righ iron content of the Bath sed..1aents aa)' be assoc-

1.ated with the occurrence of vol.can1.c asb deposlts 1.n th1.s area. At 

Carr1.acou, an lsl.aDd of vol.can1c or1g1n, bl.aclœn1.ng of sed1.Jaents wa.s ob6erv­

ed in 1ba'essia beds 1.n near-shore areas, wbere tbere vere large a..ounts of 

de tri. ta.l. Idneral.s in the sedblents J a t 200 ta 300 • offshore, where the 
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eec!'wenta consi.stecl predoa1riant17 of sIœ1etaJ. carbouates (Appmd1x B). black­

en1ng of sed1aents in Tbal.ass1a beds vas not Obseryed. ' Thws. wtdl.e the pres­

ence of :t'errows sul.f'1de in Thal_ss1a bed sed'wenta -'7 ~cate red.uciDg con­

cHt1ons. 1ta absence in Tbal.&ss1a 1aed sed1.aents appears to 1Dd.1.cate a spa.rc1-

ty of' Uon. rather tban ox1d1.s1Dg CODd1.t1.ODS. Th1.s 1.8 an 1.aportant poiDt œ­

cause the occU%xence of reduc1Dg CODd1.t1.0DS iD near shore areaa 1.8 frequent1.7 

infeX"X"ed fl:O. caauaJ. observat1.ons on the occurrence of :t'erJ:Ous suJ.f'1d.e. 

Cons1d.èza:t1ons of Supp1l and de.and 

Est1.a&tes of the D1.tl:OgeD and pbospborws requ1red :t'or 1ea:f' grovth (aboye 

grollDll parts 01117) and the A.cnmta of n1.tJ:OgeD and pbosphorua aY&11&b1.e iD 

the l:'OOt l.ayer _re ade :t'or staDd. 11-9 (Fig. Sel). Zn terllS of' Ps aDd p •• 

tb1.s stand vas JIOre or 1ess typ1ca1 of staDda obserYed At Barbados and 

Ca%r1acou (AppeDd1.x B). 

The a.ounts of nJ. trogen and phospborua requ1.red :t'or 1~ growtb were 

est1.a&tecl b.r II1Il.t1p1)"1ng the estbate of' p •• 3.1 g/.2 per da:y. b.r the Y&l.ues 

of' D1.trogen 8Dd. phospboX"us gi'YeD :t'or th1.a JAiX::pose prerious17. 1.e. b.r 2.3C If 

&Dd 0.3 x 2.'-' If :t'or _X'RtIJI and a1n1.RtIJI estbates o:t' D1.~ requ1reaenta. 

and b.r o.~ P aud 0.3 x o.~ P :t'or _rt.,. aud a1Di.aua est1.a&tes of' pbospbor-

1115 requ1.reaenta. Tbe 'Y01u.e o:t' the X'OOt l.a:yer .... _t~ted as 121 1/,.2. B:y 

dr71Ds of' .ecu .... t 8&IIp1- of' ~1111 'Y01u.e &Dd vet _1gbt. one 11 ter of' the 

l:'OOt l.a78r - _tbated to CODta1n 490 ~ 1nteX"st1.t1&1 ... ter &DI!. 1140 g drr 

1ft ""'""I1t, tbeee _t1aates are 1IIlcorrected :t'or the 'Y01 ... occup1.ecl b.r plaDt 

t1.aeuM. bat A roap estbate 1Dd1.cates th1.a .... 1_ tbaD 2,c of' the X"OOt 

~ 'Y01 .... AYeZap concenLzat1.oaa of' pbospbate and &IœOD1.ua iD tbe 1nter-

at1.t1&1 ... ter vere estbated b.r 1Jrt.eszat1.on of' the pro:tUes iD Fig. 54. The 

A'YeX'&ge eoaoentrat101l of' lIBf.-Jr iD tbe iDteX"st1t1&1 ... ter of' tbe root l.a,-er 

-- esU.ated as 6.1 pg-at/1, th1.a 1apU.ea (Fig. 1) an A'Y8Z'&p of' 

~ ... 
" .. ~ ... 
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approx1Jlate1y 170 pg-at extrac1;a'bl.e mr,.--/kg c1r7 wt secU.llent. AV&U.ab1.e 

phosphate vas asaUlleCl 1;0 be 21) pg~t/kg dr7 lit sedJ.aent (the 1;otal. of 28 

extractions of s.u..ent A. ftg. 8). '1'hese ~ues vere converted 1;0 1;otal. 

&IIOUDts in the root lAyer. Average quauU.ti.es of DU~eJ1ta in the aea ... ter 

are based on 14 obeenations in 'the ...... 8_ia becla (Tab1.e VI). The estt.ates 

• requ1red for 1ea.:t' growtlu 

p requ1red for 1ea:f' growtbl 

'l'otal. interstit1al. 1IILter 
~ -lf 1n root l.ayer. 

'l'otal. interstit1al. water 
P04 -P 1n root l.ayer. 

Total. extractab1.e mr,.-J( 
iD root lAyer. 

Tota1. ayaUab1.e ro".-P 
in root l.a;rer. 

21 1;0 71 -«/.2 per clay 

0.9 1;0 ).1 ag/.2 per day 

Thus i t la _t1aated. that 1n the root l.a78r or tid.s staud tbere _ suf'fic­

lent pboepba:te tG ... ~ req~ of 1~ srowtb for)OO tG 1000 daJ'll. 

lIb1l.e the total. &JIIIOIliua ... suU'1c1.eat 1;0 sat1at':r zeq~ts of 1-.f 

growtb for 0Dl.:r S tG IS cIa~. ft1z&te ... p:elJeDt iD 0Dl.:r a.aJ.l. quantit1es 

1n the root l.a;rer of th1a staDd (Pi«. 54 aDIl 'l"a'bl.e D). beIlce 1nc1us1on of 

nitrate as a source of Di'trofJeD waald DOt s1piflcant1y &1ter tbese est1aates. 

At the a..-.zage CODCeDtrati0D8 of JIII1z1eD1;a 1n "tbe se& ... ter. the iDorgaDic 

nitzogau woa14 baYe 1;0 be ~ z&"hecl ~ S .) of .... water 1;0 sat-

1at.'r ODe cJay·s ~ of "f"ba1'ssJ.a 1 ..... for niLzQ68ll lut the 
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Tab1e VI. Nutrients in surface sea water at Barbados. 
U = undetected. 

() 
LOCATIOJ( D&ft 

1. VAftIl D 'lJW.&SSU BDS 

Batis JII.T 7 '68 0.08 o.~ 0.18 

Batis, 1DAo_--C1ft JII.T 7 '68 0.21 0.47 0.08 
d_~ __ " 

Batis JIoy 7 '68 V 0.10 1.70 

Ba'tb JIoy 21 '68 

0630 br v v V 

0800 v o.'" 0.21 

1000 V 0.62 V 

1200 5.00 V 0.11 

1430 v v v 

17,0 v u v 
ft. 1& ___ 

D_ 23 ,~ 0.,2 0.28 0.10 

ft.~_ 
AD l' '70 0.88 v 0.17 

01lftu _ AD 21 '70 0.70 0.81 v 

II&~ "- 28 '70 1.00 0.57 0.11 

ft.~_ Pel! 26 '70 o.,a o.» 0.18 

Sead~l91V. 0.06-." 0.15 0.05 
0.02""2 

A-.-pl 0.70 0.,0 0.20 

2. wa:r COAST " ~ ,a ..-pl_ 1:ak-. P.~ 

DIIDœ .Ial.7 'QI - "- '10. 0.80 0.06 (.--1 
"-- ......... (0.08 -,.16) CU -0.12) eo~_'t1oD. 

lm) 

,. 1DS'f OO&ST " ·,·'vos" ,a 8Ulp1_ 1:ak-. --.. ---10 _ 15 Jal QI' Dee '61 _ 11ft- 's. .. 0.25 0.12 ...~. (1~) 
, .... aDII~: , V -1."2) (V -0.68) 
'\ 

112 8Ulp1_~ ~ ... ----... ," -av ,~ .. o ..... 1.,0 0.06 ......... ............. CG.05 -2.110) CU -,.21) (u -o.,,) (_ .. 1~) 
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inorgatûc phosphorus woul.d bave ta be removed from only 0.5 ..? to suppl.y 

the phosphorus requ1.red for one day's growth (or f'rom 1.5 m3 for n1. trogen 

and from 0.15 ~ for phosIhorus assuming the minimum es'Umates of reqtrl.re­

ments)~ ~ese suppl.y-d.emand. compa.r1.sons 1.llustrate why n1.trogen rather than 

phosphorus 1.s 1.1.m1. t1.ng growth of 'lbalassia. In ma.Idng these compar1.sons, 1. t 

:1s assumed that a cl.osed system eJd.sts w1:th respect ta the n1.trogen and. 

phosphorus of underground parts, 1..e. tbat upta.ke of ni. trogen and. phosphorus 

forsynthes:1s of: underground parts 1.s 1:aJ.anced by regenerat10n of: n1.trogen 

and phosphorus a.ccompanying decompos1t1.on of underground. parts. 

~e good correl.a tion of: P s rl th 1.ntersti t1al. ammon1.um 1nd.1.cates tha t 

virtua.l.l.y al.J. n1.trogen for growth comes f:rom the sediments, and al.so that a 

steady state must eJd.st rlth respect ta the ni.trogen statua of: the secUments. 

'lbe correl.a t1.on of: P s rl th rlrl.zome wa ter sol.ubl.e phosphate 1nd1.ca. tes tba. t 

s1gr:d:f'1.cant amounts of phosphate are tàlœn up from the sediments for l.eaf' 

growth. :rt 1.s apparent from the above cons1.d.era.t1ons. however, tbat day ta 

day repl.en1.shment of: the phosphorus rellllOved from the sediments 1.6 far l.ess 

cr1.t.1.cal. than for n1.trogen. Holf 1.s the ni.trogen statua of: the sediments 

ma1.ntained? :rs the phospborus statua of the secU.ments ma1.nta.1.ned, or 1.s 

there a stead,y decl.1.ne 1.n the reserves of pbospborus 1.n the sed1.aenta? 

'lbere i.s no poss1.b1.l.1.ty of an eff1.c1ent rec1rcuJ.a.t1on of nutr1ents. Growth 

of: cal.ca.reous ep1.PlTtes on the l.ea.ves resul. ta 1.n conti nuaJ f:ragzaenta. t10n of 

ol.d parts of: the l.eaves 1.nta small pieces (Appendix A), BOst of wh1.ch are h­

aed1ate1y ca.rr1.ed away 1.n the water. 1he env1ron.enta 1.n wh1.ch 'lbaJ ass1.a 

grows 1.n Barbados are Sbal.l.Olf, rel.a.t.1.vel.y h1gb wave energr emr1roDJl8nts IlOt 

favorab1.e to accu.Ùation of orpn1.c aatter on the secUaent surface or 1.n 

the r;ed1wen ts. ~ root l.ayer .. y Ue vell bel.ov the sed1 ... nt surfacel even 

assua1ng tbat nutrlents vere taJœn -up a t the sec1' -eut surface by b1ocbeJl1.cal. 

---- --------------

.~ 
, 
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or phys1.ca1-chem1.ca1 pro cesses • the nutr1.ent prof11es (F1.g. 5) are 1arge1y 

incons1.8tent, aven quaJ.i.iati.ve1y. v1.tb a d1.ffus1on process froa the sed1lllent 

surface into the root :Layer. Assuming a d1.ffus1on coeff1.c1.ent of 

2 x 10-5 CJI12sec-1 (an approx1.aa.te val.ue for sea wa,ter, Sverdrup, Johnson 

and F1eming, 1942), then gradj.ents of the order of 300 pg-at '8/1 per cm and 

6 pg-at P/1 per cm are pred1.cted by' F1.ck·s Law to account for the flux of 

ni trogen and phospborus by' s1lllp1e diffus1.on. 0l7.r1ous1y there cannot be s1.g­

n1f1.cant movement of nitrogen and phosphorus into the root :Layer b;y s1mp1e 

d1.ffus1.on. 

'lbe follow1.ng WO cons:1derati.ons suggest that crystaJl'ne phosphate in 

the sed1.ments cou1d not be a .. jor source of phosphorus for 'lbaJasSial 

(1) 1.t appea.rs 11.ke1y tbat JIIOst of the crys1al.l.1.ne phosphate in the sediments 

1s occ1uded v1.th1.n ske1eta1 carbona'tes. and thus 1.s not ava11alile to go into 

so1ution, (2) aven if tbere were crysta11ine phosphate (apat1.te) in contact 

with the interstit1a1. wa,'ter, 1t 15 unl.1Jœ1y that disso1uUon of this cou1d 

occur at a rate approa.cb1.ng the rate at wh1.ch phosphate 1s talœn up by 

'Iba'essia. Occ1uded phosphate cou1d beCOJRe ava1.1ab1e onl.y tbrough d1sso1u­

tion of the ske1eta1 carbona:tes. Cal.c1.ua carbonate 1.8 unaffected by Eh. De-

creased pH of the intersti.t1a1. waters or v1.th1n adcroenvironments aight cause 

some d1.sso1ution of ca1c1.ua carbonate, but 1.t 1.8 ol7.r1.ous tha.t l.arge sca1e 

d1.sso1ution of the sed1.aents coul.d not occur. Further, 1. t shou1d be noted 

tba. t the affect of production of b1.carbona te by sulfa°te_reducing ba.cteria 1.5 

to oppose d1.sso1uUon of cal..c1u:a carboDIL'te assoc1ated 1I'1.th 10wered pH. Crys­

+alUne pbospbate in contact 1I'1.tb the interstit1.al. 1œ.ter woul.d tend to go 1.n­

to so1ution as phospba1e 1I8S re.aved fro. the 1.nterst1.t1a1. water by 'lhalassia 

1.n accordance 11'1. th the equ1l.1br1ua 
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However, because of the s1.ow rate at wh1.ch apatite d.1sso1.ves, l.t seeas un-

1.1.Iœ1.y tbat the observed 1.eve1.s of interstlt1aJ. water phosphate cou1d be 

ma1.nta1ned w the secU.ments by th1s mecha.n1.sm, given rates of removal. equal. 

ta the reqlÜrements of ~assla. ihe above supp1y-demand estimates :1nd1.-

cate that for stand B-9 wtersti tla.1 water phosphate wou1d have ta be renew­

ed every 13 ta 45 hours ta sa. tlsfy the reqtürements of ,",a' asala. Accord.-

1ng ta Roberson's (1966) data on the so1.ub1l.1ty of apat1tes w sea water, 

at pH 7.5 and caJ..clUJ1l 10n concentratlon 1.2 x 10-211, the equ.1l.1.br1.um concen­

tratlon of phosphate ls approximate1y 1 pg-at/1.. 'lb1.s concentration 1.8 of 

the sa.me order as the concentratlons of phosphate w the root 1.ayer wter­

stitia1. water of stand. ~9 (Flg. 5d). 'Jhus if crysta1l.1.ne phosphate were ta 

go wta s01ution at a rate equal. ta upta.ke of phosphate by ,",aJasaia, th1.s 

Ülpl.1.es an equ1.11.bra.tion per1.od of the order of 13 ta 45 hours. If the cal.-

clum 10n concentration ls depressed in the 'lbal.a.ssia bed interstlt1a1. waters, 

then the equ1.l.1.br1.wa concentration of phosphate migbt be much higber. How­

ever, even w systems grea.tl.y undersatura.ted with respect ta apatite, disso-

1.ution of .apatite 1.8 extreme1.y s10w. In exper1menta1 soU systems at pH 4.4 

ta 5, Mtuzmann and Peech (1969b) found no slgn1.flcant wcrease in l.a.bUe and 

s01ubl.e phosphate or1g1nating from added hydroxyapa.tite after a WO JIIOnth 

per1.od (JO minutes st.1rr1ng par da,,). Roberson (1966) used a two week equU-

1bration per10d for study1.ng so1.ub111ty of apatites w sea water at 1n1t1a1. 

pH 2.8 and 3.5 (contimJ8' Id:dng). In terrestr1al. systeas, mob1l.1za.t1on of 

non-.ob11e phosJlbate 1.8 not cons1dered to constitute a slgn1.flcant source 

of phosphate for the current growing season (Sutton and Gunary, 1969). 1he 

s1gn1flca.nce of phosphate re1.eased fro. the crystal.l.1ne phase depends on 1;be 

net rate of reaoval. of phosphorus froa the systea. In nearl.y c10sed syste.s, 

even a very s1.ow rate of re1.ease of phosphate fro. the crystaJ l1ne phase lI&y 
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be cr1.tical. to mainta1n1ng the phosphorus status of the soUs over 10ng per-

10ds of the. Cropping of 'Dlal.as;ia 1eaves may be cons1dered 10Q( eff1c1ent. 

1hus for d1sso1ution of. crysta111ne phospba-tes to contri'b1te s1gn1f1cantJ.y 

to the supp1y of phosphate for 'lbal assla, even over 10ng perlods of t.1me, the 

rate of formation of interstit.1a1 water phospba-te vou1d bave to approach the 

rate of use by D1al.assia. 1t 18 conc1uded tbat th1s does not occur, even un-

der condi. tions of su1fa te reduct1on. 

'lhat there vas not l.arge sca1e net reJDOva1 of phosphate from these sed1-

ments 18 suggested b,y the fact tbat the HC1 so1ubl.e phosphate va1ues of the 

root l8yer secU.aents vere not 1over, or vere on1y s11ghtJ.y 1over, than the 

Hel. so1ubl.e phosphate va1ues of the surface sed1aents of the same stands 

(~bl.e IV. the surface sed.1Jlent of stand B-2 and the root l8yer sediment of 

staDd B-1 .ay be coapa.red in tb1s respect as tbese vere adjacent stands). In 

fact the anoaal.ous1y h1.gh val.ue of the saap1e froa the root l8yer of stand 

B-15 sugg8sts that there .ay bave been a net depos1tion of phosphate in the 

root l8yer of tb1s stand. 

'lbtse conc1.uslons are in apparent contradiction to the evidence of the 

Ps -rh1.zoae vater 801ubl.e phosphate correl8tion that s1gn1.f'1cant a.ounts of 

pbosphate are tidten up froa the secH..ents by "Jhal.ass1a. 'lhere 1s no reason 

to suppose that 'lbaJase1a lIOu1d not talœ up s1.gn1t'1cant a.ounts of phosphate 

froa the interstit.1a.1. water, given the ab11i.ty of the pl.ant to do 80. the fre­

quentl.7 negU.g1bl.e quantities of pbosphate in the sea water ('!able VI) and 

quan't.1:t1es of phosphate in the interstit.1al. vater averag1.ng appron.a.te1.7 

0.1 pg-at/1. 'Dle absence of equiva1ent rates of renewal. of the interstit.1a.1. 

vater pbosphate aDd. adsorbed pbosphate voul.d be expected to resu1t in dep1e­

tion of pboaphate in the sed1 wm1:s, or at 1east in int.erstit.1a1 vater pbos­

pba'te concentrations DOt apprec1abl.7 abave the concentrations in se& water. 
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'Düs was DOt. the case. Acco.oda.t1on of ti1ese appa.rentJ.y contradi.ctory or m­

coapaUbl.e concl.us1.ons -.y He 1.n tbe suggest.1.on of McRoy and Barsdate (1970) 

tbat. "seagra.ss may ••• act. as a source or s1.nk of cU.sso1ved phosphate 1.n es­

tuar1.ne waters." 1h1.s suggestion 1IBS 1Bsed on the observaUon that. 5O.e of 

the 32p taken up b,y r001:s of Zo8teza was excret.ed b,y the 1eaves, and v1.ce 

versa, tbat. 5O.e of the 32p taIœn uP br the 1eaves was excret.ed b,y the roots. 

McRoy and Barsdate (19'70) bel.1eYecl that the s1.te of phosIJbate uptake m s1.t.u 

voul.d be determ1.ned b,y the re1aU"e concentrat.1.ons· of phosphate 1.n the sea 

va.ter and 1.ntersUt.1aJ. va:ter. For the Barbados ibal.ass1.& beds, the a1.d root. 

1ayer 1.ntersUt.1aJ. va.ter pbospba:t;e conC8ntrat1.ons averaged 0.7.3 )lg-at./l., the 

average concentraUon m the ses. va1:er vas 0.20 pg-at./l.. 1I1e a1.n1.lIIwa va1ue 

of the m1.d root. 1a;yer 1.nterst1:t1a1 water vas 0.27 pg-at./1, and the -.x1.aua 

va1ue was 1.04 )1g-at./1, wblle 1;be _7'1-,. vaJ.ue observed m the sea va.ter was 

1.70 J18-at./1. 'lbus, at. certa1n -u.es, 1.t. .. y requ1.re 1ess expend1.ture of en­

ergr to take up phosphate fro. 1;be sea. vater tban fro. the 1.ntersUt.1al. vatel::. 

1he Ps-rh1.zoae vater 501ub1.e pIIospba.te corre1aUon 1..nd1.cates tbat. .ost. pl..ants 

vere tak1ng up s1.gn1.:r1.cant a.oun'ts of phosphate fro. the 1ntersUt1aJ. va.ter 

dur1.ng the per1.od of .ost. acU'Ye pbo1;osyn'tbes1.s. Perbaps phosphate 1.8 re­

turned to the sed1.Jlents dur1.ng darlmess, or at. an;y u.e tbat. pbospbate con­

centra:t1ons 1.n sea vater are h1.sb and pbospbate 1.8 taken up 1.n excess of de­

-.m.. 1he ""'aas1.&-eaec!1 wmt pbospllate s~te. a1.gbt tbus be represented as 

ApaU Uc P ~ Interst.1. t1al. P ~ Adsorbed P 

1l 
"".-81& ~ Sea vater P 

A ~te. 1.n wb.1.cb phos}lbate 1.s both taJœn up froa and returDecl to the sed1.­

aents b.T ""'.-s1.&. coupl.ed v1th i.nterst.1.Ual. pbospbate-a.daorbed pbospba:t;e 
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react1.ons in the sed.1.ments, mal" ensure that there ls al.ways an adequate su:p­

p1y of phosphate for 'lba1assia when 1.t ls in greatest demande '!hus al.thougb 

the sed1.ments may not be a pr1..mary source of phosphate for 'lhaJ.assia, they 

may funct1.on as a sort of storage ba.nk for phosphate. 

'!here seems to be no way to account for maintenance of the ni trogen 

statua of the sed.1.ments other than by postul.a.t1ng h1.gh rates of N2 f1xa.t1.on. 

Var1.ous cons1.derat1.ons suggest tbat N2 f1.xat1.on by heterotroplüc ana.erobic 

bacteria in the sed.1.ments 1.s in fa ct the source of ni trogen for '1hal.assla. 

Large amounts of nitrogen are present in sea water in dissol.ved gaseous 

forme At 2SOC and 18 0/00 ch1or1.n1.ty, N2 saturat1.on :1s approx1.mate1y 11 mg/1 

(Sverdrup et &1., 1942). Diss01ved N2 undoubtedl.y entera the sediment both 

through s1.mp1e dJ.ffuslon and via the 1acunal. system of 1hal.ass1.a. rt ls per-

tinent that a reduced root 1ayer appears to be essent1.al. for normal. deve10:p­

.ent of """-lassa and that the maJd.mum concentrat1.on of 1.nteratit1al. water 

alRlllonlum occurred well be10w the secU.ment surface in those stands where the 

top of the root l.ayer was well be10w the sed1.ment surface (Flg. Sa, dl. Of­

tan Thal assia sediments are reduced to w1. th1.n a few m1.ll1meters of the sedi-

JDent surface. '1hus 1.f N2 f1xa.t1.on 1.s the source of nitrogen 1.n the sed1.ments, 

then 1.t seeJDS 11ke1y that a heterotrophi.c ana.erobe 1.s inv01ved. A nwaber of 

workers have 1.sol.ated 112-f1x1ng Azotobacter and C1ostr1.d1.wa f'roll JII8.rl.ne 

sources (rev1.ewed b.Y Vaksaan, Hotchk1ss and Carey, 19JJJ ZoBell, 1946b). 

S1.s1er and ZoBell's (1951) cl.&1a that 80118 strains of ma.r1.ne Desul.fovlbr1o 

f1.x 112 bas bean ver1:f'1.ed by severa]. stucHes (LeGall., Senez and P1.chnoty, 

1959r R1.ederer-Henderson and VUson, 1910. Postgate, 1970). In add1.t1.on to 

tbese genera, tbere 1.s erl.dence for N'2 fixation b.Y IM.bers of at 1east 12 

0ti1e:r bact.er1al. genera, and .,.;t of these f1.x 112 UDder anaerob1c conditions 

(S teliBrt , 1969). 'lhere 1.s tben, DO reason to belleve tbat H'2 fixation 1.n 
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Tba'aee1a eed1.aents vou1d be l.iJdted by a 1ack of eu1.tab1.e orga.n.1sme. Lack 

of organ1.c matter 1.e belleved to be the main factor l.1.mi. tj.ng N
2 

f1.xa t1.on by 

heterotroplüc bacter1a in terreetr1a1. systems (Stewart, 1969). Reported -ef­

f1.clenclee of fixation- by Cl.ostr1.d1.ma, a str1.ct anaerobe, vary from 2 to 

27 mg N2 f1xed par gram carbo~ 'te utillzed. Assum1.ng an ef'flclency of 

27 mg N2fg carbo~te. and requ1.reaents of 1baJ.ass1a for n1.trogen equa1~ to 

2.3% N t1aes production. then in order for heterotroph1.c N2 f1x1.ng œ.cter1a 

to eupp1y euf'f1.c1.ent n1.trogen to eat1.efy demande of 1baJ.aes1a, carbobydrate 

vou1d have to be supp11.ed to these bacter1a at a rate approx1ma'te1y equal. to 

the ra te of product1.on of 1eaf' t1.eeue orga.n1.c ma. t'ter. Two poe8.1. b1.e sources 

of th1.e Jl8.ter1aJ. are (1) orga.n1.c .. t'ter of underground parts, and (2) organ-

lc matter excreted by 1bal.ase1a. P.rod.uct1.on of' underground parts of' 

Tba'ass1a le est1.mated to oceur at ra'tes equal. to 1/3 to 1.5 t1mee the rates 

of product1.on of 1eaf' t1.eeue above ground (Appendix A). Stud1.es by Vetze1 

(1969) 1nd1.ca 'te tba t the fresh wa. ter ang10sperm !!:al!!:!. aay excre'te organ1c 

carbon at ra'tes equal. to those of net f1.xat1.on of' carbon by th1.e pl.ant. 

Unt1.1 recentJ.y 1.t was genera1l.y aseuaed tbat there cou1d not be e1.gn1.f1.-

cant N2 f1.xation under ana.erob1c cond1.t1.ons becauee of the 1nefflelent use of' 

energy eubetra-tee UDder anaeroblc coDd1.tione. Hovever stud1.es by Chang and 

XDowl.ee (1965) and Brouzes, La.s1.k and. Knov1es (1969) on the incorporatlon of 

1~2 in so1.1 saapl.es UDder both aerob1c and anaeroblc coDd1. tions pobt to s1.g­

n1.f'1.cantJ.y greater N2 f1.xat1.on UDder anaerob1c coDd1. t1.ons than under aeroble 

cond1.tions. Brouzee et &1. {1969} euggested tbat the reason f'or th1.e -.y be 

that tbere 1.e 1ess COapetit1.0D for energy subetrates under &DaerOb1c coDd1.-

t1.ous. Erl.dence presented 1.n th1.e tbes1.e 1.Dd1.ca'tes that a reduced root 1ay­

sr 1.e esaent1al. for noraa1 deve10paent or good grovth of 'lbp.J ese1a. th1.e ... y 
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Very U:ttl.e 1.s known concern1ng the quantitat1.ve s1.gn1.f'1.cance of H2 fix­

at1.on b,y free-11.v1.ng organ1.sms. 'lh1.s 1.8 1argely attr1.butaliLe to 1ack of con­

veni.ent metbods for measur1.ng N2 fixat1.on in f1.e1d systems. Measurement of 

N2 fixation 1.n f1.e1d systems 1.n the past bas been based -.1nl.y on two meth­

ods 1 (1) d.etera1na t1.on of ni. trogen ga1.ns 1.n a sys tem b,y Kje1dahl. ana1ys1.s. 

and. (2) measurement of 1.ncorporat1.on of 15N2 1.nto sampl.es taken from the 

f1.e1d. '!he f1.rst mEithod suffers froa a 1ack of sens1. tiv1. ty, measures gains 

of ni. trogen from a11 sources, and measures onl.y net ga1.ns of. ni. trogen. '!he 

second method. bas had on1y l.bd.ted app11.ca.tion beca.use of the comp1ex1.ty and 

expense invo1ved. '!he recent deve10pment of the acety1ene-etbyl.ene assay 

for N2 fixation bas made the measureaent of N2 fixation in f1.e1d and ~ti­

f1.c1al. systems re1at1.vely s1.ap1.e and 1nexpens1.ve. '!he methodo1ogy, charac­

ter1.st1.cs and appU.ca.tions of th1.s tecbn1.que are g1.ven 1.n deta1.1 b,y Hardy et 

a1. (1968). '!he assay 1.8 based on the ni.trogenase cata1ysed reduction of 

acety1ene to etby1ene. An opportun1.ty for assay1.ng N2 fixat1.on 1.n 'lhal.ass1.a 

sed1.aents by th1.s techn1.que vas Id.ndl.y prov1ded. by Dr. Roger Know1es of the 

Departaent of H1.crob1.o1ogy, Macd.ona1d College of McG1.ll Un1vers1.ty. Dr. 

KDo1fl.es bas used th1.s techn1.que 1.n the assay of N2 fixation 1.n a.gricuJ. tura.l. 

and. forest so1.1s. 

Saap1es of 1balas s1a root 1ayer sediments vere obta1.ned. f'roa a 1.bal.ass1.a 

bed. at Fort St. Catherine, Berauda., on August JO. 1970, and taken to 
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Macd.onaJ.d College on +lie same day. 'lbe 'FbaJ ass1a bed J.n wh1.ch sampl.1.ng 1I8.S 

carr1.ed out 1I8.S se1ected. beca.use dense growth and 10ng 1engtb of the 'lbal.ass1a 

1eaves 1ndi.ca ted h1gb ra tes of production. '!b1.s bed liaS sballow (about 1 m 

be10w 10w wa ter) and was subject to gentJ.e wave acti.on a t the ti.me of sam-

p11.ng. 'lbe sed1ments were un1:f'orml.y reduced w1. tIûn a few m:1l.l.1.meters of the 

secliment surface (incU.cated by FaS formati.on), and cons1.sted predom.1nantJ.y 

of sand s:1zed sIœ1eta1 carbonates. 'lbe su bs tra te 1.s cJ.ass1.f'1.ed as a PS type. 

'!he top of the root 1ayer was approx1.ma te1y 4 cm be10M' the sed1men t surface, 

and extended 22 to 30 cm be10w the sed1.ment surface. 'lbe root 1ayer over1ay 

1ayers of sed1.ment 1.n wh1.eb there occurred 1arge amounts of dead, 1arge1y 

undecomposed, rh1.zome ti.ssue. There were few 1.nfa\UlB.1 orga.ni.sms, and except 

for the occas1.onal. sponge, the sed1.ment surface was bare of ep1.f'auna. Pro-

duct1.on of the stand was esUmated f'rom data obta1.ned by d1.rect measurement 

of the growth of 1eaves. Deta1.1s of these measureaents, and estimates of the 

underground production are 1.nc1uded J.n Append1.x A. 

Sectl.ment samples from the 'IbaJ assia root 1ayer were taken between 0600 

and. 0900 bourse 1bese vere talœn 1.n a sbort 1engtb of 1i 1.nch O.D. cellul.ose 

acetate tubing, as at Barbados, and. 1.mmed1.ate1y transferred to the assay 

tubes. '!he assay tubes were made of 8 1.neb 1engtbs of li 1.neb I.D. po1y-

rl.ny1ch1ori.de tub1.ng, the ends of wtrl.eb were p1ugged w1.th rubber stoppera. 

1he assay tubes were f1.11ed Idth sed1M9Dt, and the stoppera taped on to en­

sure they re-.1ned 1.n pl.ace du:r1.ng trans1. t. In1. t.1.al. process1.ng of the saa­

pl.es at Macdona1d College 1I8.S begun at 1600 hours, and coDpl.eted by 1800 bours. 

Labora.to:r;y 

'nle general. procedure used 1.n the acety"1ene reduct1.on assay of N2 f1.xa.­

ti.on bas been g1ven by Hardy et a1 (1968). As appU.ed in tb1.s study, the 

follov1.ng steps "ere 1.nv01ved. (1) The top 3 to 4 ca of s ed1 -ent in ea.ch 
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assay tube lIere scooped out to create a gas phase above the sediment. The 

samp1es lIere amended w1.th g1.ucose and sul.:fate where appropr1.ate, and the 

ass&y tubes serum capped. (2) Samp1es lIere eva.cua.ted to 1 atm and back­

flll.ed w1.th 1 atm Ar for samp1es to be incuba.ted anaerob1ca.11y, or 1 atm 

Ar and 02 (Ar102' 411) for samp1es to be incubated aerob1caJ.1y. This 

procedure vas repeated three t1mes. (3) The sam!)1es lIere evacuated to 

1 atm, and ba.ek-flll.ed w1.th 0.9 atm Ar or Ar-02 , and 0.1 atm Ci!2. 

(4) The samp1es lIere incubated at 30oC. (5) At interva1s of 1,2,3,4 claye, 

0.7 m1 ga.s phase lIaS reJllOVed from each samp1e. Th1.s was anal.yzed for 

acety1ene and ethy1ene by use af a Hew1ett-Packard Mode1 5750 ga.s cbromat­

ograph w1.th an act1.vated a1wa1.n& co1wm (183 x 6 _) at 200oC, a f'l.ame 

l.on1.zat1.on detector, and w1.th He carrier gas at a fiow rate of 50 ml. per 

ain. (6) Following comp1et1.on af the f1.na1 assaye on the fourth day, the 

ga.s phase vo1waes were determ1ned. 

H1.gh pressures bu1.1 t up in most of the a.mended samp1es af'ter the first 

day. Gas samp1es lIere equU1.brated to ataospber1.c pressure and hence correc-

tl.ons for est1.Dlat1ng true C?!'4 product1.on ware app11.ed by ca1cul.a.t1.ng the 

changes in the tota1 aaounts af Cil20fCA in the saapl.es. 

S1.x saap1es lIere used as contro1s to deter.1ne background 1eve1s af 

acety1ene and etby1ene, and to d.etera1ne wbetber s18n1f1.cant adsorpt1.on or 

aetabollsa af etby1ene occurred. in 1:hese s ed1 aeuts. The 16 test sa.apl.es 

ware d1.v1.ded into two groups, one of wh1.ch was inculated aerob1.cal.l.y, and the 

otber, anaerob1.cal.l.y. Two saapl.es in each group were aaended w1.'th 10 .:L of a 

lasal. su1ut1.on (BaCl., 0.31f, KCl., 0.01H, KgS04' 0.05K) conta1n1ng 2 g g1.ucose, 

each saapl.e con+a
'
ned appron..tel.y 200 g dry 1ft -ecuwmt, su 1;h1.s 11&8 an 
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appronma. tel.y 1% g1ucose 2l1Pndment. One sampl.e m each group was amended. 

w1.th gl.ucose sol.uUon p1us 5 ml. sa'bJrated sod1.um sul.fata (400 g,h) sol.ution. 

111e other f:1ve saap1es bl eacb group were unamended.. Sul.fate sol.ution was 

added w1.th the bli:eD:tl.on of s t1mn1 a t:1ng su1fata-reduc:1ng œcteria. Fol.l.ow­

:1ng f:1naJ. assays, ~t-probab1e-number (MPN) counts (five tubes per d:1l.u­

tion) were made of suJ.fa1;e reducers m selected sampl.es. 111e cal.c:1um l.ac­

tata medi.um for suJ.f'a1;e reducers g:1ven m Section II of this thes:1s was used, 

w1.th the exception tbat Bea water wa.s replaced by a sol.ution 0.3M :in NaCl, 

0.0511 :in JolgS04, O.01K bl Km, O.01M :in CaCl.2 and 0.025M :in HaHOO3' adjusted 

to pH 7.5. Resul:ts of 1he acet,yl.ene reduct10n assays are given as mg HZ 

f1xed/m2 par clay, and vere caJ.cal.a ted as: 

vhere 

mg N2 f1xBdj-.2 par clay = (~) x 28/3 x 220000/SV 

( ~) 18 i;be ethyl.ene produced :in a sampl.e over a 24 hour 

per:1od, :in .,m.,1es 

28/3 :1s a comrers:1on factor for convert1ng mil" mn'les of ethyl.ene 

to tbe equ1.val.ent bl N2 f1.xed 

220000 :1s the estiJa ted vol.ume of the sed1.aent :in the root l.ayer 

of the 1hal.ass1a stand, :in ml./m2 

SV :1s 1he saap1e vo1uae, :in ml. 

For convert1ng 1he resu1ts to a dry vt sediment l:as:1s, a bù.k dens:1ty of 

1.13 gJ.:l. aay be a.sS1DIed (average of the dry wt-to-vo1ume ratios of 10 uns.­

l18Dded sampl.es). 1bere 1IBS l.1.ttl.e or DO adsorpt1.on or Jlletabol.:1sa of etbyl.ene 

:in t.vo cont:rol. sa.p1es to 1Ib:1cb ethyl.ene bad been added. SIIBl..1 aJ.ounts of 

etbyl.ene vere det;ected :in tb:ree of four cont:rol. saapl.es to vb1.ch DO acetyl.ene 
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or etbyl.ene bad been added. ibe largest amount was eqldvaJ.ent to approx1.-

2 
matel.y 1.6 mg. HZ f~~(. per day, and thus onl.y figures above th1.s value 

are cons1dered s1.gn1f1.ca.nt. 

Sinee six el.ectrons are requ1red. for red.uction of H2 to NH3 and 2 el.ec­

trons for reduction of ~2 to ~, red.uct.1on of tbree mo1es of acetylene 

shou1.d be eqldvaJ.ent to reduction of one JD01e of H2. Comparisons by Hardy 

et~. (1968) of acetylene reduction and N2 fixation (Xjel.dabl. mea.surement) 

b,y Azoto1:acter cul. tures gave emp1rica1 ratios vary1.ng from 3 to 4.5. Compar-

1.sons by R1.na.udo (1970) of C:!'2 reduction and H2 fixation (Kjeldahl mea.sure­

ment) in the rhizosphere of r1.ce ~so valldat.ed the 311 ratio for tbat system. 

However, work in Dr. Knowles l.a.boratory on acetyl.ene red.uction and 15
1i2 in­

corporation in soUs bas given emp1rica1 ratios vary1ng from 10 to 22 

(Brouzes, Mayfiel.d and Knowl.es, 1971). A ratio of 3 was assumed in calcul.a­

tion of H2 fixation in the '1ba.1assia. bed sediments. It is not known whether 

there wa.s compl.ete excbange between the ga.s phase and the sediment in these 

sampl.es. For these reasons, the resul.ts eboul.d probabl.y be considered semi-

quanti tat1ve. 

It is unl.1.Iœly tbat aD7 of the 'a.erobic· sa.mp1es were in fact aerobic 

or aven part.1.al.ly" aerob1.c for .,re tban part of the incubat.1.on periode Fer­

roua sul.fide woul.d œve acted as a pois1.ng agent, HzS odor wa.s ev1d.ent in aU 

saapl.es at the end. of the incuœtion period, and. was particul.arly strong in 

the aaended saapl.es. 

R&SUL'lS AND DISCUSSmIi 

'lbe Berauda. 1ba'assia stand bad the higbest P , 14.1 gf.2 par day, of • 
aD7 1ba1 assia stand exa-1ned. in th1.s study. Ps' 8.75 ag/shoot per day, was 

not. h18her than vaJ.ues observed for Barbados stands but. the shoot density, 

1611 sboots/.2 , 11&8 unu.sual..l.y high (see Appendix B for shoot densi ty val.ues) • 

. -_ ... _---------
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1'be max1,mm and m1n1m'lm esti.mates of lÜtrogen requ:1rements of tlûs stand 

(est.i.mated as :in Sect1.on n) are 97 and 32tJ. mg N/m2 par day. '!he est1.mates 

of N2 f1xa.t1.on :in the root l.ayer secU.ments are given :in 'lab1.e VII. Group­

~ the samp1es :into aerobic and ana.erob1.c, amended and unamended sa.mp1es, 

the mean val.ues and standard deviations arel 

x (mg N2 fi:Xed/m2 par day) SD 

una.mended, aerobic 3.8 (0.76) 3.9 

unamended, ana.erobic 1.7 (0.34) 2.7 

amended, aerob1c 339 (68) 146 

amended, ana.erob1.c 581 (116) 230 

Va1.ues :in brackets are the N2 fixation rates assum1.ng a 1511 rat1.o :in es­

t1ma t1.ng N2 f1.Xa tion from acety1ene reduct1.on. In the una.mended sampl.es 

s1.gn1f1.cant reduction occurred onl.y sporad1.cal.l.y :in the anaerob1.c sampl.esl 

1.n the aerob1c sampl.es the reduction val.ues vere s1.gn1.f1.cantl.y h1.gher. Hov-

ever, l.t 1.5 apparent from compa.r1.son of these est1.mates w1.th the est.1.mates of 

the lÜtrogen requ1.rements of the "1balassia stand that the rates of N2 f1.xa.t1.on 

:in these secHJaents as :1.nd1.ca ted b,y the assays of the unamended saapl.es voul.d 

be 1.nsuff1.c1.ent to renev lÜ trogen reDOved from the sed1.ment b,y 'lllal.ass1.a. 

Rates of acetyl.ene reduction vere of the order of 100 t1mes grea ter :in the 

gl.ucose and gl.ucose+sul.fa te amended saapl.es than :in the una.mended saapl.es, 

and rates 1.n anaerob1c amended saapl.es vere aJ.most tw1.ce as h1.gh as the rates 

Dates of acetyl.ene reduction vere h1.gh 1.n 

the awended saapl.es froa the fIrst day of :incubat1.on, :1.nd1.cat1.ng the presence 

of a l.arge popul.at1.on of li2 f1.x1.Dg bacter1a. 1.n s1.tu. rt 1.s ev1.dent that !l2 

f'1.xa:t.ion coUl.d account for rene1l8.l. of lÜtrogen reJlOVed fro. the sed 1 wents b,y 

1balassia prov1.ded there vere read1J y ass:1Jdl.ab1.e energy substrates ava1.l.ab1.e 
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Tab1.e nI. -2 fixation 1Jl BeziUIdA 'ftMll P-II1& lIed1aeI1ta _ti.a.ted 1 
(-) 

1 

~ro. acety1ene reduct.1on aasays. 

C =- g].ucolle, S - sulfate, 0 - aerob1c, , = &DaerOblc 

1 

Saapl.e Incula:t1.on Ca1c1lla:tecl -2 ~1xat1011 

ag .~.2 per day 

Da.yl Day 2 Day) Day 4 

1 0 ).4 0.7* 11.S 0 

8 0 1).6 S.1 8.1 0 

9 0 6.S ).2 0 0 

10 0 ).) 2.8 S.2 0 

11 0 2.8 O.S- 4.9 ).8 

· 12 1 C 0 250 2)11-

i 1) C 0 2.59 )Sl 649 )88 

t 
[ 

14 C +8 0 ))S 402 422 99 

! lS , 1.4- 0.9* 4.4 0 

1 
16 - 0.7* 0.8- 10.8 0 

11 - O.S- 0.4- 6.6 2.4 

l 18 - 0.6- 0.4- 0.3- 0.)-

t 19 , 1.0* 0.8* 0.7* 0 

t 20 C , 4!1f. S'tG S21 418 

t 21 C , 26S 719 923 912 
~ , 66S · 22 C+8 4SS 151 278 11' 

t 
t 
t · - lfot a1p1:t'1.C&D't. l 
~ 

J 
J C-) l , 
1 
i 
i 
1 
t 
1 
~ 
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AdcU.Uon of gl.ucose to the. samp1es represented about a 5o;C :increase :in 

the tota.1 amount of organ1c matter :in the samp1es, assUDdng that the sed1.­

ments conta1ned approldmate1y 2 g organic matter/100 g dry wt sed.1ment 

(nLb1.e IV, Sect1.on II). It may be conc1uded that a1 thougb orga.n1.c matter 

was present :in the unamended samp1es, 1.t was 1arge1y unavallab1.e to (un­

ass1.m1.l.abl.e by) the N2 f1x1.ng 1:acter1.a. S:ince th1.s organ.1c matter pro1:ab1.y 

cons1.sted 1arge1yof cellu10se der1.ved from underground parts of ~ass1.a 

and. the coJlllllOn N2-f1.x1.ng 1:act.er1.a. are not cellu10se decomposers, this con­

c1us1.on 1.s not surpr1.s:1ng. H1.gh 1eve1s of N
2 

fixat1.on :in straw amended 

soUs have been attr1.bu.ted to a wo :phase system :in wh1.ch pl.ant res1.dues 

are broken down under aero b1.c condi. Uons, and N2 fixation occurs under an­

aero~c ~ndi.t1.ons (R1.ce, Pau1 and Vetter, 1967). ibe SQJIlewhat greater rates 

of acety1ene reduct1.on 1.n the 'aerob1.c' una.mended samp1es compared to the 

anaerob1.c UD&JIlended samp1es may have been due to :increased breakdown of ce1-

l.u1ose :in the former. However 1. t 1.s apparent tha t even if microenv1.ronments 

of oJd.d.1.B:1ng concH t1.ons ex1.st :in the root 1ayer sed.1.ments, there,st1.1l. wou1d 

not be suf'f1.c1.ent organj.c matter avaUab1.e to the N2 f1x1.ng œ.cter1.a to a110w 

N2 fixa t1.on to the degree requ1.red to sa t.1.sfy the demands of 'Jba] 8SS1.a. It 

1.s concl.uded tha t the organ1.c .. tter of underground parts of 'lbal.ass1a 1.8 

not a s1.gnU1cant source of energy for N2-f1.xi.ng 1:acteria :in s1. tu. If N2 

f1.xat1.on 1.8 :in fact the source of n1.trogen for growth of ""]8"1.&, then 

there must be a source of energy avallab1.e ta the N2 fixera :in s1.tu that wa.s 

not ava11abl.e :in tbese sad1 __ nt saap1es. 

Synthes1.s of aa1.no ac1ds appears to occur in the roots of """8 8 S1.a 

as :in certa1.n terrestr1al. pl.ants; th1.s 1.apl.1.es a regul.ar transport of carbon 

ske1etona to the roots via the pb1oe.. In terreat:r1a1 pl.a.nts, pb10ea trans­

port of carbon slœ1etons ta the roots 1.s st1.mü..ated b;y aDd. regul.ated b.Y the 

----------------,-~-_.--_._ ... 
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demand of the root f'or the carbon skel.etons (Xursanov, 1961, 1963). G1.ven 

(1) the h1.gb potent1aJ.. of the secU.ments for f1.x1.ng HZ' (Z) the evldence tbat 

ni. trogen l.1.m1. ts grovth of '!bal ass1a., (3) the J.1.m1. ted stand 1 ng suppJ.y of' ni.­

trogen 1.n the sed1.ments, (4) the ev1.dence that a11. n1.trogen for grovth of 

'l'bal.assia comes f'rom the sediments, and (S) the J.ack of posslbl.e al.terna.t1ve 

sources of' ni.trogen 1.n the sed1.ments, there can be 1.1ttJ.e doubt that organ1.c 

matter 1.8 excreted 1.nto the sed1Jllents by 'Dlal.ass1a. and serves as a source of 

energy for the HZ f1x1n.g bacter1a. It 1.s proba.bl.y not necessary for cell 

autol.ysls to occur for reduced HZ to be ava1l.abl.e to 'Ibal.a.ssia, NZ-f1x1Dg 

bacter1.a excrete reduced HZ' predom1nantJ.y 1.n the form of' &IIUIlOnium, dur1.ng 

heaJ.thy grovth (Stewart; 1966). A f1.ne1.y 1:aJ.anced re1.ationship between 

'Jbalassia and the ni trogen statua of the secU.ments ls 1.mp1.1cl t 1.n the slmp1.e 

nature of the rel.atlon of Ps to 1.nterstit.1al. water ammonium. 'lhe ava1l.abl.e 

ev1.dence po1.nts to a sensltivel.y regul.ated, symblotic type of rel.ationship 

between 'l'haJ.ass1.a and the NZ-f'1x1ng bacter1.a. 

Ir organ1.c matter and ammonium substrates IDOve between 'lbaJassia roots 

aDd. JlZ-f1.x1Dg bact.erla .'n1y b,y- d1:f'fUs1.on, then .,st HZ fi.xationmust ta.ke 

pl.aOe vi. th1.n a f'airl.y saa.11. distance f'rom the root. At the Bermuda. stand 

there vere an est1ma.ted 1611 erect shoots per square mater. 

vol.uae cf sed1Jaent per shoot vas thus 220 1. + 1611 = 1:;6 car'3. As a conser­

vative est1ma.te, there vou1.d be approx1.aatel.y 40 ca root per shoot, and thus 

the _xim". vo1.ume of' sed.1aent par shoot 1.8 equ1.val.ent to a band of approx-

ilIateJ.y 1 ca radius around the root. Assuaing that th1.s stand vas over­

cro1lded and that rs coul.d be increased s1apJ.y by re.oving soma of' the shoots 

(l.e. a2l.ow1ng a grea:ter vo1.u.e of' sed1aent per shoot), then an 1.ncrease 1.n 

Ps b,y a f'actor of tbree to 26.1 Ils 1.ea:f' tissue/shoot per day, a l.arger vaJ.ue 

tban vas obserYed f'or any 'lhal.ass1.a siaDd 1.n th1s study', represents a cyl.1.Dder 
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of on1)" 1.8 cm rad1.us. 1.1ds b thus a maJdlmm esUmate of the extent of the 

rMzospbere.of 'ftlaJassia. 1h1.s estimate :1s s1m1l.ar to estimates, wh:1ch are 

few :in number, of 'the ex1;ent of the rh:1zosphere of terrestr1.a1 plants. 

Papav:izas and. Dave)" (1961). for examp1e; concl.ud.ed froJll stud.1es on the d.1s­

tri.but1.on of m1.cxofiora around roots of 'the b1.ue l.up1.ne that the rhizosphere 

affect was "very proD01DlCed. 1;0 3 JDDl, but lIaS sti.ll ev1.dent at 18 lIllIl." 

'lbaJ.ass:1a roots a:re covered w:1 th a l.a)"er of lIJUcUag:1nous ma ter:1al. wh:1ch 

b1nds sand grains. and JIUCh of the N2 -f1x1ng activ:1 ty ma)" taIce pl.ace in th:1s 

reglon or 'rb.:1zopl.ane'. 

Ba tes of acety1eue reduct1.on :in the gl.ucose+sul.fa te amended sampl.es 

were not s:1gn1f:1cant1.7 hi f!J'etr than those :in the gl.ucose amended saJllpl.es. 

However :1 t was apparent froa the strong odor of sul.fide in the gl.ucose 

amended sampl.es 'tbat act1.vi.ty of suJ.fate reducers vas not l.:1m1ted in these 

sampl.es b,y a l.ack of sul.:f'ate. 'lhus there :1s no 1nd.:1cation glven b,y these 

data of whether the sul.f'a1-.e-reduc1.ng bacter1.a are important N2 f:1xers in the 

'1'baJ Bas la secHments. 'lbe nuabers of sul.fa te reducers in both amended and un-

amended samp1es, ?BOO 10 330.000 (~b1e VIn), are of the same order as the 

numbers foUDd in the Barbados xoot l.ayer sed:1ments (103 to 105, 1ab1.e V). It 

bail been expected that .-Jch h1.gber JlUJIlbers voul.d ocCU%" :in the amended sampl.e~ 

The resul.ts 1Ddi.cate -tbat factors other tba.n the avaUa~1.ty- of orga.n:1c mat­

ter or sul..f'ate vere l.1Jd'tfDg :increase :in nuabers. but not necessa.r1.l.y b1.o­

chea1.cal. act1.vi.ty, of sul1'ate reducers :in these sed.1.Jaents. 
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'l'abl.. VIn. Sulfa1:e-recluc1Dg ba.cter1a in acety1ene 

red.uct1en assay saap1es. 

Saapl.. beDdaent 7ncu'bati.on Sul.:tate reduc1ng 
bacteria 

H.P.B. 
(per g .et vt) 

2 C + S - 1()()()()()* 

3 0 330000 

5 - 17000 

6 c+s - 3)0000 

11 0 2#000 

17 - 7900 

20 c - 7800 

22 G+S - 100000· 

• 1/1 tubes poaj.t1.Ye at 101 d1l.ut1oD. 
5/5 tubes .... tj.Ye at 10 d1l.ut1.on. 

9~ confidence 
interYal.s 

(2#000-1100000 ) 

(100000-1100000 ) 

(5200-,56000 ) 

(100000-1100000) 

(7300-80000 ) 

(:&00-26000 ) 

(2400-26000 ) 

(2#000-1100000 ) 
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:IV. GENERAL DISCUSSION 

Specul.aUons rega.rd1ng the nature of the 

'!'ba' ass1a SM' ment N2-f1xi.ng systea 

--- --- _. --_._----.--------------

1be quesUon, 'wha.t l.ûd:ts N2 fixati.on in s1:tu?', l.eads d1reet.l.;y to a 

"hypothes18 concern1ng the na~ of the "'aJass1a-se<Hment N2 -f1xi.ng system. 
". 

For the purpose of present:1ng tins hypothes18, the follo~ a bbrev1a tions 

are used. 

mM excreted orga.nj.e matter 

the rate of excretion of orgPJÛe matter into 
the rMsosphere by 'l.'ha] ass1a 

the rate at wld.ch comb1ned n1.trogen froa N2 
fixaUon 18 Jl8de avaUab1.e to 'lbaJass1a or 
18 ta.ken up b;y Dlal.ass1a 

the eff1.e1.enc;y of the 'lba'assJ.a-sed1.aent N2 -
f1x1ng system, def1ned as the ratio of Na-to-Peoa 

EvJ.dence presented in thJ.s thes1.s points to a sens1. tivel.;y regul.a.ted., syab1.­

otie type of rel.at1.onsh1p between '"'a1assJ.a am. the N'2-f1ld.ng bac1:er1a in 

1IbJ.cb there J.s recJ.proca1 excbange of orga.nj.e as. t'ter and ni. trogen substra tes, 

the a..ount of inorganJ.e coab1.ned n1.trogen transferred to '"'a1assJ.a be.1ng in 

proportion to the aaount of mM transferred to the baeter1.a, and rtce versa. 

It i.a reaa.onab1.e to a.ssuae tbat tbere 1s a l.J.Id.t to the proport1on o~ gross 

pbotoayntbesJ.s tbat cau be uSed for obta,1n.1ng n1.trogen, 1..e. to the propor­

tion used for ~thes1s of mil. 1bere llUSt aJ.so be a l..1.a1.t to the extent ~ 

the 'lbaJe-sJ.a 08M'went N'2-f1x1Dg systea, 1..e. l.1a1.ts to factors sncb as the 

DUaber &Dd l.eDgth of 1baJ assJ.a r001;& aM the extent of 1;he rhJ..zospbere. C1.v­

en tbese cond1. t1.ons, then 1;0 a.ccount for the fact tba t ni. trogen l..1.a1. ta growth 

J.n &DY gi.ven ""ess1a staDd, 1.t J.s Decessary to pos-tulate that increas.1ng 
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proport1.ona1l.y smal.l. 1ncrease iD Na iD compar1.son to iDcremants iD Na as­

sociat.ed nth s1JaUar :increases of Peom f'rom iDi:t.1a11.y 10wer 1eve1s of Peo •• 

In other woms, Es decreases nth increas1ng Peom. Vi.thout thi.s type of re1-

ati.on, producti.on of 1baJ.assia coul.d be increased si.mpl.y' by excret1ng IIOre 

organi.c aatter, and producti.on woul.d go on iDcreasing unti.l. soma factor other 

tba.n ni. trogen was l.i.mi. t1.ng, wbi.cb liaS cl.ear1y not the case for the ~assia 

stands studi.ed. Accordi.ng to thi.s hypothesi.e, the nature of the Na-Peom re­

l.ationshi.p, and. the ma.Y1 mnm 11D:1t of the proportion of gross photosynthesi.s 

vhi.cb can be used for suppl.y1ng organi.c matter to the N2-f1xi.ng bacter1a, 

woul.d determi.ne the actua1 Ps iD a.ny g1.ven "'alassia system. 

AiIS1Udng tbat the ni.trogen requi.rements of 'Iba.lassia are gi.ven by mul.ti.­

pl.y1ng producti.on by t x 2.)% N, then the re1ati.on between Peo.' Ps and. Es 

(= Na/Peo.) i.e gi.ven by 

1.15 
= Es 

It can be seen tbat a ",,,,,,,.,. val.ue of the rati.o Peo.-to-ps (vhi.cb can be 

cons1dared di.rect1.y proport1.oDBl. to a max111!U! val.ue of the proport1.on of 

gross pbotosynthesi.e vhi.ch can be used for synthesi.s of BDM) corresponds to 

a .1n1.,_ val.ue of Es. Hyptbeti.œ.l. exaapl.es of the Ps{Ha>-Peoa re1ati.onshi.ps 

of fi.'Ye c:U.fferent "l'ba'ass1a....aed1 aent systeJlS are given in Fi.g. 9. 'lhe fi.ve 

c:U.fferent systeas -'7 be rega.rded as fi.ve 'fbaJass1& stands ntb dHferent Ps 

val.ues, or as a s1Dg1.e stand in c:U.fferent states brought about, pe%ba.ps, by 

cba.Dses :in subs-tra 'te Eh. 

Synthesi.e of orgam.c -.tte:r for the N2 f1xi.ng ba.cteri.a i.e equi.val.ent to 

expeDiHÜIre of energJ' for taHng up nutri.enta t'roa di.l.u'te sol.uti.ons, &Dd thus 

aboul.d DOt be cons1dered part of the net pbotosynthesi.e of ""'a-81&. Het-
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20 

10 20 
p.om (mg/day) 

Relat1.on of n1.~rogen uptake to or~c matter excret1.on 1.n hypothe~­

l.cal Thalass1.a-sed1.ment H2 -fix1.ng systems. See taxt for hypothes1.8 

on wb1.ch tb1.s f1.gure 1.s based. In systems b, c, and d 1. t 1.8 assum.ed 

tbat the maxjmum vaJ.ue of Peom/Ps tolerated by Tha1ass1.a 1.s 0.92 

(equ1.val.ent to a m1nhmm tolera.b1.e Es of 12.5 ug H/mg EOM). The 

actual. Ps of these tbree systems 1..s t.bus g1.ven b.Y the po1.nts on the 

PS-PeoD curves at. wh1.ch Peom/Ps = 0.92. Ps cannot be 1.ncreased 

above 1;bese val..ues ~ tb1.s vould requ1re b1.gher val.ues of 

Peo./Ps' wb1.J.e tbe system ef'fic1.ency 1.8 b1gher at lower levels of 

Peo.' the absolute amounts of n1.trogen ava1.1ab1.e to Tbal.ass1.a are 

lesa. Zn systems a and e, l.t 1.8 .assuRed tbat the aarb !!1m val.ue of 

P.o./Ps 1.s detera1ned b.Y the nature o~ the Ps-P.o. relatl.onsb1.p, 

aud the actuaJ. P s 1.s an opt1.Jlal. Yal.ue repxesent1Dg 'the best com­

b1na.t1.on • of eff1.c1.ency and product1.on. 
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to-gross photosynthes1.5 ratios of p1ants are typ1.ca.ll.y m the range 0.4 to 

0.7 (Vestl.a.Jœ, 1963);. Teal. (1962) reported a ratio of 0.19 for the sal.t 

marsh grass, Spa.rt1na. It seems tml.llœ1y that the amount of orgam.c matter 

excreted b,y 'l'haJ assia cou1d be grea ter tban 2 x the net production of organ-

1.c matter. F1.gares gi.ven b,y Vetze1 (1969) for the ratio orga..m.c carbon 

excreted-to-net fi.xa.t1.on of carbon for ~ under a var1.ety of exper1.aental. 

condi.tions, va.ry between 0.005 to 1.79, vi.th JIlOst val.ues between 0.2 and 1. 

Assum1ng a ra t1.o of P eomlP s for 'lhal.assia of 1 (remember1.ng tha t 1eaf t1.ssue 

inc1udes aPFoxi.Jla te1y 20,% ash), and tha t ni. trogen requ1rements are gi.ven b,y 

mu1tipl.y1.ng production b,y t x 2.3% N, then th1.s 1mp11.es a system eff1.c1.ency 

of 11.5 mg 'BIg mM. '!he reaJ. system eff1.c1.ency m1.gbt be cons1derabl.y h1.gber 

tban th1.s, bu.t cou1d not be much 1ess tha.n about one haJ.f th1.s val.ue. 1h1.s 

f1.gure, 11.5 mg If/g mM :1s of the ~ order as reported eff:1c1enc1.es of fix­

ation of 1f2 -f1x1.ng ba.cter1a. It:1s obvions that the system eff:1c1.ency JmSt 

be 1ess than the ef'f:1c1.ency of fixa. tion. 

1he essent:1al. featare of the bypothes1.8 regard:1ng the nature of the 

'Ibalassia-eecJ1 went 'B2-f1x:1ng system 1.5 that under any gi.ven set of cond1.­

tions, the systea eff1.c1.ency decreases vi. th increas1ng ~unts of organ1.c 

matter excreted by '!el assia. 1h1.s m1.ght be associa t.ed vi. th 1ess eff:1c1.ent 

use of BDM b,y the 1f2-f1x:1ng ba.cter1a, and vi.th grea.ter 10ss of mM 1;0 coa­

pet:1ng organi.sJIs as Peo. :1s mcreased. One of the reasons 1 t 1.8 generaJ.l.y 

assuaed tbat the free living heterotroph1.c 1f2 f1xers do not, in .ost c1.rCIDI­

stances. fix l.arge a.:nmts of 1f2 :1s tbat report.ed eff1c1.ency of fi.xa.t1.on val.­

ues 1DH.cate IIn1:tzogen-f1x1.ng heterotropbs are :1nef'f:1c1.ent usera of carbo­

IQdrate aud there :1s :intense coapet1t1.on for tbat 1IhJ.ch 1.8 ava1l.a.bl.e IlOt on1.y 

betveen ni. trogen-f1x1ng for.:s. hlt bet8een. ni. trogen-:f1x1.ng and non-n:1 trogen­

f1x1.ng :fcrr.sll (Stewart. 1969). Report.ed eff:1c1.enc1.es of :fixation are based 

---------------_.-
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on cal.tures oE Jf2 fixera in ao1Uti.oDS of 1Di.t1a1 concentraUoIlS of suga.r of 

0.5' to ~ (see for exaapl.e, Parker, 19.54. Proctor 8Dd VUson, 1958). '!'he 

aboYe CODS1.daratiollS auggest tbat thase eff1.c1.ency of f'1xat1.on va1ues .. y 

g1.ye a Yery JI1.a1ead 'ng ~as1.on oftbe use of' eDergy aubstorates b.r H2 f1.x­

btg 'b&cter1.a in s1.tu 1Ibere concentrat1.0DS of read 1]y aY&1l.&llle orgàm.c -.tter 

are 1.1.b1y to be SeYeral. omers of .agni. tude 1eaa tban in the cul.ture ao1u­

ti.oDa. 1:t 18 to be expected tbat lacter1.a are IIOSt e:tf1.c1.eDt in the use of. 

aubatrates 1Ihen t.hey are supp11.ed at 1eve1a 11Jœ1y to be fOUDd in uature. 

'lbe 1acterl.a .. y be .ore product1.'9'e 8'9'811 in abao1ute teras vbeD aubstrates 

are not aupp1.1.ed in grea.t excess. For exaap1e l'aclots. (P. 171 1D ()ppeDbe1aer, 

1968) zeported tbat the D1uiber of rlab1.e cel.l.a of Ditr1.fy1.Dg ba.cter1.a aud. the 

h'gher CODceIltrati.ons of &IIIIOD1.ua aul.:tate. 'l'b1.a concentrat1.on 18 about 1/100 

the conGellt.rat1.on ~ uaecl far soU aDd. -.riDe Dit.r1;1P1.ers. Increaa1Dg 

p eoa Jdsbt &l..ao resul. t 111 gr:ea:ter 10118 to non-D1:trogell f1.xers becawse tbose 

bacter1.a capab1.e of rap14 uptaJœ :troll 1101:8 concentza:ted so1uti.ollS w1:tbout re­

pz4 to e:tnc1.ency 1II01Il.4 be f&'YOrecl. Lower1Dg the concentrat1.on vo1l1.d fa'9'or 

1Iacter1.a wb1.ch .ab .. t e:t:tlc1.eat use oE eDerBT aubstrates. Bri.deDce oE a 

c:rade sort tbat Es deczusea nth 1.ncreaa1ng aupply of orpD1.c ... tter 18 pro­

rldecl b.r coap&r1son of the est1.-.tecl Di trogen req1drellenta of the Bel:Jiiii!a 

'ftwl-ssia ataDd. dth tbe re8Ul.ta of the assa~ of -2 f1xat1.on 1D the &ll8Ddecl, 

uuaaro1d.c saapl.es. 'l'be assay _p1es 1NIre • "ee! w1.tb appr:Oldaate1y 2 g 

pm ue/2DO g ....,'wmt. Aaa1adIIg tbat 1D s1.tu 'J"hel·se1.a auppl.1.ed. al1 of the 

carbob)cb:ate for :toar c1ays' ~ of the -2 fixera at once, th1.s 

...wt be eq1l1.Y&l.ent (&8SUIdDg as aboYe, Peoa/Ps = 1) ta aD e ""-'" of ap.. 

JIEOZ:b&tel.7 50 as ca:rbobjd:Late/200 g ....,,~. 1.e. 1/40 of the AboYe. 'l'be 
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est:1Jlla. ted. N2 fixation by the acety1ene reduction assay vas 581 mg H2/m
2 

per 

day, and the JIl1n1mum est.1mate of the nitrogen requ1rements was 97 mg H/m2 per 

day. In other words, a more tban 40 fo1d increase in read1l.y avaUabl.e car­

bohydrate resu1 ted. in a 1ess tban 6 fo1d increase in H2 fixation. 

'Ibe exact nature of the Ha-Peom re1ationsh1p might be determined by a 

1arge number of factors; IIlOst 1aportant wou1d be those factors vh1ch 1nf1u­

ence the following characterlstics 1 (1) the total. vo1ume of sediment avaU­

ab1.e to a 'lbalassia pl.ant for H2 fixation, (2) rates of diffusion in the sed­

iaent, (3) the size, composition and re1ative activities of the various com­

ponents of the bacter1a.l. population, (4) the proportion of organ1c matter 

excreted. wh1ch 1s avaUabl.e to, the H2-f1xi.ng bacterla, and (5) the efficlency 

of fixation. 'Ibese character1stics are interre1ated. In connection with 

(1), it vas noted that h1gh Ps ls assoclated with 10ng ereet shoots. 'Ibls 

is consistent with the above hypothesls. Variations in grain slze charac­

ter1stics, pa.rt1cu1ar1y with respect to the aJlOunt of c1ay in the sediments, 

wou1d be expected to 1nf1uence SOae of the above characteristlcs. Al.1 

Tbalassia beds exaa1ned at Barbados and Carr1acou occurred in sediments with 

sma:u &IIlOunts of sUt and c1ay. On the who1e, s1anar Ps values character-

1zed 1baJassia growing on predolliDantl.y sand and cobbl.e-sand substrates at 

Bath, St. Lawrence and Carr1acou (AppeDdix B). Genera11y h1gher Ps vaJ.ues 

-.y cbaracter1ze 'Jbal assla growing in predollinantl.y sUt and c1ay substra:tes. 

Dur1ng very cursory observaUons of 1bal.assia at La Parguera, Puerto Rico, 

'lha'a-sia with notabl.y 10ng and wide 1eaves (approxiBate1y 40 to 50 ca 1ength 

and 12 _ width) vas obserYed. grow1.ng in wbat appeared to be predoJl1nant1y 

sUt and c1ay substrates. Ginsburg (19.56) observed "l.uxur1ant- grovtbs of 

1ba'asB'1a on FJ.orida Bay JIDd 1anJœ wb1ch consist predoa1nanUy of sUt and 

c1ay. Evidence that reduc1ng CODd1UODS in the substrate are essent1aJ. to 
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'the normal. deve10pment of 'lbaJ.assia bas been presented. Redox potent1al. may 

affect both the eff1.cnency of fixa t1.on and the proport1.on of organ1.c matter 

excreted wh1.ch i.s used b.Y the N2-f1.x1.ng bacter1.a (th1.s may be referred to as 

the eeff1.c1.ency of transfer e). Cell-free extracts f1.x N2 on1y under ana.ero­

b1.c condi.t1.ons, and most facu1tat1.ve anaerobes f1.x N2 on1y under anaerob1.c 

cond1.t1.ons (Stewart, 1969). Even the c1ass1.ca1 aerob1.c N2 -f1.x1.ng l:acteria, 

Azotol:acter, f1.x N2 JIlOst eff1.c1.enctl.y under 10w 1eve1s of oxygen (Da.1 ton aDd 

Postgate, 1969). Redox potent1al. may bave a pronounced effect on the eff1.c-

1.ency of transfer. 111e remarlœ of Brouzes et &1. (1969) are cons1.dered per­

t1.nent. nIt i.s often argued tbat under anaerobi.c condi.t1.ons both·the rate of 

11.berat1.on of 10w mol.ecul.ar we1.ght energy substrates and the eff1.c1.ency of 

the1.r use b.Y n1. trogen f1.xers must be 10w (Barrow and Jenk1.nson, 1962) so that 

anaerob1.c fixat1.on coul.d not be great. However, 1.t may be that a much more 

intense coapet1.t1.on for energy substrates ex1.sts in aerob1.c condi.t1.ons 

(NyItv1.st. 1963) and tbat th1.s becomes a factor of overr1.d.1.ng 1.mportance. ft An­

other factor wh1.ch may 1ead to decreased system eff1.c1.ency at h1.gb Eh or 1.n 

associa t1.on ri th ox1.d1.zing m1.croenv1.romaents i.s a n1. tr1:f'1.ca t1.on-den1. tr1:f'1.ca-

t1.on process. At the redox potent1.a1s observed 1.n the 'l'hal.assia sedbaents 

there lIOul.d appear to be llttl.e poss1.b111.ty of n1.tr1:f'lcatlon occurr1ng 1.n the 

root 1ayer. However. sJlBJ.l. amounts of nitl:a.te were present 1.n the root l.ayer. 

the 1argest amounts of extractab1.e n1.trate occur.r1.ng in the· stands of l.owest 

Ps. It seeas J1ke1y that th1.s n1.trate orig1nated froa ox1.dat1.on of reduced 

H2 • Qx1d1«ed Jdcroenv1romaents ... y ex1.st with1n the sed.btents. or perbaps 

per1.od1.cal.1y in the rh1..zosphere. Once n1.tl:a.te 1& foraed. then the posslb1.llty 

ex1.sts for l.088 of n1.trogen ~. the syste. to occur b.Y den1.tr1:f'lcaUon. 

A DUllber of processes proba.b1.y contrUate to 10wer1ng of the redox po­

tent1.al. in the 'Jbalpss1.a sed1aents. Growtbs of 'Jbalpssia and assoc1ated 
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sessile organj.sms stabil.j.ze the sediments and thus reduce exchange of gases 

nth the over1yj.ng wai:ar. Orga.JÜc matter 18 cont1nua.1l.y produced by under­

ground parts and 18 eventual.l.yavailab1.e for ana.erob1.c or aerob1.c decompos-

1. tion. Low redox potent1.a1s Day be brought about by reduc1.ng substances 

exc:reted by 'lba.l.ass1.a. by ~ produced by su1f'a te reduction. and by reduc-

1.ng substances exc:reted by ·anaerobes. 'l'he extent to wh1.ch su1fate reducers 

contro1 the Eh 1.n "'a'ass1.a sed.1ments 1.s not c1ear. pS-Eh measurements a1.gbt 

be usefu1 1.n 1.nvestiga.t1.ng th18 prob1.em. 'lbere may be somewhat cU.:fferent 

contr01s over Eh 1.n rh1.zosphere and non-rh1.zosphere sed1.ments. Sul.f'ate re­

duct1.on a10ne wou1d proba.b1.y be suf'f1.c1.ent to ma1.nta1.n 10w redox potent1a.l.s 

1.n stab111.zed secUments where penetration of 02 occurs ma.1.n1y by s1.mp1e d1.f'­

fus1.on. ~e reg:1on of the rh1.zosphere, however, may be subject to per1.od1.c 

fiushes of oxygen emanat1.ng from the roots of ""9ss1.&. If so, then the 

nature of the po1.sing system 1.n that reg:1on wou1d determ1.ne whether 10w re­

dox potent1al.s cou1d be ma1.nta1ned over short per1.ods of t1.me, and ma1.nten­

ance of a 10w Eh over 10ng per1.ods of t1me wou1d be depandent on the cont1.n­

ued act1.v1.ty of m1.c:roorgan1.sms. In such cond1t1.ons, activ1.ty of su1fate 

reducers Jde;ht be 11.m1.ted by the avaUab1.11.ty of su1fate. Low redox poten­

t1.a1s are genera ted 1.n cu1 tures of a.naerobes as a resu1 t of production of 

substances such as d1.oxyacetone (RabotDova et al.., 1963). Such substances 

are proba.bl.y produced by a.naerob1.c Jl2 fi.Xers 1.n the rh1.zospbere, and .. y pl.ay 

an iaportant ro1e 1.n the reguJ.at1.on of Eh. Tha'ass1.a aay have a def1.n1.te 

pbys101og:1ca.1 requ1raent far reducing cond1.t1.ons 1.n the substrate. Aquatic 

angiosper.s typ1.caJ.l.y occur 1.n substra tes 1d. th 11. ttJ.e or no oxygen, and the 

vell deve10ped 1acunar system ensures tba t an adequa te suppl.y of oxygen rea.ch­

es at 1east DOst of the undergroUDd parts for .ost of the daYr however, oxygen 

-'7 be def1.c1.ent at the exLcea1.t1.es of the undergroUDd parts, or .ore 
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generally dur1ng the m.ght (Scul.thorpe, 1967). Laing (194Oa, 1941) found 

tbat rhizomes of 10 spec1.es of aquat1c ang10sperms he studied are capabl.e of 

ana.erobic respiration 1d.th production of al.coho1. '!he plants var1ed, hov­

ever, in the oxygen requ1red to mainta.in the pl.ants in an-:-~active (versus 

dormant) state, and bab1 ts of the p1.ants coul.d be accounted for by their 

phys1010gical. requ1rements for oxygene Growth of rhiZomes of Nupbar advenum 

was found to be un1nfl.uenced by the presence or absence of oxygen in the 1ac-

unae. rut the presence of oxygen around the rhizome apex actua11y 1nh1bited 

growth of the rhizome. Such may a1so be the case for 'f'ba.1 assia. It 1s al.so 

conce1vabl.e that the energy substrates for the N2-f1x1ng bacteria are the 

prociucts of ana.erob1c respiration by' underground parts. 

'!he active N2 fixer in the 'lbaJ.a.ssia sediments lIdght be a.ny one of a 

nuaber of spec1es. '!here ca.n be 11tt1.e douM that an obl.1ga.te or facu1ta-

tive anaerobe 18 1nvo1ved. Wood. (19598.) was unabl.e to iso1ate Azotobacter 

from Zostera s~nts. Other vorkers bave had inconsistant- resu1 ts in a t-

teapt1ng to 1so1a te Azotobacter from marine sediments (redewed by 

ZoBell, 1946b). Clostr1d1um, on the other haDd, bas been cons1stentl.y' 1so-

1ated f'rom marine sediments. Waksman et al.. (1933) conc1uded that "ana.ero-

bic nitrogen-f1x1ng bacter1a of the Clos1:r1d1um pastor1anum type are univer-

sa1.1y distribu.ted in the sea bottom." Recent s-tud1.es have shown ni1:rogen 

fixation to be "far DOre w1d.espread aaong the su1pbate-reducing bacter1a of 

the genus Desul.:f'orl'l::rl.o 1:ban was ea.rller thought" (Postgate, 1970). Conc1us-

ive ev1dence that sul.fate reducers are the active lf2 fixera in the 'Jbalassia 

rh1zospbere vou1d have to inc1ude a demonstra tion tha t sul.fa te 18 DOt 11a1 t-

1ng in s1.tu. In viev of the rather remarJœ.bl.e llhys1010gy of sea grasses in 

other respects, the poss1bU.1.V tba.t 'lbaJassia mecliates a nov of su1fate 

into the sed1J18Dts shou1d not be exc1.uded. MeJabers Cff the genera PseudoDOnas 

----- -----.------------------- ----



f 
! 
1 
! 

1 
f 

1 

( 

<: ) 

100 

and Vi.bd.o have been found to fi.x N2 (Stewart, 1966). Acco%'d1ng to ZoBell 

(1946b), speci.es of these genera rank first and second :in predominance :in 

the sea, and the acti.ve N2 fi.xer :in the 1'bal.assi.a beds lIdght be a me.ber of 

one of these genera. 

Ni. trogen and phosphorus nutri. ti.on 

of other sea grasses 

'lbe 'lbalassi.a-N2 fi.Jd.ng bacteri.a type of re1aUonshi.p may be character­

i.sUc of many, i.f not .ost, of the mari.ne a.ngi.osperas. Pre11m1nary studi.es 

:1nd1.cate that Syri,ngocHua obta.:1ns ni. trogen from the secHments. A compara.­

ti.ve study' of the ni. trogen nutr1. Uon of the tl1ree mari.ne a.ngi.osperms 

'l'halassia, SIDn8o<l!ua and Di.p1anthera. wou1d be :interesti.ng because of the 

successi.onal. re1a Uons between these sea grasses, and the var1.a tion :in the 

redox potenti.al of the substrates in whi.ch they oceur. 'lbalassi.a i.s restri.ct-

ed to reduced substrates, vIl1le SIDn8o<l!ua and Dip1anthera. oceur on both 

well aerated and strongJ.y reducing substrates. Requ1reaents of Zostera for 

ni.trogen and phosphorus are probab1y s1ml1ar to those of 'lbaJ.assi.a. Report­

ed values of the ni.trogen content of hea1tby green l.eaves of Zostera (Jensen, 

1915r Brandt and Ruben, 1920r Udell et al.., 1969) have a mean of 2.2:.C N. 

Jensen (1915) observed l.ower values in January tban :in Septe.ber. Brandt 

and Ruben (1920) reported the phosphorus content of three sampl.es of Zostera. 

l.eaves as 0.65, 0.35 and O.~ P. ProducUvi. t.Y of Zostera. i.e of the saJDe or­

der as tbat of 1ba1ass1a. AccordJ.Dg to Jensen (1915), producUv1t.Y at a good 

l.ocal.e 18 1920 g dry -.tter/.2 par yea.r, and producUvi.t.Y at a JIOderate l.oo­

al.e i..s 1120 g dry .atter/a2 par yea.r. '!he hab1ts of Zostera are s1"'ar to 

tbose of """-lass1a 111. th respect to the redox potent1aJ. of the secU..ents. 

Wood's (1965) re-.rIœ on 1:b1.s subject have been di..scussed. 'Dle observations 

of OsteD:f'eld (1908) are part1.cularly :interesUng. He observed that l.ea.ves 
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af Zos1;era. are l.ong and. broad on sof't (lIlUddy) bottoms, and short and narrov 

on bard (predolliDantl.y sand) bottoms, and ~sted that the cHf'f'erence :la 

due 1;0 a l.a.ck af soU devel.opment on bard bottoms. He noted a darkeJÜDg 

af -the sed1 went j,n areas of' good grovth, and c:1ted th:1s as ev:1dence of' "'fart­

:1J.i.zation" of' the setHments.' 1be s 1ml1a:d.ty :in requ:1rements and. habits of' 

Zos1;era. and. 'Iba1a s s1a; as vell as the f'act that the ma.r1ne ang:1osperms are 

al.l. cl.osel.y' rel.a.ted, suggest Zostera obta.:1ns ni. trogen from the secUmentB by 

the saas aechan1 sms as "'a1 ass1a. Jensen (191.5) :in f'act suggested that lf2 

f'1xa:t1.on by Cl.ostr1d1.um and Azotobacter Jdght be respons:1b1.e f'or ni.trogen en­

eDri.clœent of' Zostera detr:1 tus :in the sed:1ments. Inorgan1.c n:1 trogen concen­

trati.ODS in teapera.te coastaJ. and estua.r:1ne waters may undergo l.a.rge seasonal. 

nuctaat1ons, and may be compl.etel.y dep1eted d.u::rlng pbytop1.ankton b1.ooms. At 

other tbIes, concentrat:1ons of' N03-lf cons:1derabl.y h:1gher than the h1.ghest 

!IHt,.-H concentration j,n the 'lbaJass1a interst:1t1al. waters may be observed 

(Rocbf'om. 19.51. Barnes, 19.57). In v1.ev of' the ev:1dence that aJdno &cid syn-

thes1s occu:rs in the root of' 'lba1 ass1a, :1t vOlÜd be :interest:1ng to Imov 

vhether Zostera taJœs up n:1 tra tes t'roa the wa ter when concentra t:1ons are 

h1gb. 

It see.s l1ke l.y tbat if there :la an obU.gatory assoc1at:1on between 

Zostara and. reduc1ng coDd:1t:1ons, as Wood (196.5) suggested, tbat :1t :la assoc-

1a;ted, 141:h requ1.reJl8llts for n:1trogen rather tba.n pbosphorus. Does the ex1.s-

1:ence of reduc1ng condi. t:1ons :1n fact bave &DY 1Dfl.uence on the ava.1.l.ab1.l.:1 ty 

of th>sIh»zas 1;0 Zostera? 1he reasons f'or bel,.:1.;."rlng tba t reduc:1ng coDd:1-

tious do DOt have a s1.gD1f':1cant 1n:f'l.uence on the ava.1.l.ab1l..:1 ty of' phospborus 

1;0 ""'a 8 s1a have a.lready been sta:ted. 1he ba.s:1c &rguJl8llt 11&8 that even 

UDder reduc1ng condi.t:1ons (~ al.so product:1on of' bicarbonate by sul.fate-

------------_ .. _-.-. _. 
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phosphoras at rates approach1Dg the uptake af pbosphorus by Thal p-s1a. The 

s1:tuati.on 1d.tb respect. to Zoster& 11&7 be soaellbat di:ff'erent. Zost.era i.s 

t7}dcaJ.l.yan estuar1De plant. 0sten:fe1d (1908) f'ound Zostera g:r:01d.Dg in 

reg10Ds of' &a' 1n1t7 of' 10 to 30 0/00• A large p:oport1.on of' the to'tal. 1.n­

organi.c pbospborus 111 estuar1.ne sed
'
·enta -'7 occur as 1l:on pbosphates. 

lfel.son (1961) used a soU :phosphoras f'ract1.onat1.On procedure to study the 

d.1.Irtrl.ba:t1.on of' psphate in the se'Uwenta af an es'tuar7. He o"bserved tbat 

1ron and. cal.ci.ua phosphates Y&r1.ed syste.e.t1.cal.l.7 &1.ong the estUlLr7. For 

reg1.ons of' the es'tuar7 of' """""'" 'bottoa MJ1n1t1.es of' 10 to )0 0/00 • the 

rat1.o 1.ron pbospbate-to-1.ron p.osphate+cal.c1.ua pbospbate var1.e4 'between 0.61 

ad 0.18. For 16 saap1_ of' .ar1.ne or1.g1.n. the av~ 1IBS 0.04. Iron 

phospba:tes aDd. lQdrous f'err1.c ox1de (on 1Ib1.ch pbospbate "'7 be adsorbed) 

are d1.rectl.7 af'f'ected lIT Eh "because of' tbe reducti.on of' f'err1.c 1.ron to f'er­

roua 1ron UDder recluc1ng CODd1.t1.ons. Ferrous phosphate. un11Jœ f'err1.c phos­

phate. 18 very so1u'b1.e. In the presence of' su1f'1de. the f'erzous 1.ron 1.s pre­

ci.p1.tate4 as f'erzows sul:.f1de. as pre'Y1.ous17 d1.scussed. 1'bese react.10DS oc­

car very rap1dl.7 (Beas BecJd:ag aud IlacJra7. 1956. Sperber. 19.58). Sperber 

(19.58) obserYed tbat the presence of' 1ron ox;1des supptessed rel.ease of' phos­

pbate f'roa 1%'on phosphate aasoc1ate4 nth au1.f'1.de tzeataent tbrougb coapet.1.­

t1.on for 'the sul.f14e, he al.so obsernd. -.rhe 1evel. of' pbospb&te in so1ut1.on 

1.Dg ref'1.x1ng of' pboepbate on the ~ace of' seeqa'oxfde part.1.c1.es.- Increas­

ecl aY&U.ab1l.J.t7 of' pbospba'te 1.n rice paddy soUs f'0110w1Dg fiood1ng occura 

raJd.d1.7 (ew:xeut gro1dDg s_son). aDd. 1.s correl.ated. 1d.'th the a.oant of' pboa­

pbate 1.n1.t1all.7 prumt as 1ron }'Ibuepbate (Bl.acJt. 1968). Tbua 1.t 1.s 11lœ17 

as Wood (1965) augeeted.. that the deYe1o~ of' recluc1ng CODd1.t1.ona in 

Zosteza ."'--rte 1.s a.cooaJAh'ed b.r a re1-..e of' }iao6pbate f'roa 1.ron 
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phosphates. 1he re1eased phospba.te :1s proba.b1.y adsorbed. on the surface of 

the various m1.neraJ. pa.rt1.cl.es in the secHments, a.ud. the interst.1. t.1.aJ. Water 

phospba.te concentrat.1.on increased in accordance w1.th the adsorbed phosphate­

s01ut.1.on phosphate equ1.1i.bd.um of the parUcul.ar system. 1bus phospba.te re-

1eased t'rom m1.neraJ.s Dd.ght const.1.tute a s1.gn1f1.cant source of phospba.te for 

Zostera. at 1east follo~ the 1n1.t1.aJ. co10n:1zaUon of the substrate by 

Zostera. However the work of lofcRoy and Barsdate (19'70) suggests tbat the 

effect of Zostera grow1.ng in the secHments :1s to br:1.ng the internaJ. parts of 

the sectl.ments into, or cl.oser to, a sts. te of ci3nam1.c equ1.11. bd.um w1. th the 

water phosphate or phosphate "poo1 ft (Hayes, 1963) of the estuar1ne ecosystem.­

:rt seems l.1.Iœ1y tbat th1.s; togetber w1.th the increased so1ub1l.1.ty of iron 

phosphates UDder red.uc1ng cond1.t1.ons~ wou1d 1ead to fa1.r1y rap1.d. d.epl.eUon 

of the ava1.l.ab1.e phosphate in the sed1.ments. Rochfo:rd (1951) observed for 

sed1.ments of the 't1dal. zone', the reg1.on of Zostera occurrence in 

AustraJ.1a.n estuar1.es, 1011 total. phosphorus concentraUons, ma."dmnm amounts 

of adsorbed phosphate, and intermed.1.ate amounts of intersUt.1.aJ. water phos­

phate in compar:1son to sed1.ments of the other estua.r1ne zones (mar1.ne, gra­

d1.ent and freshwater)1. 1bese observa.t1.ons are cons:1stent w1.th the above 
--

cons1deraUons concern1ng the affect of Zostera on the s ed1 mentary phosphate. 

:rt seems then, tbat as for 'lbaJass1.a, the sed.1.ments cou1d not be a pd..mary 

source of phospba.te for Zostera over 10ng perj.ods of t1.me. 1be sed1.ments 

may have an 1.Japox tant funct1.on in the phospborus nutr1. t1.on of Zostera and 

other sea grasses~ bollever, by prov1d:1:ng a sort of luf'f'er mechan1 sm for the 

1McRoYand :Barsdate (1970) stated; -aochford (1951) d.eterJûned that 
h18h concentrat1.ons ar phosphate in 1.nterst1:t1aJ.. 1I8.ters resu1 ted 1.n h1.gh 
stancUng stocIœ ar ee1grass.. In a carefu1 xes"l'ng of Rochford 's (1951) 
paper, :r coul.d f1Di no ba.s1.s for th1.s sta-œ..nt. P.resu.Lb1.y lIcRoy and 
Bal:8date (1970) _.vere refeLL1.ng to adsorbed. px,spba.te, DOt 1.nterst.1. t1aJ.. 
va. ter phospba te. 

---------------------------
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phosphate suppl.y, as wa.s suggested 'for 'J'lalassia. 

Stud1.es by Hayes and. assoc1ates (Hayes and ~ps, 1958; Watt and. 

Hayes, 1963) bave shown tbat in aquat1.c systems astate o'f dynam:1c equll.:1-

bd.um ex:1sts between phosphate :in var1.ous phases, :1.e. be'breen d:1sso1ved :in­

organ:1c phospba. te, d:1sso1 ved orga.n:1c phospha. te, part1.cul.a te phosphate (in­

c1udes living orga.n:1sms) and the sed1m.ents (surface 1ayers). ~e rates o'f 

excba.nge betveen these phases vary by severaJ. orders of magn:1 tude, both for 

the d1fferent phases in a g:1ven system, and between siml1ar phases :in d1f­

ferent systems. ~e causes 'for these var1.at1.ons are not well understood, 

bIlt :1t seems tbat trad:1t:1onal. concepts or aeasures of the suppl.y of phos­

phate :in aquat1.c systems are not val.1d. In the context of the work of Hayes 

and assoc:1a tes (op. c:1 t.), the :internal. parts of the sea grass sediments 

m:1gbt be regarded s1mp1y as an am.on excbange resin wh:1ch :1s :in equ:11:1 bd.um 

or quas:1-equ:11:1bd.um w:ith the other phases of the ma.:x:=1.ne or estuar1.ne eco­

syStem w:ith respect to phosphate; but to wh:1ch the sea grasses bave more or 

1ess exc1us:1ve access. In the same context, :1 t wou1d be :interesting to 

know wba. t ro1e the 1arge bacter1.al. popul.a t1.ons on the 1eaves p1ay :in phos-

pba te upta.ke. 

~e s:1gn1.f:1ca.nce of N2 f1.xa.t:1on by free-1:1v:1ng 

heterotroTi c bacter1a in SOBle aguat1.c 

aDi. terrestr:1al.. syste.a 

Assmd.ng that a reasonabl.e es~te of H'2 f1.xa.t1.on in the 'Dla'ass:1a 

sedblen1:s :1s g:1ven b,y lIUl. t1.pl.y1.Dg product1.on b,y t x 2.3% If, then H2 f1.xa.­

t:1on :in a tndcal. 'Jba,'assia stand (p. = 4 gf-.2 par day) :1s est.üa.ted as 

1?O kg N2 f1xed/ba par year, and -.x111UW fi.xa. t1.on (the l3ezauda s1aDd) :1s 

est1a&ted as 590 kg N~ par year. SoBle coaparat1.ve est1aa.tes for otber 

systeas are g1.ven :in ~b1.e lX. It 1.s ev1dent that 112 f:1xa.t1.on :in the 

- ,,--' .. ------'--' ------
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Table IX. Estlmates of N2 fixation in various systems. 

110. lTIftIt lia pwnOH (Ira/la p'" , ... ) IIIftIOD 

1 L .... -.. 110 - 220 li ... 1111 la plut ancl 1011 

lU 820 

1 IIo4ulat ..... 1..,.,. l'&1li' , • 120 " , "'.41 MU. (b1u ........ -lta.) 10, 1', 55 
15 

H2 lllOorpo .... ~lon 

.. lAIe. V1M ........ (.1n17 -ltal) 7 
15 

H2 1naorporaUoll 

110 .... 10110 lAOftlUA 

5 au., .. taPi" and .... l.ultlll'&l IOU. ao-.onl,y 10·50 
15 

H2 laaorporaUoll1 po'ent1&l 
lU 226 ftlu ... 11101l1li. uwld ... pl .. 

6 Qu." .. to ... " IOU. -.. 1 (to .. 100 dq O~2 ... dllnlolll ... pUoat. 
lII'1.ultlll'&l 10 U. -.. 0 II'OVllII •• 1011) IIIIpUq thl'olllh arovlq •• 1011 

1 Ora •• laM IOU, N poop 15a2 ln.orpo .... Uon 
-MU _lon. 2.' 
-1"''''''' la"" (.,,1111 ..... ) 158 
.".vtlll,ra .. 0.1" 
• 10 , MU • 180 Il lII.rolO 4500 

8 IAtolOU. IOU 1IIId ....... en.rat .. ralll tOPl" 720 H lÛa ln .0U 

, Anal. Ion. ot lAIe. 1It.17, Viloon.la ,.8 C~ .... II.Uon 

10 S .. l .. ll" et lAIe. Irl. ..... 0.JI2 ... dueUoa 

11 hla •• la Wl.l 170 
lU 5'0 

tatl.ul_'" to .. , ... opth ot ... l .. nt t .... data ,"'.n Iv ~ et .1. (l'JO) 
~ •• Nd. 50JC lnhrtUtlal _h .. , .ldl.,nt partlole IplOltlO ...... 1" ot 2.6, 
and '11 ... Uoln oon'I'UIII _10. c~ prodllold to _10. H2 tlnd. 

:"';'Ii:.o-"'~'-':"" ~~"t';: "·-.".1,;,;,-,,,,.-,~-~··,··._·,,,,-,.· •• '"l..-._ ....... '. t,,~l :...,.....~ .... :~.'t .. \, ....... -.:.;..:...,:...j,.· ... ..:;"'"'<..;.:4~: ...... I: ... ,. • .:.:;;:: ..... · ........ ~;.~( ... :O'l.,s.l!';"s.~>io.,'~.u. .. +-'ol..,.o.;.~ .... #~-,~ ........ _ .. _· ................ ~ .... ,~ ..... ;.." .... ..;1._.-" ............. _h ......... A.:.._ .• , •• :.. 

RD'IRDIOE 

. .-... 
; \ 
'-.., . 

st ..... (1,66), .. m. .. 
ot l'IJIO'''H w.l •• 
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1baJass:1a-sed.1ment system :1s compa.ra.b1e te 112 f1xaUon assoc:iated w1. th l.eg-

umes. 

Very llttl.e :1s Imown concerJÜDg the quant1.ta.Uve s:1gn:1f:1canee of 112 f:1x-

aUon :in aquaUe syStems, parUcu1a.rly :in the oceans. 1here :1s ev1.denee of 

s:1gn:1f1.cant H2 f1xat1.on by' b1ue-green aJ.ga.e :in l.akes, and. e:1 ther by' or &8-

soe:1ated w1.th b1.ue-green aJ.ga.e :in the Bea (Stewart, 1969). TIro stud1.es uU-

llz:1ng the aeetyl.ene reduct1.on asaal" have :1nd:1.ca.ted appree:1ab1e rates of N2 

f1xaUon by' baeter1a (probab1y heterotroph1.e a.na.erobes) :in sed.:1ments and. 

anoxie waters of l.a.Jœs (entr1.es nos.- 9 and. 10, 1ab1e IX). Other tban those 

of the present study, no asaaYs have been made of N2 f1xaUon :in mar:ine sed-

1.ments. 

Beca.use the :input of ni. trogen :inte the oceans from r:1vera and ra:in wa-

ter :1s much grea. ter tha.n the ni. trogen removed from the oceans by' sed.:1menta.-

t:1on, l.t appears tba"f den1.tr1.f1.ca.t:1on :1s more 1.apol: tant tba.n N2 f1xaUon :in 

regul.a.t1.ng the ni. trogen content of the oceans as a whol.e (Ri. ttenberg; 1963) ~ 

Deni.tr1.f:1caUon :in the oceans :1s a1.so belleved te be the major route by 

wb:1ch N2 f:1xed :in i;errestr1.aJ. systems :1s returned te the atmosphere 

(Hutch:1nson, 1~). 1bus:1t:1s apparent tbat for the oceans as a whol.e, N2 

f1xat:1on ca.nnot assume the s1.gn1.f':1canee :1t bas :in terrestr1.aJ. systems :in 

ma:1n+a1n1ng the ni.trogen sta.1::us, unl.ess deni.tr1.f:1ca.t1.on :1s aetua.l.l.y oecur-

r:1ng at a much grea.ter rate tban tba t requ1red te1:al.ance the exeess of 1.n-

put of ni. trogen :inte the sea. In sp:1te of the l.arge 1.nput of ni.trogen 1.nte 

the sea, bovever, ni.trogen :1s probab1y the nutr1.ent most frequentJ.y l.1.a1.t1.ng 

produet1.on :in the eupbot1.e zone (By1;ber and Dunstan, 1971). 'lbus H2 fixa.­

tion coul.d be of s1.gn1.f':1cance 1.n the eupbot1.e zone. 

~ :1s good rea.son te bel.1.eve tba t H2 f:1xa t1.on :1s of general. s1.gn1.f'1.­

canee :in the eupbot1.e zone of trop1.caJ. va:ters. It 1.s on1y 1.n trop:1cal. 
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waters tbat s1.gn1.:fj.cant N2 f:1xa.t1.on bas :ln fact been dellOnstratedl rates as 

bi.gb as 2 ug N2 f1.xed per ~1. tre per hour have been demonstra ted :ln trop1.~ 

waters ciurülg heavy bl.OOJDS of flle b1.ue-green a1.ga 1r1.chodesDdum (Dugdal.e, 

Goering and- Ryther, 19641 DugdaJ.e and Goer1.ng, 1967). Trlcbodesll4um l.s 

of'1;en 1he doDdDant aember of trop1.~ phytopl.ankton (Wood, 1965). Corre~­

at1.on betveen 14002 uptake and N2 f:1xa.tion suggests tbat ~chodesDdum l.s 

the a.cti.ve 52 f:1xer. There 1.s strOng presumptive ev1.dence for N2 f:1xa.tion 

b7 the p1nk yeast Rhodotorul.a, an orga.n.1sm which bas been observed :ln high 

lltUlbers :ln trop1.cal. waters (Al.l.en, 1963). 1he present study bas demonstrat-

ed the 1mpn:; tance of H2 f:1xa. tion to ~assia. ~assia and coral. reef COJll­

JmJÜt1es are flle lIOst bj,ghly productive co~ties :ln tropical. waters. Odum 

and Odua (1955) and Wood (1965) expressed flle opinion that 52 f:1xa.tion by 

50stocaceae may be of 1Japortance to flle coral. reef' ecosystem. 

SeveraJ. workers 111 the ear~y 1900·s demonstrated ~ge numbers of 

Azo'to1acter :ln associAtion w1'th flle s1:1J1le of seaweeds, and a1.so :ln associa-

tian wi'th pby1;op1.ankton, and it lIaS suggested tbat 'there may be a symbiotic 

type of' re1ationsMp between a1.ga.e and N2-f:1x1ng bacter1.a (rev1.ewed b,y 

WalœllBD et aJ.., 19331 ZoBell, 1946b). 'l'bi.s suggestion deserves reinvestiga­

tian. Al.ga.e are known to excrete large amounts of organ1.c matter, (Fogg, 

1962). G1.ven aa association of' 5 2-fj,xing bacteria wifll a1.gae, there seems 

to be DO reason to suppose tba. t these bacter1a wou1d DOt f:1x sj,gn1:f'1.cant a-

.oun'ts of' m tzogen, pa.rt1cul.ar1y if' m trogen were 1i.l11. t1ng. It shou1d a1.so 

be D01;ed tha.t l.t bas DOt been de.,nstrated con~us1.vely tbat 52 f:1xa.tion as­

socia1;ed with Tr1chodesaiUll--unl..llœ other 5 2-f1x1ng Cyanopbyceae except pos­

s1.bl.7 Cl.eocapsa (Wyatt and Sllvey, 1969), Tr1cbodeanua doea DOt posaess het­

erocysts-i.s not 1acter1al. :ln ori.g1n. A poaa1.bl.y ana1agous s1.tuation occurs 

i.n 1;be pbyl.l.oapbere of tropicaJ. ra1n foreats 1Ibere Azoto1:acter and 
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Be1.jer1ncld.a. are be11.eved to f'ix s1.gn1f'1cant amounta of' N2 us1.ng 1eaf' ex-

udates as energy substrates (Ruinen, 1961, 1965). 

'lbe s1.gn1.f'1.cance of', N2 f'ixation by f'ree-11ving bacteria 1.n terrestr1a1 

systems 1.s not well understood. Prior to 1949, Azotobacter and Cl.ostr1.d1.um 

were the onl.y N2 f'ixers known. In generaJ. Azotobacter vas cons1dered un1.m-

portant 1.n N2 f'ixation beca.use of' the 10w numbers in wb1ch 1t occurs. 

'Cl.ostr1d1.um vas rare1y cons1dered a taU, presuma b1.y "beca.use 1 t vas assumed 

that there coul.d not be s1gn1.f'1.cant N2 fixation under anaerob1c cond1.t10ns, 

or that a.naerobic cond1.t10ns did not exist 1.n the sol1s. li though members 

of' many genera have s1.nce been f'ound to f'ix N2 , 11ttle 1s !mown of' the dis-

tr1.bution and activ1. t1es of' N2-f'1.x1ng bacteria other than Cl.ostr1.dium, 

Azotobacter and Be1jerinclda. It 1s bel1eved however that N2 f'ixation ls 

not l1m1. ted by a lack of' N2-f'1x1ng bacteria 1.n the sol1. 'lbe ma1.n f'actor be-

11.eved to be 1:1m1. t1ng N2 f'ixa tion by héterotroph1c bacteria 1.s a shortage of' 

read1.l.y ava1.1ab1e orga.n1c matter. Experimenta such as those of' Delw1che and 

V1j1er (1956; entry no. 7, Tab1e IX of' th1.s thesis), wh1ch show a marked 1.n-

crease 1.n N2 f'ixation f'ollowing organ1.c matter amendment, are c1.ted as ev1.­

dence tbat organ1.c matter ls normally l1m1 ting. Stewart (1969), in a rev1.ew 

of' tbe eco10g:1cal. s1.gn1.f'1cance of' N2 f'lxat1.on by f'ree-l1ving bacter1a, con­

cl.uded, "'On the vbo1e 1.t appears tbat heterotrophs pl.ay the1.r ma1.n ro1e by 

being w1.de1y d1.str1.b1ted, and f'1.x1ng small. quantit1es of' nitrogen over pro-

10nged per1.ods.. 'lbe s1.gn1f'lca.nce of' -t'1x1ng sma1l. quanti ties of' ni trogen 

over pro1onged per1.ods. woul.d of' course depend on the ra te a t wb1ch ni trogen 

was be1.ng reaoved f'rom the system. Jb)re (1966) reaarked, -rn natura1 sys-

tems 1dl1.ch are ~ c1osed, e.g. soae f'orest and grassl.aDd collJllUll1. ties, 

1011 rates of' fixation (say up to 10 1b/ac./an.) voul.d be adequate to .a1.n-

ta.1.n the n1.trogen statua, wbereas under 1.ntens1ve f'a.rJI1ng colllll.tions, where 

-.------" .. "- -, ."- .... --"-------



i 

1 
1 

1 
f 
1 
f 

1 
1 

i 
1 
! 
( 

() 

109 

large quant~t~es of n1:trogen are removed m crops and by 1each1ng and v01-

at:1l.1.za.t~on, even .50 or more 1b/ac./an. may be inadequate." Assa;ys of HZ 

f:1.xa.t~on b.Y the 1~ tecludque in temperate forest and a.g:d.cul. turaJ. soUs 

pointed ta hi.gh potenti.al.s for HZ f1xat~on b.Y heterotroph1.c bacteria (entry 

no. 5, Tabl.e :IX). However, Dore extens~ve sampling of these soUs through 

the 1970 grow1ng season using the acety1ene reduct~on assay bas in~cated 

"1ow and 1rregul.a.r act~nt~es or no act~rtty" (Dr. R. Know1es, persona1 

coJlUllWli.cat~on, 1971) and 10w average f1xat~on (entry no. 6, Tabl.e IX). 

There ~ good ev1.dence of Mgh rates of NZ f1xat~on by free-1~v1.ng hetero­

trophs in organ1.c-rlch surf'ace 1ayers of some trop~ca1 soUs (entry no. 8, 

Tabl.e :IX). 

L~ttle ~ mo'Wll concerni.ng HZ f1xat~on b.Y 'free-1~ving' heterotrophs m 

the rlû.zosphere of plants. Bath sloughed off root t~sue and root excret~ons 

are cons~dered poss~bl.e sources of energy for N2 fûers m the rh1.zosphere 

(Moore, 1966). The CODlpos~t~on of root excret~ons bas been stwUed in de­

taU for a nua ber of plants (for example, Rov~, 1956, Vancura, 1964), but 

1ess ~ mo'Wll of the quant~t~es of organ~c matter excreted. Harmsen and 

Jager (196Z) detected excret~on of up ta 1.7 mg orga.JÛc carbon per gra.a rM-

zosphere soU of ltheat over a two aonth perloda tlrl.s does not inc1ude the or-

ga.n1.c .atter resp1red by bacterla. There ~ ev1.dence of bath st1JlluJ.at~on 

aud 1.nMb1t~on of lfZ-fûi.ng ba.cterla in the rh1.zosphere (Jurgensen and Davey, 

1970). The on1y 15x s'tudy of an intact plant-soU systea ~ tbat of Delriche 

aud il~j1er (19.56). They obserred very 1~ttle NZ f:1.xa.t~on in a ~trogen-poor 

soU nth grow1ng grass (entry no. 7, Tabl.e IX). A.V. Moore (1963) reported 

n1:t.rogen ga.1.ns in a trop1.caJ. soU-plant systea over a four .ontll ~ 

equ1.va.l.ent ta lfZ fj,xat~on of J30 ta 440 kg HZ fÛed/ha per yea:r, lthUe there 

vas no cba.Dge in the ~trogen content of an unp1anted soU. It see.s 1.llœ1y 
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that short term gaj.ns of th1s order are associated large~y nth use of p1ant 

root excretl.ons. Hassouana. and Vareing (1964) attr1.butedl n1.trogen ga:1ns in 

sand dune soUs to fixat1.on by heterotrophs in the rhizosphere of the p1.o­

neer pl.ant Ammonophlla arena.r1a. Stud1.es by R1.naudo (1970) have prov1.ded. 

the fixst conc~us1.ve ev1.dence of a s1.gn1.f'1.cant rh1.zosphere affect on N2 fix­

at1.on. He carr1.ed. out studi.es of acety~ene reduct1.on and N2 fixat1.on 

(Kje~dab1 techn1.que) on an intact r1.ce-p1ant soU system. The rates of acet­

y~ene reduct1.on observed. in the ~osphere soU. 8.2 to 22.8 n mo~es CZI4 

produced/ g soU pei: hour for the 24th hour. are of the same order as the 

rates observed. for the g1ucose amended. Tbal.assia s9lH.ments (10.3 n mo~es Ci14 

produced./g sed1.aent par hour •. ay-er&ge for the anaerobic amended sampl.es). 

Cutting of the r1.ee pl.ants resul.ted in an 80% decrease in the rates of acety­

~ene red.uct1.on nthin 2J.I. hours. and in neg11.g1.b1.e rates after f1.ve days. 

Compa.r1.son of acety~ene red.uct1.on nth N
2 

fixation va.l.1dated the 311 ratio 

for est1mating N2 fixation fro. acety~ene red.uction. It 1.s well known tbat 

grovth of r1.ce is best under co~t1ons of fl.ood 1ng. and tbat sucb cond1.tl.ons 

favor the maintenance of soU fertU1.ty. Prior to Rinaudo·s (1970) study. 

th1.s affect was attr1.buted 1arge~y to N2 fixation by b1.ue-green aJ..ga.e. 

R'naudo·s (1970) work inc~uded. .easureaents of a number of JD1.crob1aJ. pro­

cesses in s1.tu. and ~1;a.1 st1ld1.es of 'the affects on N2 fixation of 

subaergence. ~1DdDa.t1.on. orga.n1.c a-endwent. n1.trogen a.mendDent. oxygen and 

(as d1scussed above) rb.1.zosl!here st1lml.ation. In s1.tu studi.es 1nd1.ca.ted 

tbat subaers1.on creates cond1.tl.ons favorab1.e for N2 fixation by ra1.sing the 

pH and blduc1.ng es1;a.bl1shwen t of sew'anaerob1.c concH.tlons. Fra. counts of 5 2-

fixing organi.sJIs he con~uded 1:hat 112 fixation in r1.ce soUs 1.s essentially 

the work of blue-green aJ.sae and most:r1.tH.ua, densi t1.es of these organ1.sas 

in s1. tu of the arder of if? /g were con.s1.stentl.y observed. 
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prov1.ded ev1dence for the following points as well as the above ment1.oned 

rlüzosphere affect. 

(1) Submers1.on favors H2 f1.xing act1.v1.ty of r1.ce so1.1s. 

(2) Per1.ocfic submers1.on bas on the whol.e greater effect tha.n con-

stant submers1.on. 

(:3) Oxygen bas an 1nh1.b1:tory- affect on H2 f:1xa.t1.on which 1.8 ap­

preciabl.e at a P02 of 0.01 atm. 

(4) Add1. t1.on of NHq.-N to so1.1s sl.ows down or stops N2 f:1xa.t1.onJ 

howaver, there appea:rs to be a fairJ.y h1.gh tbreshol.d val.ue 

for nat1.ve (versus added) NH4-H. Beyond th1.s threshol.d, N2 

fixing act1.v1. ty dec:reases rap1.dl.y, and a l.oss t'rom den1. tr1.f1.-

ca t1.on becomes apparent. 

(s) Vegetat1.ve res1dues (straw or roota) g1.ve rlse to a f1x1.ng 

act1.v1. ty loess 1.m.portant tban one m1.ght tb1.nk. 

(6) L1.ght energy perm1.ts an intense N2 f:1xat1.on by photosynthe­

t1.c mi."c:roorgan1.sJIIS, 1.n the firSt rank of which are bl.ue-green 

a1.ga.e. Howaver, the l.1.ght effect 1.8 apprec1.abl.e on1.y at the 

l.evel. of the so1.1 surface. 

V1. th reSpect to rh1..zosphere H2 f1xa.t1.on he concl.uded, "La. f1xa.t1.on d'azote 

au n1.veau de ].a rh1..zosph'ere est d'un n1.veau remarquabl.ement èl.evé ••• En 

rcdson de 1.' é'pa.1sseu:r de sol. prospeet6e par l.es rac1.nes, et de l.ar dens1. té' de 

.... '-' 
1. 'enra.c1nement, 'l.'effet rh1.zosphère' ~t etre l.e facteur majeur de 

1. 'enr1.ch1.ssement en azote des sol.s de r1.z1.'ères. ft 

soU H2 f1x:1ng system to the 'JbaJassia-sed1men t N'2-f1.x1.ng system in' many re­

spects cannot be cons1.dered. coinc1.denta:l.. it 1.8 noteworthy i:ba.t severa]. of 

the most h1gb1y product'-ve COJGllllÜ.t1.es l.1.sted. in 'labl.e i are systems 111 

vh1.ch the soUs are su1:aerged and probab1y strongl.y rednc1.Dg. it d.oes not 

-------------._. ~ .... '-"~ .. ~'-_ .. _-~._._'_.~- .-
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seem unwa.rranted to suggest that rlûzosphere.· HZ f1xa.Uon may be 1.mportant 

b the lua.intenance of the m.trogen statua of coIl11llUll1.t:1es such as saJ.t marsh-

es, mangrove s1!8JllPS and reed swa.mps, as well as of sea. grass beds and. r:1ce 

pa.ddj.es.· Beca.use of the s:impl.:1c:1 ty of the TbaJ ass:1a. sediment HZ f:1x:1ng 

system, stud::1es on th:1s system may be of va.1ue b understand1ng more gener-

al. aspects of plant-N2-f:1x1ng ba.cter:1a. rel.a.t:1onsh:1ps. 



C) 

113 

v. SUMMABY 

1. The quest1.on of ba.s1.c concern to th1.s stud.y wasl hov are h1.gh rates of 

prod.uct:1on b7 the trop1.caJ. -.r1.ne ang:1ospera 'J.'baJ ass1a testud1nua lCÔn1.g 

-.1.Dta1ned 1.n the notab1.y nutr1.ent-poor trop1.cal. waters? 

2. Correlat:1ons betveen produc't1.on of 1ea.f' tissue per erec't shoot (Pa) and 

(1) rh1.zoae wa:ter so1ub1.e 8JIIlOn1.ua (~ acld)-N. and. (11) rh1soae 

vater 1I01ub1.e pbosphate. 1nd1.cate tba:t a1gn1:f'lcant pt"Oportlons of the 

n1.trogen &Dd pbosphorus for 1eaf grovtb a.retaken up fro. the substzate. 

3. For one saap1.e lt vas estt.ated that 9O;C of the rh1.zoJle _:ter s01ubl.e 

-..on1.ua (~ acld)-H vas der1vecl fro. aa1no ac1ds. 

4. 4Â slllp1.e 11.near relat:1on between Pa &Dd total. 1.nterstlt1a1 vater aaaon1.­

ua 1.n the root J..ayer 1Ddi.cates tbat (1.) 1eaf grovtb at the aajorlt,. of 

staDds _tudi.ed vas 11.a1.ted b;r avallabll1t,. of n1.trogen. (1.1) v1.rtual.l.,. 

a11 n1.trogen for 1eaf grovth co __ fro. the subst.ra.te. and (1.11.) a stea.ciy 

_tate v1.th respect to the n1.t.rogen statua of the sed'wmts 1.s aa1.nta1.ned 

cwer relat1ve1y short per1.ocls. 

S. Dar1Dg per:1ods of beayy- ra1.ns at Barbados. cb1or1.n1.t,. of 1.nterst1t1a1 

1Iater 1.n the TtwJ-_a1a sed'wents Y&r1.ed 1rregular1y nth depth 1.n tM 

6. 'lbere 1.s a correlation betveen 1.nterst1t1a1 water aaaoni.ua amd the &IIOUIlt 

eed1 went. 1.nterst1t1a1. vater ...,n1.ua aaounts to on1y about 2:C of the 

• ..",,1ua 1.n sea vater extracts of thé sec11.aents. It appears tbat lIOSt 

or 'the. "'ua 1.n 'the sed' wmts 1.s. k'yadsarbed on secUaentar,r par­

tiel_ (saDd. s1.zed slœl.etal. carbona:t._ predoll1Date) as a resul.t of the 

D.,,:t.1. .. cbarge of eed1 ... :tary part1.c1_ iD .... water. 

7. JIost or the eec!
'
eenta conta'ned approx1.aatel.y O.02h!iC Hel. 801ub1.e 

--------------_." ...•..... - ...... . 
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phosphate phosphorus. Only a sma1l proportion of this phosphate is read­

llyavallable in sea water; most is probab1y occ1uded with1n ske1etal. 

carbonates, and is thus not avallable ta Tba.1assia. 

8. The decrease of phosphate in successive sea water extracts of 'lba.l.assia 

sediments suggests that the read11yavallab1e phosphate ls adsorbed on 

the surfaces of sedimentary partic1es, as bas been observed for sol1s. 

This is a chemica1 type of adsorption, as opposed to the cou1omb1.c type 

of adsorption of ammonium. 

9. The phosphate concentratiol1l!l in sea water extracts of the TbaJ.assia 

sediments lIere greater than the concentrations of phosphate in the in-

terstitia1 water in situ. It is be1ieved that the difference 1s assoc­

iated with (i) bacteria1 retention of phosphate in situ, and (li) reduc-

ed amounts of intersti t1a1 water and adsorbed su1fate in si tu as a re-

su1t of su1fate reduction, and consequent greater adsorption of phosphate. 

10. Because (i) the 'lbaJ.assia sediments are predominant1.y of marine ongin, 

and (ii) interstit1a1 water phosphate concentrations are 10ll, it is be-

1ieved apatite is the onl.y crysta11ine phosphate that cou1d be in contact 

with the interstit1a1 water. 

11. pH of sed1.Jllent saap1es from the 'lbaJ.assia root 1ayer varied froJll 7.0 ta 

7.9, and Eh, fro. -178 ta +~ JIlV. Eh data and general. observations in-

dicate tbat a reduced root 1ayer is essent1a1 for normal. deve10paent or 

good growth of 'lbaJ.assia. Occurrence of ferrous su1fide is not a re1i-

able 1nd1catar of the occurrence of reduc1.ng conditions in 'Ihal.assia 

sed1Jaents because ava11ab1l.1ty of iron ratber tban su1fide aay l.1a1t 

ferrous su1fide foraation. 

12. Tota1 muabers of bacter1a in 'J.'baJaesia root 1ayer sed.1aents est1aated by 

plate counts and d11ution-ext1nction counts (aerob1.c and anaerobic 

... _----_._ .. _-------
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incubation) were of the order of 105 to 10
6 

par gram wet wej.ght 

sedhent. Numbers of sul.fate reducers were of the order 103 to 105• 

lH.gh numbers of sul.fate reducers were detected in two sampl.es from well 

aerated surface sedhents. Circumstant1a1 evidence 1ndicates these 

were active with1n reduced microenvironments in ske1eta.l. carbonate 

grains. 

14. For a typical. Tbal.a.ssia stand it was est1ma.ted there wa.s suf'ficient 

avaUabl.e phosphate in the sediment to satisfy phosphorus requ1rements 

of Thal.assia for 300 to 1000 days, and suf'ficient ammonium-N to satisfy 

nitrogen requirements for 5 to 15 days. 

15. Renewal. of ni trogen and phosphorus removed from the sediments by 

Thal.assia can not be accounted for by decomposition of organic matter, 

or by diffusion of nutrients from the sed1l:lent-water interf'ace. 

16. It 1s bel.ieved that apatitic phosphate in the sediments cou1d not be a 

s1gn1ficant source of phosphate for Tbal.assia because of the sl.ow rate 

at wb1ch apatite dissol.ves. 

17. It 1s concl.uded that the sediments are not a pr1mary source of phosphate 

for Thal.assia. It is bel.ieved, however, tbat the sediments act as a 

sort of stora.ge ba.nk for phosphate taIœn up from the sea water by 

TbaJ.assia. 

18. The on1y way to account for the maintenance of the nitrogen statua of the 

sed1.aents 1s by postul.a.ting high rates of N2 fixation, preswaa.bl.y by het­

erotrophic a.naerobes. 

19. Acetyl.ene reduction assaye of N2 fixation in sed1.aent sampl.es froJll a 

Thal.assia stand were ca.rr1ed out with the cooperation of Dr. R. Knowl.es 

of Macdonal.d College, HcGUl. Un1.versity. Reg1.1g1bl.e rates were observed 

in unaaended saapl.es, but for sa.apl.es te wb1ch g1.ucose })ad been added, 

- ---------- _._--_.- ... - .. 
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the rates of HZ fixation corresponded ta est1mates of the rates required 

ta sat1sfy demands of ThaJ.assia for nitrogen. 

zo. It 15 conc1uded tbat rh1zosphere. HZ fixation by' heterotroplllc anaer-

o bas 18 the source of ni trogen for ThaJ.assia. Organ:1c matter excreted 

by' ThaJ.assia serves as energy substrates for the HZ-fixing bacteria. 

Z1. Al.though l.arge amounts of organ1c tissue are produced underground. 1.t 1.s 

apparent that tb1.s mater1.al. does not serve as a s1.gn1f1.cant source of 

energy for HZ-fixing bacter1.a. 

22. Considerations based on shoot dens1t1es :1.nd.1cate that the rh1.zosphere bas 

a ma:d mlm extent of 1.8 cm from the root (w1 th respect ta HZ fixation). 

23. It 15 be11eved tbat the requirement of ThaJ.assia for a reduced substrate 

1s associated w1th requ1rements of the HZ-fixing bacteria, and w1th 

grea.ter overal.1 eff1c1.ency of the ThaJ.assia-sed1.ment HZ-fixing system 

under anaerob1c conditions. 

-----------------------
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PLATE 1 

PORTIONS OF THE THALASSIA PLANT 

a. (1ef't) Di.ata1 end of' young 1ea:t, 1ii.p intac1i, 
(ri.ght) di.sta1 end of' 01der 1ea:t, encrus1ied wi.1ih ca1car­
eous a1gae, and ti.p broken of'f'. X2. 

b. A porti.on of an erect shoot wi.1ih dead 1eaf 
ti.ssue removed 1io show 1ea:t scars. 

c. Rhi.zoae growi.ng ti.p and young erect shoot. X 1. 
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PLA!rE II 

UNDERW.A.TER PHœfOGRAPHS OF THALASSI.A. BEDS 

a. Typ~ca1 ThaJaaaia atand. Leaves approximately 
25 ca height. 

b. Thal a~ia stand overgrown. by Avrainvi11ea raw­
aonil and IYra~vf!1ea nigricans. F1abellate aiga CA. 
ügr!cans) approx ate1y 15 cm height. 

c. Ero8iona1 scarp in cobb1e framework substrate 
area. Approximately 0.5 m re1~e:r. 

d. Eros~ona1 scarp in predoalnant1y sand substrate 
area. Long, unbranched erect shoots of !rhalassia are 
approximately 25 ca 1ength. 
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·PLAD· 1:1:1: 

PHMœ1:CROGRAPHS.OP.TH:IN SEC~1:0NS OP HOMOTREMA 
. DEBRIS .. Df BESEDI:IIBft . 

a. Al.1 chaabers·. ~111edwlthi.ron suUlde. X 28. 

b. As ~or (a). x 135. 

.. . .'. c. ..' Iron .uUlde 1I1fl11J.Dg res1;rlc1;ed . 1;0 ~e. 
ch_bers. X -28. . . . .' 

4. No bon .uU14eWl111Dg. X 135. 
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APPENDIX A. ESTIMATION OF GROW'l'H RA'IE, PRODUCTION 

AND AGE OF ~~ 

INTBODUCTION 

Methods of est1ma.ting product1.on based on seasonBJ. :1ncreases 1.n b1.omass 

are not appl.1.cab1.e to. p1a.nts such as TbaJ.ass1.a beca.use rates of product1.on 

and l.osses of l.eaf t1.ssue are approximate1y constanttbroughoùt the year. The 

vaJ..1.d:1:ty of appl.y1.ng techn1.ques of est1.mat1ng product1.on based on measure­

ments of oxygen product1.on to aqua t1.c p1ants bas been quest1.oned because of 

the retent1.on of metabol.1.c gases ld.th1.n the l.acuna.l. system (Hartman and 

Brown, 1967). The 14C teclm1.que as app11.ed to aquat1.c pl.ants (Wetze1, 1964), 

wh1.l.e. usefu1 in experuentaJ. stuclies, 1.s obv1.ous1y l.1.m1.ted 1.n app11.cat1.on to 

rout1.ne stud1.es of product1.on 1.n the f1.e1d. Z1.eman (lt3, 1968) measured 

growth of '1baJ.assia l.eaves by the el.egant1y s1.mp1e techzüque of marId.ng the 

l.eaves rtth meta1 stap1es. Very 11.tt1e 1.s Imown of the age, growth rate and 

production of undergrol!'tld. parts of aquat1.c ang1.osperms (West1ake, 1965). 

Observat1.ons of 'lhal.assia at Barbados iruUcated that there might be a 

si.mpl.e re1at1.on between the max1.mum l.ength of 1eaves 1.n a stand and the av-

erage growth rate of the l.eaves. Variat1.on 1.n 1ength of ThaJ.a,ssia 1eaves bas 

been observed b,y severa1 workers (PIüll.1.ps, 1960r Strawn, 1961; b.R." Moore, 1963) 

and bas been associa ted w1 th varia t1.ons 1.n depth of wa ter, t1.des, t1.da1 zone, 

air and water tempera.tures, llght and turb1.d1.ty, and growth of epiphytes. 

However, no c1ear d:1.st1.nction bas been made be,tween variation 1.n 1eaf 1ength 

due to actual. brealdng off of the 1eaves, and variat1.on due ta d:1fferences 1.11 

growth rates of the l.eaves. Such a d:1.st1.nct1on 1.s not easUy made because 

the actual. 1eaf 1ength 1.n a ~ven s1.tua.tion appears ta be 1n:f'l.uenced b,y a 

mmber of factors. One of the most hportant factors detem1.n1ng the aa.x1-

aua l.ength of l.ea.ves 1.s the degree or rate of encrustat1.on of the leaves by 

\ 
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cal.careous ep~phytes (Mel.obesia and Fosl.~el.1a spp). Dense growth of these 

ep~phytes on Tbal.ass~ l.eaves .~s a common phenomenon (p~~ps, 1960; 

Tayl.or, 1960; Humm, 1964; Land, 1970). Growth of Thal.assia l.eaves takes 

pl.ace l.argel.y or ent~el.y at the basal. mer~stemat~c reglon of the l.eaves. 

New l.eaves ~se at the apex of the shoot; success~vel.y ol.der l.eaves are pro-

gress~vel.y further removed both l.ateral.l.y and vert~cal.1y from the shoot apex, 

and are al.ternatel.y arranged. Thus the rel.at~ve ages of l.eaves on a shoot 

may be determined by the~ pos~t~ons rel.at~ve to the shoot apex or youngest, 

~ermost l.eaf (Phll.l.~ps, 1960). At Barba.dos, dense growths of cal.careous 

ep~phytes occurred on the d~stal. (ol.der) parts of a1.1. l.eaves except for the 

youngest l.eaf on a shoot on wh~ch there were no ep~pbytes or they were Just 

beg1.mrl.ng ta devel.op. The or~g1nal., rounded l.eaf t~p was observed onl.y on 

the youngest one or two l.eaves on a shoot; the or~g~ t~ps of ol.der l.eaves 

had been broken off and the d~stal. parts were heavUy encrusted by cal.careous 

al.gae (PLate Ia). Infestat~on by cal.careous ep~phytes apparentl.y weakens the 

bl.ade, proba.bl.y both through st1mul.at~ng decay and. through the stram ~mposed 

by the weight of the cal.careous ma terial., and eventual.l.y resul. ts m breaIdng 

off of the infested parts of the l.eaves. It was postul.ated that m the ab­

sence of heavy g:raZ1ng, the max~aua l.engtb reached by a l.eaf ~s determined 

aa.1nl.y by (1) the growth rate of the l.eaf, (2) the rate of infestat~on by 

ca1careous ep~pbytes, and (3) factors such as wave act~on wb1.ch mec~cal.1.y 

a1.d the actual. 1Jreaking off process. Exa.1nat~on of l.eaves ~cated l.~ttl.e 

var1at~on m the degree of encruStat~on by cal.careous ep~pbytes between var1.-

ous stands at Barbados. Th:1s, and observat~ons of marked dUferences m max-

1.aua l.eaf l.ength between adjacent stands (~.e. stands subject ta the saae 

l.evel. of Mave a~on), suggested tbat var1.aUons m l.eaf l.ength are due .am­

l.y ta var1.aUons m growth rate. Observat~ons on growth rates utU1z~ 
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Z:teman • s (lof), 1968) tecbn1.que of stap1.nlg the 1eaves were made a t a ser:tes 

of stands of d1.ffer:1ng 1eaf 1engths to deterDdne :if there was a si.mp1e rela­

t:ton between the max:tmum 1eaf 1ength :in a stand and the average growth rate. 

At the same the, data were obta:ined for the' purpose of exami.n:1ng therela­

t:ton between product:ton and' standi.ng crop (wet wt :includ:ing ep:tphytes), and 

exam:tna.t:ton of cèrta:in character:tst:tcs of underground parts suggested a means 

of est1mat:ing age, growth rate and production of the underground parts. In 

previous studies of Tha1assia beds (Appendix B), '1bal.assia stands had been 

descril:leci :in . terme of the standing crop (wet wt :inc1ud:tng epiphytes), average 

1eaf w:tdth, and the max:tmum 1eaf 1ength (given as the average 1ength of the 

10ngest 10 leaves :in a sample of 1eaves from a 3/16 .2 area). thus it was de­

sired to· determ:tne the re1at:ton of growth rate and production to these sta-

tistics. 

MATERIALS AliD ME'lHODS 

In1. tia11y 13 stands of d:tff'ering ... :u mum 1eaf 1engths were selected for 

study (Ser:tes 1). N:ine of' these stands ware at Bath and four at St. Lawrence 

(Barbados). '!he Bath '1bal.assla bed :ta on1y partially protected from wave 

action 1 stands :in the seaward area of i:h:ts bed were subject ta strong wave 

action, and stands :in the :tnsbore a.rea, to moderate wave action. '!he 

St. Lawrence TbaJ.assla bed lies :in the 1ee of a rubbl.e reef, and was subject 

to JIIOdera.te waye action. Growth rates "ere deter.dned by p1ac:1ng meta1 sta­

p1es at a f'ixed hei.ght above the substrate on 50 leaves w:tth:tn a 1 .2 area of 

un:tform growth of' Thal assia and deterJdn1ng the he:tght of the stap1es after 

5 days. Stap1es, oriented vert1ca1.1y, vere p1aced at 3 cm heigbt :in stands 

of' genera.ll.y short 1eaves, and at 5 ca he1gbt :in stands of longer leaves. ' 

Pos1;s., were :tnserted :in the substrats te check for changes :in the substrate 

(ref'erence}~eve1. On eacb of' 10 1eaves :in a stand of 10ng 1eaves (Series 1, 

----------------------_._--------'-... _--



o 

o 

1.37 

no. 13). a second stapl.e was pl.aced 3 cm above the first stapl.e and the inter­

val. measured after 5 days; the average intervaJ.. for the 8 recovered l.eaves 

was 3.2 cm. :1ndicating l.1.tt1.e or no el.ongat1.on above the l.evel. of the first 

stapl.e (Z1.eman. z.5 1968. reported that 18}l; of the total. el.ongat1.on of the 

l.eaves he stud1.ed took place above stapl.es placed at 3 cm hel.ght àbove . the 

substrate). Averagegrowth rates vere cal.cul.ated by d1.v1.d1ng the sum of al.l. 

measured growth 1.ncrements b.Y the number of l.eaves observed. A sampl.e of 

l.eaves at each of the standS was ta.ken from a 3/16 m2 area (three separate 

1/16 m2 areas combined) b.Y cutting l.eaves at substrate l.evel.. For each S&m­

pl.e, the l.eaves vere counted. l.engths of 20 to 30 of the l.ongest leaves and 

v1.dths of 50 l.eaves measured. and the vet vel.ght of the sampl.e was determ1.ned.. 

'!he observatl.ons of the Ser1.es 1 stands demonstrated surpr1.s:1ngly l.arge 

d1.fferences between the growth rates of l.eave~ w1.th1.n a stand; for exampl.e, 

1.n the stand of h1.ghest average growth rate, the 1.nd1.v1.dual. growth rates var­

l.ed over the ent1.re range O.ta 17.9 mm/day. Because of thl.s, l.t was thought 

that the average growth rate est1.ma.tes m1.ght be hl.ghl.y b1.ased because the 

youngest l.eaves (l.ess than 5 or 3 cm at the t1.me of marldng) vere not incl.ud­

ad 1.n the measurements. TIro other stands (Serles 2) 1.n whl.ch the 1.nd1.v1.dual. 

shoots vere w1.del.y separated and thus eas1.l.y d1.st1.ngu1.shed. vere sel.ected for 

growth rate observa.t1.ons. One stand was in the seaward area of the :Bath 

Tha-'ass1.a bed (strong waye actl.on). and one was at St. Lawrence at 1.8 la 

depth (moderate waye act1.on). All. l.eayes on 25 shoots at :Bath and on 12 

shoo1:s at St. Lawrence vere aa.rked. 1hose too short to be ma.rked at the 

5 ca l.evel. vere markecl by a bor1.zonta.l.l.y or1.ented stapl.e, and the l.ength of 

the l.eaf and 1. ts part1.cul.a.r shoot noted. After 5 days. the posl. t1.on of the 

stapl.e, the to'tal. l.ength of the l.eaf, the l.eaf w1.dth, and the presence or ab­

sence of the cri ginaJ l.eaf t1.p vere detera1.ned for each l.eaf. Vet ve1.ght of 

---,--:----------_ ... _--------_. 
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aJ.l. l.eaves combü1ed vas determ1ned. Average growth rates of these stands 

vere ca.l.cu1ated b,y add1ng aJ.l. inerements of growth. i.ncl.ud1ng the total. 

lengths of l.eaves wh1.ch emerged after marldng. 

The dry wt/vet wt rat1.o of Th8J.aas1.a+ep1.phytes was determ1.ned (as part 

of prev1.ous st.ud.1.es) ori 14samples vaXyblg in wet ve1.ght betveen 40 and 

285 gJ the dry wt/vet wtrat10 of SlriDti5o<Hwil+eP1.phy't8s was deteftd.ned on 11 

sampl.es vary1.ng 1.il wet ve1.ght between 59 and. 269 g. The proport1.on of the 

dry we1.ght of 'l1lal.ass1.a+ep1.phytes due to câl.Ca.reOUsm8.ter1a.l. was est1.mated 

for one sa.mpl.e of 'lbalass1.a as.th8 l.os~ Çjf dry vt follo1dng t.reatment of 

23 g dry wt 'l'11aJ.ass1a+ep1PhYtes nth d1.l.ute HOl. to d1ssol.ve the ca1ca.reous 

mater1al.. 

Ep1.pbyte-free portions of 1eaves vere cut from' 8 eaillp1es of 'l'bal.ass1a 

of d1.ffer1ng average w1.dtbs and dr1.ed to cons-tant we1ght to detera1ne the 

dry wt/cm2 ofep1.pbyte-freel.eaft1.ssue. 

Lea:f' growth rate and product1.on data obta1ned in a subsequent study of 

a BerJlUda 'Ibitl,a ss1.a stand (Sect1.on III) are 1.ncl.uded here for compar1.son vi th 

the Barbados data. Vave aèt1.on and the degree of encrustat10n b,y ep1.phytes 

lIere not1.cea'bl.y 1ess 1:ban at Barbados. AU l.eaves on 13 shoots vere marked 

1.n the S8.JIle way as vere· the Series 2· Barlados stands. and the pos1. t1.ons of 

the stap1es vere detera1.ned after 43 hours (1400 br Aug. 28 to 0900 br 

Aug. 30). Tc est1aa.te daUy rates. resul.ts vere JIUl.t1.p11.ed by 48/4:3x2. 

Lea:f' stat1.st1.cs (average w1dth. _Yi ... l.eaf length. wet wt. dry wt/wet wt 

rat1.o. dry wt/c.2 of ep1.phyte-f'ree l.eaf' t1.ssue) are lased on a saapl.e of 

l.eaves f'ro. 20 shoots in the saae stand. 

For .",.-' na t10n of underground parts. sect10ns of rh1.zo.as and assoc1.a 1;-

ed shoots and foUage leaves vere obt;o1ned at erosloD&l. scarps wbere the UD­

dergroand parts had been exposed b,y erosl.on and thus were easUy re.aved 1.n 
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~ULTS AND DISCUSSION 

Average growth rate and the maximum 

l.ength of· l.eaves in a stand 

Two measuresof the 'average maJdmum l.~ l.ength ~ ··of a stand were ca.l.­

cuJ.at.ed from the data of the 3/16 m2 sampl.es of the Seri.es 1 StandSI (1) L~, 

the average l.ength of the l.ongest. % of the l.eaves, and. (2) L10' the average 

l.ength of the l.ongest. ~O ~eaves in the sampl.e. The l.oca.t.i.ons, approrlmate 

depths bel.ow m~ l.ow water (the Mean Udal. range i.s appro:ld.ma.tel.y 0.7 m, 

the diurnal. range 1.1 ml Lens 1960b), the number of l.eaves ion the 3/16 m2 

sampl.es, the l.e~..h of the l.ongest. l.eaf', the L10 and L,5'% measures of the 

average maJd.mum l.eaf l.ength, and the observed average growth rates of the 

Ser1.es 1 stands are gi.ven ion. 7abl.e X. . Average growth rate i.s pl.ot.ted agai.nst. 

L,5% in Fi.g. 10. It. i.seV1.dent. tha.t the d.1fferences in ma.x1.mum l.eaf l.ength 

between the vari.ous stands were associa t.ed ma.1.nl.y n th d1.fferences ion the 

growth rates. 1be l.east-squares regressi.onof average growth rate (G) on 

G = 0.318 L5% - 1.40 

where G i.e ion mm/day. and L,% i.e in ca. 

1be est.1Drates of average growth rates of the Ser1.es 1 stands may have 

been blased because (1) l.eaves l.ess tban 3 or 5 cm a t. the t.1.ae of mark1ng 

were DOt -.rked, and (2) ol.d or young l.eaves Jlla7 not. bave been marIœd ion pro­

port.1.on 1;0 theior occurrence. 1be growth rate est.1.aates of the Ser1.es 2 

stands (7ab1.e XI) were not. subject 1;0 1hese sources of blas, and thu.s can be 

expected 1;0 be .n:e accurate. Coapa.ri.son of the observed average growth 
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Table X. Leaf length and growth rate observations of Series 1 stands. 1 • 

! 
1 BI • Bath inshore, BS • Bath seaward, SL = st. Lawrence. 

"AllI LOOAflO.A 10. LlABl
2 

LllGIII or "0 ~ ~~ 0 NO. CIROIIm 
DIPtII (.) pir YI'. LONGa' wr IŒlSlJltlaNfS 

( .. ) ( .. ) (."..,) 

1 BI 0.2 271 l' 11.0 10.5 1.05 1., 25 

2 IL 1.0 151 17 1~.6 1~.2 1.0' ,., " , BS 1.0 29t 21 16.5 15.8 1.~ J., 28 

.. lB 0.6 200 22 18.1 18.1 1.00 ".5 ., 
... 

5 aL 1.2 ,a 21 1,.6 ao.a 0.,7 1+.6 ,a .{::" 
0 , st. 1.0 211 22 20.5 20.~ 1.00 5.5 '1 

7 BI o., la, 2IJ 12.' 2'.0 0.,7 ".5 38 

8 IS 0.5 41' 2' a,., JJ.O 1.06 7.0 37 

, 111.0 206 2' 2'.' 2'., 1.00 4.8 21 

10 SL 1.8 73 '0 25.8 27.5 o.,.. ,.1 " 
11 as 0.6 a9t J, 2'.0 25.' 1.0' 6.2 17 

11 IS o., 116 ., 27.0 27.' o." 7.' 27 

l' lB O ... ".. 41 37." "., 1.03 10.0 "2 

~~~~~':Jr~.:. ..... "" .. ~.H':';l;,~~..,.,_"" •. a ... ~ .. ,., ..... ,-" .•••••• u.~ ... " ...... , .. .,...: .......... ,.. ... _--" ..... ,_.-..,--_.~,_ ... ",., - ~ ... ------- ~ "'t[ '911' r W' W("ja"·tV""'lli:ij~ 'r" '~S&*ft'i ",411""'1I·it .~,.. ,- <; :4' y' ~ 'nE l':lWhi'Sj ~ , .... '~ ~"r1m:_fï(8 . , 
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10 20 30 40 

Ls% (cm) 

Re1ation of 1eaf growth rate· to the maximu.'11 

1ength of 1eaves (LS%) in Tha1assia stands. 
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Tabl.e XI. Production data of Barbados Series 2 stands 

and a Bermuda stand. 

SDDSI 

BUll $Y. L&1fIlDICE 

110. 8Il001;. la -.pl. 25 12 l' 

110. 1_ ..... SIl -..pl. 80 lt6 5IJ 

P..s.d or poowtb .11 ...... "1._ 5..,. 5dq. .., ... 
110. _ 1_". ~ <IuriIIC 8 5 2 

per1~ or .b ..... "t._ 
ZnS-". or '1' C __ ) 15.6 12.0 11.6 

.Da ".1fIIW 1_ ..... or wt&1 12.5 1,.6 ~.6 

""tB DO. 1_ ... por ollon '.20 ,.8, 4.15 

""tBwWtb (-) 14.0 15.1 7.28 

• (-.1_2 ) 5.'&* 5.~ 4.28+ 

""tB poftb _1:. (.v.) 7.12 5.31 ,.1ft 
i 

1. (--'0Il001; por dq) 2.28 2.~ 2.81 l 
p. (..J8boo1; por ..,) 11.2 17.0 8.75 t 
pise o.oom 0.00360 0.00;., t .. , , 

Cl 
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rates of the Ser1.es 2 stands with their growth rates precticted by their L,5% 

measures provldes a check on the accuracyof growth rates est1mated from 

the- above regresslon. 1he observed average growth rates were 7.1 and 

5.3 mm/day for the Eath and St. Lawrence stands respect1.ve1y, and the growth 

rates pred1cted from their L5% measures -were 10~0 and 8.6 mm/claY. Examina­

tion. of the orig1na.1 data. :1nd1.ca tes that the o1der, s10wer growing 1eav.es 

were probabl.y undersa.mpl.ed in the Series 1 stands, 15% of the 1eaves marked 

in the Series 2 standsexh1b1ted no growth over the 5 day perlod, whereas 

on1y ~ of a11 1eaves in the Ser1.es 1 stands exh1.b1ted no growth. A correc­

tion 15 app11.ed to the above re~sslon by mu1t1p1y1ng the intercept and 

s10peby 0.66, the average of the observed growth rate-to-est1mated growth 

ra te . ra. t1.os of the Series 2 stands. '1be corrected regresslon ls 

G = 0.210 LS,% - 0.92 

1he ra.t1o~ Lto/L5% of the Series 1 samp1esare g1ven in '!abl.e X. L10 

l.s equa1 1:0 L5% when the number of,1eaves in the 3/16 m2 samp1e 1.5 200. At 

very 10w 1eaf' dens1.t1es, Lto wou1d tend towards be1.ng a measure of the aver­

age 1ength ra. ther than the max1.mum 1ength, and 1. t l.s o1wlous1y necessary to 

use a we1.ghted (by the nwaber of 1eaves) measure of the average ma.x1.mum 1eaf 

1ength at very 10w l.eaf denslt1es. At denslt1es above about 751eaves par 

3/16 ~ area there 1.s l.1.tt1.e d1fference between L10 and L5%' aven at very 

h1.gh 1eaf dens1.t1es. For one saap1e of 8071eaves, the LtolL.5% rat1.o wa.s 

1.06. For most purposes l.t l.s probabl.y sat1sfactory to use anunwe1.ghted 

aeasure of the average .,.nan9 1eaf 1engtb, or the we1.gbt1.ng may be somewhat 

arb1 trar.Y, perba.ps 3 1ea.ves in samp1es of 10w 1eaf dens1. ty, 10 1eaves 1.n 

saap1es of inter.ed1ate 1ea.f' dens1. ty. and JO 1eaves in saapl.es of h1.gh 1eaf' 

dens1.ty. 
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Product1.on and stand1ng crop 

Lea.f t1.ssue product1.on of the Ser1.es 1 stands was est3.ma.ted as 

where Pm 1.8 product1.on (g dry Mt 1eaf tissue/m2 perday), il is the number of 

1eavesper m2 , Ge 1s the'observed average grovth rate'(~b1eX) mu1tipl.ied 

b;y 0.66 (cm:/day), vis the average 1eaf width (cm), and c 1.s the dry Mt/ cm2 

of unepiphyt1.zed1eaf tissue (gfcm2 ). c varies with the average width of the 

1eaves (Fig. 11) 

c = 3.38 + 1.43 v 

where' cis 1.n .mgfcm2 , and v 1.s 1.n cm. Standing crop (vet Mt inc1ud.1ng epi­

phytes), data. for the est1.ma.tion of production and prociuction-to-sta.nd:1ng 

crop (p/se) ratios of the Ser1.es 1 sampl.es are given in ~b1e XII. '!he mean 

of p/se ratios is· 0.0037, and the standard dev1.ation 1s 0.00057. '!he p/se 

ratios ofthe·Ser1.es 2 samp1es vere cal.cu1ated b;y add1ng a11 incrementsof 

growth C1.n CJIl2) over the 5 day per1od, mal. tipl.y1ng b;y c and div1d1.ng b;y 5 

t1.mes the veight of aJ.1 1ea.ves. '!he ratios, 0.00375 and 0.00360 for the 

:Bath and St. Lawrence sampl.es respective1y, are in c10se agreement. 'lhe a­

greement of these ratios, lIh1.ch vere subject te fever errors 1:ban vere the 

ratios of the Ser1.es 1 s8.m:pl.es, and the agreement of the Series 2 ratios wi th 

the aean of the Ser1.es1 ratios, suggest tbat the true p/se ratio does not 

vary as 'grea.tl.y as suggested by the var1.a tion of the Ser1.es 1 ratios. At 

1east as a first approxiJDa.t1.on, production "Y' be est1mB.ted b;y mul.tipl.y1ng 

s1and1ng crop (vat wt 1.ncl..ud1.ng ep1.phytes) b;y 0.0037. 

Remova1 of cal..ca.reous -.ter1.al. fro. l.a.rge saapl.es of """ a S61.a 1s a te­

d1.ous procedure. Unl.ess ep1.pby1;es are reaoved, there 1.8 11.tt1.e advanta.ge in 
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us~ dry we:ight over us:ing wet we:ight as a measure of the stand:ing crop. 

In fact, because wet we:ight :is proport:ionally less :inf'l.uenced by var:ia t:ions 

:in the amount of ca1careous mater:ia1 tha.n :is dry we:ight, var:iat.:ions :in the 

wet we:ight probab1.y more closely reflect var:iat.:ions :in the amount of 

'lba.1ass:ia t:issue tha.n do var:ia t.:ions :in the· dry we:ight. For one samp1e of 

Barbados 'lhal.ass:ia leaves, the amount of ca1careous mater:ia1 was est.:ima.ted 

as 45% of the dry we:ight of 1haJ.ass:ia+ep:iphytes. The dry rt/wet rt rat:io of 

Barbados 'lbaJass:ia+ep:iphytes averaged 0.190 (SD = 0.020); th~ therat.:io of 

dry wt 'lha1ass:ia t.:issue onl.y-to-wet wt 'lbalass:ia+eplphytes was approx:ima. tely 

0.105. The dry rt/wet rt rat.:io of Barbados S~um~ a ma.r:ine ang:iosperm 

w:i th terete leaves on wldch there wa.s a1most no encrusta. t.:ion by ca1careous 

eplphytes, was 0.1.28 (SD = 0.010).- The dry rt/wet rt rat.:io of a Bermuda 

TbaJ.ass:ia+ep:iphytes samp1e was 0.144; there was s:ign:if:icaùt growth-of ca1car­

eotis ep:iphytes on t.h8 Bermuda 1haJ.ass:iaj but :i t was consp:icuous1y less tha.n 

at Barbados. The d:ifferences :in the dry wt/wet wt rat:ios are o'brl.ously due 

ma.:inl.y to var:ia t:ions :in the amount of ca1careous ma. ter1.aJ.. 

Growth of :ind.:iv:idua1 leaves 

In studies of growth and product:ion of 1haJ.ass:ia :in Flor:ida, Z:ieman 

(RS, 1968) observed the appearance of 6 new leaves on 6 shoots over a 14 day 

per:iod, 11 new leaves on 10 shoots over a 16 day per:iod and 8 new leaves on 

4 shoots over a .:32 day per:iod, and concluded that "under normal. cond1t.:ions a 

branch produces a new b1.ade every 14 ta 16 days. ft In the observat.:ions of 

the Ser1.es 2 stands, 8 new leaves vere observed on the 25 shoots at Bath 

over a 5 day pe:r:iod, and 5 new leaves on the 12 shoots at St. Lawrence. The 

frequency of new leaf' product1on est::t.a.ted froa these observations :is 15.6 

days for the Bath s;uqiLe and 12 days for the St. Lawrence sa.apl.e. 95% 

confidence :interval.s for these est.:iJlates (froa the b1noa:ia1 d1.std.but1on 
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appl.1.ed. 1;0 'the ra:t1.o no. of new 1ea.vea-1:o-aboo1oa) aze 9.4 1;0 33 days, and. 

7.4 1;0 32 days.· 'l"bese observa.t1ons a:re 1:herefœ:e CQDSidered cons1.&tent 1d.th 

the observations of Z1.e8BD (16, 1969). 

Anotber estbate of 'the per1.ocUc1.ty !Il 1eaf p!EOdDct1.on vas obt&1necl 

froa data of the Ser:les 2 ob8ervat1.cma as follOllB. 1:t 18 assuaedl (1) the 

growth of aJ.l. 1ea.yesOn a g1YeD shoot follov a s'wller p&t~ of growth 

froa t1.lle of 1D1.t1.a1. ell8rgence :troa the substrat. 1:0 ... tar1.t;y &Dd. cessation 

of growth, ··ttms 1f two 1ea.Y88 1f1th their original t1.18 pœsent occur on the 

-..e shoot, the leDgth of the. ol.d.est of the t1ro 18 'the ~engtb the youngest 

woul.d reacb af'ter grow1Jlg for an 1nterva1 (T) eq-.1 1:0 the d1f'ference in 

their ages, (2) the groV'th rate clecreases "ne&r1 ;,- dth age of a 1eaf, 

(3) the. obserYed Srowth rztes (of 1D41.ridua1 1e&Y88) ware the 1nstantaneous 

grôvth :rates ·at t1ae 2.5 days af'ter tbe7 1fel:8 -.rIœcl (1,: ••• in 'the a1dd1e of 

the 5 dA7 per1ocl). Based cm' tbese assuapt1.oDs. the par1.oc11cit;y in 1eaf' pm­

duction wasesu..r.tecl fro. data of the Ser1.es 2 staDIls as 

T = (A + 2.5 D) ~ (Gy - 0.5 D) 

1Ibere A 1.& the difference 1n 1eDgtb of t1Io 1eavea d'th original t.118 on a 

shoot (_), D 18 the d1f'ference 1n their &Yerage ~ rates OVf!1r the 5 da7 

pe:r:1.ocl (-!d&y) t aDd ~ 18 the aYerage growtb rate of the ~t of the 

tvo l.eavea 0Yer tbe5 da7 per1ocl. ~ data -:t'.roa 6 shoo'ts vere su1tabl.e far 

_king tb1a eS't1a&te (1'abl.e nn). The esUaates of T %'&lIge :troa 11.3 1;0 

19.7 da7s. 1f1'th a aeaD of 15.1 d&78. 

The l.cmpst 1IIIaR"1œd. l.-.f (1~ 1Ib1.ch 

Ser1.ee 2 staDIls _ OIla shoot at the St. La1IreDce stud. aDl. 11&8 11.0 ca in 

1eJJSth. AsaaId.D« 1;Iat tb1a l.eaf eaerpcl ~1_1IIil'L.tL1_.~ af't.er aerk'ng, tben 1.'ts 

. " 

1 

1 

1 
i 
1 
1 
! 
1 
1 
i 

l 
1 
~ 
j 

! 



u::: SCZE.Zt 

149 

Table XIII. Growth rate-leaf length data for estimation of T. 

iOwaa:sr LED' VIm ftP JŒft YOUlIGEST LUP .VIm· tIP cmua lAYES· '1' 

L-.th c. L-.gth c. LeacUl (-.,..> 
(-> (-t_> 

Ba~ 1 11 15.0 rt 1,.8 15 2.0 11.' 
Ba~ 2 8.5 10." 2' 8.6 8.5 0.6 15.7 

Ba~h , 18.5 11." ".5 7.6 2If 0 16.8 

Ba~h" 1, ,.0 " 8." 26.5 0 1'.7 Î 
SI. 5 17 12.0 30 

SI. 6 22.5 12.0 " 

8.0 1.'* 1".0 1 
11 0 

1 6.0 s*- I,., ! , o." 
1 

• L..t' _l'pli aft_ ~. 
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i 
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of the other l.eaves on this shoot were 10.4, 1.4, and 0 mm/day. AssUDdng, , 

as above, +.bat al.l. l.eaves on a shoot have a sbdl.ar growth rate pattern, and. 

+.bat these val.ues represent the 1.nstantaneous growth rates at 1âme 2.5. 17.5, 

32.5. and 47.5 days. then the growth of an indiv1.duaJ. l.eaf on this shoot may 

be represented. as in F1.g. 12. nrl.s f1.gure suggests that the growth rate of 

a l.eaf decreases more or l.ess regul.arl.y w1. th age, and cessation of growth 

occurs sometime between 35 and. 45 days. 

Average growth rate, l.ength of l.eaf tlssue 

produced per shoot, productlon per shoot 

It ls evldent tbat the concept of an 'average growth rate' may be some­

wha. t misl.ead1ng when used in the sense of 'the average growth ra te of all 

l.eaves in a stand', this 1.s so for two reasons. (1) lt incl.udes l.eaves at 

al.l. stages of maturl-ty grow1.ng at very d1.fferent rates, and (2) 1.ts magni­

tude ls in part determined by the l.ength of 1âme dead l.eaves remain a ttached 

to the shoot. 'lbe l.ength of 1âme dead l.eaves remain attached to a shoot ls 

1nfl.uenced by wave action as 1.5 shown by comparlson of data on the number of 

dead l.eaves and the average number of l.eaves per shoot a t the Series 2 Ba th 

stand (strong wave action). Series 2 St. Lawrence stand (moderate wave ac­

tion). and. the Bermuda stand (gent1.e wave action) 1.n 'labl.e XI. '!he h1.gh 

nwaber of dead l.eaves at the Bermuda stand may a1.so have been associated w1.th 

a l.ower degree of ep1.pbyte inf'estation at th1.s stand. '!he average growt.h 

rate of the l.eaves in a stand 1.8 t.hus mean1ngt'ul. onl.y as a pa.ra.aeter rel.at-

1.ng production par un1.t area ta the nuaber of l.eaves. A suggested. stat1.stlc 

for the ~se of coapa.r1ng growt.h rates. 1.n the physiol.og1cal. sense. betveen 

different stands 1.8 Is. the 'average l.ength of l.ea.f' t.1.ssue produced per shoot 

per day'. Variation in wave action appa.rentl.y bas lIIUch l.ess affect on the 

'average _xi·'. l.eaf l.engtb' than on the nuaber of l.eaves par shoot, t.h1.s 

------_ ............ - ... _-
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18 sbown br the data in Fig. 10, and. by co':pa.r1son of the ratios g1.V'8D be10w 

(G 18 i:b8 obserrecl average grovth rate) 

I,/:rsBath L#~Bath G/~th 

Berauda 1.23 1.:30 0.95 

s8ries 2 
St. Lawrence 0.89 0.87 O.?II-

Series 2 
Bath 1.00 1.00 1.00 

Thus 'average growth rates'- estbated froa the 1eaf1ength-gJ:-owth re1at1.on­

sh1.p. are coapezab1.e in tbe _ pbys101ogica.1 sense. 'l'h1s 1.8 shown al.so by the 

stud1.es of Sect1.on n. Is -.,. be, est1.a.ted. fro. the G-LS',C re1at1.on br aul.­

t1.p1.y1ng the est1.aate of G br ).5 (the Series 2 Bath staDd bas ).20 1eaves 

par shoot, &Dd tbe Ser1.es 2 St. Lawrence stand, ).8). thus the re1atlon be­

tWeeD :rs &Dd. L!iC 1.8 giVeD Dy 

where :rs 18 in -Ida,. aDd L~ 1.8 1n ca. 

For soae papeses 1. t ... ,. be w1.sbed ta 1mo1l the production of 1eaf t1.ssue 

par shoot. th1s 18 given 'b7 

1Ibere Ps 1.s the JEOCluc't1.on in ag 1ea.:f' tissue/shoot par da,., 11 1.8 tbe awer&ge 

1~ w1d.tb 1.D ca aD4 c 18 dr7 -1&bt of ep1.pbyte-f'ree 1eaf t1.ssue in ag/ca2. 

c Y&rJ.es 1d.tb the average 1e&f' 1I1dtb, as givea AboYe. :In 1:be Bar,...".. 

~1ne Islands reg1.on, DaZ'Z'01I 1eaves were ~ aasoc1ated w1:tb 1011 

growth J:ates, aD4 1dda 1 ....... 1I1:tb h1P grovtb 2:&tes (Fig. 1), so tbat in 

geD8Œa1., 1:DCZ s1Dg 1e&f' 1eDgth 1nd'cate4 1ncre&s1Dg p:04uct1on par shoot. 

'-,-,-,------ --_. -.. _--_ .... - - -.. _-_._------ --"'. . .. -_ ... - .... "" 
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However, growth-w:ldth re1at:1ons may be qtrl.te d:1fferent el.sewhere, as :1s 

shown by thepos:1t:1on of the Bermuda sampl.e :in F:1g. 13, and :1t1s important 

to d:1stinguish between var:1at1on :in growth rate (Is ) and. var1a.tion:in Ps 

when factors 11m:1t1ng growth are being considered. D:1v:1sation of Pm by Ps 

g:1ves a rough estimate of the number of shoots per square meter. For stand 

B-9, the number of shoots par square meter estima.ted by a count of shoots :in 

a 1/8 m2 area was 488, wh:1l.e the number estimated by d:1v1d:1ng Pm by Ps was 

463~ It 1s generally d:1ff:1cu1 t to count the shoots per un:! t area :in the 

f1e1d, so this 1s a conven:1ent ~y of obtaining this estima.te. 

Note concern:1ng cal.cu1ation of Ps for stand B-6 

Z:1eman (m, 1968) observed that 1eaves of youlig erect shoots near the 

rh:1zome apex are Darrower and have somewhat 10wer growth rates tha.n do l.eaves 

further re,moved from the rh1.zome apex. It was al.so noted :in the present 

study that the narrowest 1eaves were never as 10ng as the other l.eaves :in a 

stand. 1hus:1 t appears tbât Ps of the youngest shoots :1s 1.1m:1 ted. by phys:1o-

10g:1cal. pro cesses rather than by the suppl.y of nutr1ents. When Ps estimates 

are used for purposes such as the yie1d-nutr:1ent correl.at1ons of Section II, 

the P s shoul.d refer onJ.y ta nutrient 1:1m1 ted production. In such :instances 

:1t might be better ta use the average w:ldth of the 10ngest 1eaves rather tha.n 

the average w:ldth of al.1 1ea.ves :in cal.cu1ating Ps • In lIIOst :instances, the 

youlig shoots constitute a sma1l. and rel.ative1y constant proportion of the 

shoots :in a stand, and thus 1;h1s distinction wou1d not be :important. However, 

stand B-6 'NaS unusua1 :in that there wa.s an unusuaJ.1y 1arge mlJIlber of sbal.1ow 

rooted young shoots, and th:1s wa.s refiected. :in a M'IOda1 1ea.f w:1dth d:1str:1bu­

ti.on (Fig. 14). nms:in caJ.cul.ating Ps of th:1s stand, an average width of 

10.5 ma, cœ::z:esponding ta the B)(ÙÜ w:ldth of the 10nger 1eaves, wa.s used :in 

pl.ace of the t'rue avez:age lddth, 9.3 lIURe 'Ble Ps g:1ven :in lracIœts for stand 
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Fig. 14. Frequency distribution of 1eaf widths for stand B-6 

(above). Frequency distribution of 1eaf widths for 

typica1 Tha1assia stand is inc1uded for comparison. 
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B-6 ti '.Ia.b1.e III (Sect1.on II), 1.s the Ps based on the true averà.ge lddth. 

Genera1 appl1.cat1.on of the Barbados 

lea:f' growth-leaf' sta tistics 

relat1.onsh1.ps 

Accord1.ng t.o the hypothes1.s stated ti the Introduct1.on to Appendix B, 

max1.mum leaf' length 1.s determ1.ned 1.n part by the rate of 1.nfestat1.on of 

leaves by ca1ca.reous ep1.phytes. ntus one m1.ght expect a s1.gn1.f'1.ca.nt d1.ffer­

ence ti· the growtb ra te-max1.mum leaf' 1ength rela t1.on between areas 1.n wlrl.ch 

the rate of 1.nfestation by ca1ca.reous ep1.phytes var1.es s1.gn1.f'1.ca.ntlY. '!he 

degree of 1.nfestat1.on by. ca1careous ep1.phytes was s1.gn1.f'1.cantl.y less at 

Bermuda than a t Barbados (see coinpar1.son of dry wt/wet wt ra t1.os a bove) • 

However, the Is of the Bermuda stand pred1.cted from the Barbados Is-L,5% re­

lat1.on. 2.7 mm/day, 1.s 1.n good agreement ldth the observed Is. 2.8 cm/day. 

ntere~d1.d appear to be somewhat more "sco11ap1.ng" of the leaves-1homas et al. 

(1961) belleve th1.s t.o be due to graz1.ng-than at Barbados. However the 

agreement may not be ent1.rely cotic1.denta.1. 1here must be some nega. tive feed-

be.ck between lea.f' length and growth rate; leaf' lengtb per se 1.nf1uences 

growth rate through photasynthes1.s. and growtb rate 1.nf1uences lea:f' length. 

1he sa.me cons1.dera.t1.ons app1y ta the li.Jdtation of leaf' length 1.n very sha1-

low water. It 1.s apparent tbat ti depths of less than 0.2 ta 0.3 m at 

Barbados leaf' length per se 1.s lbd ted by depth of 118. ter (see p. 41 

Section II, and p.188 AppeDll.x B). '!he growth rate measurements for stand. 1. 

Ser1.es 1 ('.Ia.bl.e X) 1Dd1cate tbat the growth rate of these stands 1.s corre-

spond1ngly low. Differences 1.n the lengths of other sea grasses, for exa.mpl.e 

as reported for Zostera. (Os'tenfe1d, 19(8), Szr!ngoctlwa and D1.pl.anthera. 

(Ph1.11J.ps, 1960; Strawn, 1961) are probab1.y al.so related ta variations 1.n 

grovth rate. Even ldihout knowledge of the quantitative relation of growtb 

1 

1 
1 
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rate to ma.Jd.muml.ea.:f l.ength,the maximum l.ength is a useful. and. easUy ob-

ta.ined statistic. 

1he pise ratio of the. BerJJIUd8. stand, O.0034,is cl.ose to the p/~c ratios 

of the Series 2 Barbados stands. In general. l have observed that there tends 

to be poorer growth .of cal.ca.reous epiphytes in caJ.m water in comparison to 

turbUl.e~t water, and. Land (1970) bas observed this al.so. 1his woul.d tend to 

resul.t in a higher pise ratio in cal.m water conditions. On the other band, 

l.eaves tend to remain a ttaèhed l.onger under cal.m conditions, and this woul.d 

tend to resul. t insmaJ.l.er pise ratios. WhUe the rel.ation between production 

and standing cro!, (wet wt incl.ud1ng epiphytes) is theoret1.cally compl.1.cated, 

1.t may be reasonab1.y constant. 

Al.l. observations at Barbados were made on 1ha.l.assia stands in depths of 

l.ess than 2 m, and there was probab1.y l.1. ttl.e variation in the amount of 

l.1.ght reaching these stands. It might not be rel.iab1.e to use the rel.ations 

based on observations in shal.l.ow wa ter for estima. ting production parameters 

of deeper water stands where the amount of l.1.ght reaching the stands differs 

s1.gnif1.cantl.y. Jones (113, 1968) found that oxygen production by nal,assia 

1.s 1.nfl.uenced ma.1.nl.y by standing crop and the l.ength of day w1. th illumina­

tion greater than 20 l.y;hr. Aga,in, however, there must be some adaptation 

of sianding crop to ambient l.1.ght conditions, at l.east on a l.ong term ba.sis. 

It may be possib1.e to correl.ate growth of 'lbal.assia w1. th a l.ea.:f sts.­

t:1Stic tbat is un1nfl.uenced by variat1.on in env1xonmentaJ.. pa.ra.meters, at 

l.east DOt on a prox:1Jla.te basis. A suggested stat1.stic 1.s the average l.ength 

of the youngest l.eaves on a llUlIlœr of shoots, the original. tips are a.l.most 

1nvar1a.b1.y present on these l.eaves. If the growth rate patterns of al.l. 

l.eaves on a shoot are s1 p11 a.r, which seellS l.i.kel.y, then there shoul.d be a 

h1gb degree of correl.at1.on between grovth rate and th:1s stat1.stic. If th:1s 

1 
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:1s 130, :f;hen :1t wou1d be poss:1ble to work out other production-l.eaf stat:1stic 

relat:1ons :in a.ny area without hav:1ng to make any growth rate measurements. 

Age. growth ra. tes and. production' 

of underground parts 

The erect shoots of 'IhaJ.ass:1a have very distinct.l.eaf scars (Pl.ate Ib). 

Assuming a 15 day per:1odici ty in l.ea.f production, the age of an erect shoot 

cau be estimated. by counting the l.ea.f scars and. l.eaves on a shoot, and mu1ti­

pl.ying th:1s nUmber by 15 days. Toml.:1nson and Vargo (1966) observed that mer-

:1stematic tissue is restr:1cted to the rhizome apex, and. concl.uded. that growth 

of the rlû.zome and production of new erect shoots are restr:1cted. to the 

ap:1cal. reg:1on of the rlû.zome. Hence an estimate of the growth rate of the 

rhizome may be obtained by div:1ding the l.ength of the rhizome between two 

erect shoots by the difference in the:1r ages. 

Observations of the difference in ages between erect shoots on 10 rhi-

zome .fragments suggest that there is a periodicity in production of erect 

shoots. Of 21 pairs of adjacent erect shoots examined, 10 pairs differed in 

the number of l.ea.f sca.rs+l.eaves by 1. and 11 pa:1rs differed by 2. Since l.eaf' 

scare and l.eaves cau be counted. in onl.y whol.e numbers, these observations 

suggest tbat the difference in age between adjacent erect shoots may be ap-

proxj,ma;tel.y constant and :1s soma figure between 15 and 30 days. The average 

difference in nuaber of l.eaf' scars+l.eaves between adjacent erect shoots 'MaS 

1.52, whi.ch :1s equival.ent to a d1fference in age of 22.8 days. Estimates of 

the average difference in age of adjacent erect shoots (the frequency of pro­

duction of new erect shoots) of 5 rhJ.zoae :f'ragaents nth 5 or JDOre erect 

shoots are given in 7able XIV. together wi th the estima. ted average growth 

rates of the rh:1.zomes. 1he est1ma.tes of the peri.od:1city in production of 

erect shoots va.ry fro. 22.5 to 26.2 days nth a .aan of 2J.J..7 days. 'lbe 

1 
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Table XIV. Estimation of frequency of new shoot production and rhizome growth rate. 
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estlmatedaverage growthrates vary between 2.4 and 3.1 mm/day. Intershoot 

distance does not vary much between plants, and rlüzomes produee no dormant 

budS (Tomlinson and Vargo, 1966); :if new ereet shoots are produeed at reg­

uJ.ar interva:Ls,· tlûs i.mpl.:1es T.ba. t growth ra. tes of rh:1zomes do not vary 

greatJ.y. Severa!. of the rh:lzome fragments and assoe:1ated ereet shoots exam-

ined inel.uded growing. t:1ps of the rh:1zome. ~e ereet shoot next te the apex 

on these fragments (Pl.ate Xc) had 6 or 7 l.eaves inel.ud.:1ng sca.l.e l.eaves (s:1m:1-

l.ar te those on the rh:1zom~) and intermed:1ates between scal.e l.eaves B.nd. fol.­

:1agel.eaves (these are descr:1bed by 1bml1nson and Vargo, 1966). The ereet 

shoot next te the youngest d:lffered :in the number of l.eaf sca.rs+l.eaves from 

the youngest by 1 or 2, as descr:1bed above. Since the intervaJ. batween pro­

duet:1on of new ereet shoots :1s est:1m&ted as approx:1matel.y 2JI. days, the first 

6 or 7 l.eaves must be produeed w:1th1n th:1s intervaJ., and. the 1.5 day per:1od­

:1e:1 ty :1s pro ba. bl.y :1n:1 t:1a ted subsequent te devel.opment of the 6th or 7th l.eaf. 

In ag1ng an ereet shoot, the first 7 l.eaf scare shoul.d thus be counted as 

2JI.. days. ïbe age of the rh:1zome :1s the same as tha t of the attaehed ereet 

shoot. PreJ1m1 na;ry stud.:1es, made at 17 d:lfferent ibaJ.assia stands, :1ndicate 

that except in very young stands :1t :1s coJllJllOn te f:1nd shoots at l.east ~ 

yearsof age, and not uncommon te f:1nd shoots 8 te 10 years of age. ïbe ol.d-

est ereet shoot observed wa.s 10 • .5 years of age. ~ere are l.arge d:lfferenees 

in the spae1.ng of l.eaf sœrs (Shoot growth rates), and these may refl.eet d:lf­

ferences :in sed.1mentary coDd:1.t:1ons. In an a.rea wbere :1t was ev:1dent that ac-

cret:1on of sed:1aent vas oecurr1ng at ·a rel.at:1vel.y rapid rate, the average d:1s­

tance betNeen l.eaf sca.rs wa.s 3.2 _, vhUe in an adjacent area vh:1ch appeared 

te be qu:i te stabl.e (well devel.oped ep:1fauna), the average d:1stance between 

~eaf sœrs lIaS 0.30 _. 

•.. -..... - .. _._----_ .. __ .......• 
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Production of erect shoot and rh1.zome tissue may be esti.ma.ted as 

Pm = n x G x c 

where Pm :1sthe product:1on (g dry wt shoot orrh1.zome tissue/m2 par day), n 
,2 

:1s the 'number of erect shoots or rh:1zome groldngtips par m , G ois the aver-

age grow1:h rate of the shoots or rh1.zomes (cm/day), and. c :18 the dry wt 

(gfcm)', of shoots', or, rh1.zomes. To determ:1ne c':1 t may.· be necessary to, remove 

the roots from theerect 'shoots and. rh:1zomes beca.use of the adherent sed:1-

ment, and thusproduction of root tissue wouJ.d notbe :1ncl.uded; th:1s :1s prob­

ab1.y smal.l. :in compar:1son to product:1on of erect shoot and. rh:1zome tissue :in 

a.ny case. Dead. l.eaves shouJ.d,' be removed from the erect shoots for determ:1n­

ation of c, and. thel.ength of both erect shoots and rh:1zomes shouJ.d be deter­

m:1ned :in f'resh cond:1 tion. It:1s general.l.yd:1ff:1cuJ. t to remove the under­

ground. parts f'rom the substrate :1n :intactcond:1t:1on. Average growth rates of 

the erect shoots and rh1.zomes may be est:1ma.ted by determ1n1ng the average :1n­

ternodal. ctlstance on fragments of erect shoots and. the average' :intershoot 

ctlstance on a number of rh1.zome fragments, and ctlv1.ding by 15, 24 days. ~e 

number of rh1.zome grow:1ng tips may be estimated by ctlgg1ng up the substrate 

under a g:1ven surface area and count:1ng the growing tips exposed and wh1.ch 

fioa.t to the surface. 

Beca.use the erect shoot ap:1ces may lie well under the subs:l:ra.te surface, 

a s:1gn:1f:1cant amount of l.eaf tissue may be produced underground tbat :1s not 

:incl:uded :1nthe est1ma.te of l.eaf tissue product:1on above the substrate. 1h:1s 

ma ter1al. :1s decollpOsed under the sectlJaent surface, and thus should be :1ncl.u4-

ad in est1.Jlates of undergrouud production. AsSWldng one nev l.eaf 1.s produc­

ad on each erect shoot every 15 days, production of l.eaf t:1ssue underground 
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may be estima. ted as 

Pm = n x w x 1. x c 15 days 

where Pm :ts, product:ton (g dry wt 1.eaf t:tssue/m2 par day), n :ta the number 

of shoots par m2 , w :ts the average 1.eaf w:tdth (cm), 1. :ts the average depth 

of the shoot ap:tc~s be1.ow the substrate surface (cm) and c :ts the dry wt 

(g/cm2 ) of ep:tphyte-free 1.eaf t:tssue (F:tg. 11). 

Est:tmates of the underground production at a Barbados 'lba.l.ass:ta stand 

and. a Bermuda 'lbaJ.ass:ta stand are g:tven al.ong w:t th the data. for these est:t­

mates, and the est:tmates of the above ground production :Ln Ta.bl.e XV. It ca.n 

be seen that tbere may be s:tgnif:tcant production of 1.eaf tissue undergroundr 

production of shoot and rh:tzome t:tssue vas 1.ess tban 1/7 of the total produc-

t:ton :Ln these stands. 

.....•..... _ ... --:--~~-------------------
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Table XV. Underground production at two Thalassia stands. 

BABIWIOS 

16n 

2.1_ 

1'IIOD'OCn0Jl OP DJ:C'!' S8DO'!' '!'ISSUE 
2 

0.52 III. p." ~ . 

6.8 _ 

18'k 25 _ .. 'k 10_ 

21.5 - 7-

10.2 _ 
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APPENDIX B. A GDBRAL .DESCRIP'l'ION OF 1'HE ~.~ BElS 

AND ADDJ:'1"IONAL DA'm ON PRODUCTION 

REGJ:ONAL SET'l'DfG 

Barbados (fig. 15) i.s a s-.u. l.sl.azld of DOn-volcan1.c origi.D. lyi.ng 1.D. 

the trade 1d.Dd belt and reg1.on of equator1a1 currents at 1)010' N, 590 )0' V. 

Most of the l."'and . i.s covered b;r Pl.e1.stocene coral. lllIestonel ou'taroppi.ngs 

of poor17 1.Ddurated ~rt1ary secH.ents occur h the, Scotl&Dd di.st.r1..ct h the 

lIB secUon of the 1.slaDd. 1be coastl.1.ne i.s regul.ar, there are no offshore 

l.slands, and UrlDg reef's are1i.m1.ted to sll8l.l. :tr1nging :reefs on the west 

coast (Le1d.s, 1960&). Rubb1.e 1aDIœ, supporUng on1y sparse coral growth, 

occur cl.ose to shore on the south coast and at a cHstaD.ce of appronma.tely 

0.7 ka off the SB coast. Ra1.nfa11 averages about 50 cafyr, v1nds are pre-

doJd.Dantl.7 froa the eastel:Dsector and me&I1 a.mmal. 1dnd speed 1.15 11.0 a.p.h. 

(Rouse, 1966). Lev1.s (1960b) reported observaUons on t1dal., vater teapera­

ture and vave coDd1.Uons at Barlados. 111e aean t.1da1 r&Dge i.s approx1.aate17 

0.7 a, and the cHurœl. range, 1.1 a. Surf'ace teapera1:ures of coastaJ. vater 

var1.ed between 25.2 and 28.S'a over a one year periode Vave aJlpl.1.1u:les are 

f'our to ei.ght t.i.aes sreater on the east coast tban on the west coast. Be­

cause Barbad08 l.acIas large lagoons &!Id senprotected baya, """'815151.& beds 

tI'Iere are not exteDa1.ve. '.l'be l.&rgest beds occur at Bath &!Id at St. Lawrence, 

1Ibere .ost of' the DIlt.r1.ent studi.es W8re carr1.ed out. A general BUrV8y of 

the subs1zate 't7pes, se& grasses &!Id &88Oci.atecl f'lora and fauna. 1.D. tbese 

becta __ carri.ed out pri.or to 1.D.1.t1&Uon of' the DIltri.ent stud1.eà. 

Data on producUon &!Id 80_ sed1 wentar,y cbara.cter1.sUca were &l.ao ob-

origlD, lPDg &ppz:oxû&te17 200 b SV of' Barbadoa (fig. 15). """15151.& becta 

are aore exteDa1.ve at Carr1acoa tban at Barb&dos, aad CUl probabl7 be 
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cons1dered representaUve. of tndcaJ. "",,-]ass1& growth i.n .:the, southern 

Cari. bbean.-

Ml TBRTAIB AlIID MI!!'l'HOD3 

For the pa:rpose of appi.!lg the Ba~aud St. Lawrence 'lbaJass'1& beds, 

base ~Ps vere p:epa.red fro. aer1al. photographs (HuntiDgSurveys Ltd., taken 

i.n19l)4). A- ser1.es of t:ransects vere SWlUl out fro.pos~t1.ons on shore 1oca.-

.ted on 1:be 'buse "PSI orantation vas -.1nta1ned b7 1i.ni.Dgup tvotargets on 

shore. D1.stances and depths a10Dg the traDaects were measured 1d. th a 2 JI-

1'01e, and these vere recomed on an UDderwa.ter s1ate- together 1d.th observa­

tions on the_ substra1;e type aud fl.ora and·fauua. Observat1.ons of sea 1eve1 

vere -.de at t hour i.n1:erval.s at f1xed reference poi.ntsduri.Dg the peri.ods 

oftraDsect observa:ti.oDS, aul observat~DS were adjusted to a 'coJllJlOn t1.da1. 

1eve1 vh1.ch â approx1aatal.y aean 10w water (accurate t1.da1 data for Barlados 

are 1ack'ng) •. Maps of the bydrograpby', cHstrl.but1.onof sea grasses and bot­

to. typés 1I8re p:epa.red b7 _Tc1ng use of detaUs wbi.ch cou1d be cU.st1Dgtdsh­

ed i.n. the aer1.a1 pbowgrapbs togetber 1d.th data of· the transect observations. 

Surveys of the 1I&CrO-1Df8.UD&, sea grasses &Dd eecJ'-uts vere carr1.ed out b7 

saap1.1.Dg 20 raDIloll17 10cated pos~t1oDS at Bath, aud 27 pos:1tioDS at _ 

St. La1Œ8DCe. At each pos~t1on,' a 3/16 ,.2. -.pl.e of the sea grasses vas ob­

ta1necJ. Dd.s ... .ade 1Zp of catt1Dgs f'roa tbree separata 1/16 .2 ~, pos­

~ t10ns of lddch. W8Ee sel.ectecl b.r tbrowing a quadrat 1d. thi.n a total. a.rea of 

&ptŒOn.atel.7 100 .. 2. R the ""'.,.e1& staDd was DOt re&SODab1.y unU'ora 

1d.. DtSpeCt 1;0 1eDgth of the 1eaves-thù 188 the case for 01117 ODe s1aDd, 

at lIath-tben the area. .. sabjecUve17 subHY1ded i.nto ~ora staDds, aDd. 

the sa1d.1.Yi.aJ.oDa .1Mre -..pl.ed sepaza:te17. 'lb saaple the .acro-1.Df&UD&. the 

substzate .. 4Dg 1IP 1IDder & ~ace azéa of appz:on.a.taly 0.15 .2, and 1.a­

-u&tel.7 -st>ed tID:ousb & 2 _ .esh s1eYe. SecJ1 went saap1es vere 1aIœn 
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~.al.l.: ,pos3:t1GD8:. ·lut ··0Dl.;y'S81eC'tecl saapl.es · .. ere'~. 1be·proport1.oDS 

o.f .. coa.rse . .;mater1al. (>5.2 _) ~ .substrates wM.ch had. been subject1.vel.y' 

cl.ass1fi.edas predoJd.Dantly BaDd. cobbJ.e-saDd and. Por1:tes rubbJ.e flats were 

esth&tecl . by di.ggtng·up·a· liaeasur.ed vo1uae ai substrate ~ si.erl.Dg the saapl.e 

tbrough a 5.2 _ Jl8Bh si.eve. and deterw1n3ng t.h8 vo1uae of water di.splaced 

by . the coarse· -.ter1a1.. i'hi.s was «ione for severaJ. posi.t1.0DS ion each Of -the 

abovesubstrates. 1be proport1.on of coarse -.ter1aJ. ~ substrates wM.ch had. 

.been su~ject1.ve1y- cl.assi.fi.ed as cobbJ.e fraJlework or cobbJ.e-.cobbJ.e-sand. was 

es:t1llatecl fro. v1.sua1··0bservat1.oDS at erosi.oD&l. scarps. Observati.oDS of 

'ftùiJessi.a beds ~ Oi.sti.nBay-were -.de dur1.ng the course of nutri.ent i.nvest1.-

gat1.0DS. 

A -'P of sea grass di.stri.lut1.on at Ce.rr1.acou was pœpa.red by exa·1np.t1.on 

of aer1aJ. photograpbs (UD1.ted Ki.Dgdoa. Di.rectorate of Overseas Surveys. 

Contract 85. taken ~ 1966). ApProxi.aatedep-ths vere taIcen fro. AdJdraJ.ty 

Cbart 2872. ~ 27 posi.UODS vere se1ected for S&Ilpl.1.Dg such tbat ""'&8si.a 

beds fro. var1.ous deptbs and. degrees of exposure to wave acUon vere repre­

sented. At each posi.ti.on. observat.i.oDS were -.de on f10ra and. fauna, sub­

strate type, and aaapl.es of sea grass and sedi.Jlent .. ere taIcen as at Barbe40s. 

Deptbs vere ~. by use of a ·ventur1.· type depth gauge. 
"~~. 

For eacb of ~ 3/16 .2 ~es, the ""'essi.a and Sm~œ'!ua 1eaves 

vere aepa.ra.tedeaDll then the .vat -1.sht of each deterldnecl. For the ""'essi.a 

18&..,s, the 1eDgtbs of the 10 10Dgest 18&YeS and. 1ddtbs of 30+ 1eaves vere 

lIe&81Ir8d. loto 11&8 usecl as a .-sure of ~ _71 .... 1ength (La), except ~ 

-.pl._ of f_ 1eaves ~ 1Ib1.ch the aY8Z'&8'8 1ength of tbe 1hree 10ngeat 1eaves 

was usecl as a -.sure of _71 .... 1eaf' 1eDgtb. Ps and. p.' and the nuaber of 

erect &boots par a2 were estbat.ed fro. tbese data b.r the re1at1.ons g1.YeD ~ 

Append1x A. 
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Part.i.cl.e s:1se &DB.l.ysës weremade on.5O to -100 g spU. ta of 'the sedi.itent 

sampl.es. 1he~es (or sp1i.ts of) were oxid'sea. i.n co..ercial. bl.each and 

washed severaJ.. u.ès 1d.th cUst1l.1ed. water usiDg centd.f'1igat!.on to remove 

water a:f'ter eaCb- wasb." Bach ,saapl.ewas' then Sb8.ken i.n -d!.8tU1ed. water and 

vet s1.eved tbroUgb a 300 mesb(47 JI) s1.èv8.- Hater1.a1. paàs1Dg througb the 

s1.eve was_ f1occu1atèd b,y Maing 5 ml. saturatedpotaesi.wa8J.ua so1ut1.on, cen­

tri.:fUged. to -rellOY8 excess -118. ter, and then drled·i.n a tarred beaker. '!he c1&y 

content of two samp1es 1BS dei:erJl1.ned. by p1.pette 8.DBl.)'B:1S- (Da.y, 1965). 

Coarse -.ter1a11ias dry si.eved. b;y means of a Jll8cban1.cal: shaker througb si.eves 

of the follo1dng~mesb _ si.HsI5.~6 ma, 3.35 _, 2~46 .. , 1.52 _, 0.98 _, 

0.52 _,O. o.~-_,. 0.14_~0.0~ .. and 0.047 JIll. Resul:ts were p10tted as . ~' .. 

cUllul.a:ti.ve curves on probELbui.1;y piaper usiDg'pbi.' un1.ts of gz:ai.n s1.Be.< 

ho. these curves the grapbi.c lI8&U ("m) and i.ncl.uSi.ve grapb1.c staDda1:d dev­

i.at1.on (Gi), lII!NIB1IreS of average si.H aDd.. sort1ng, vere deterJdned (J'ollt, 

1965). Ifs· i.e re~rtecl i.n UD1.ts of JdlJ.1.aeters. G"~ val.ues are reportecl ac­

ccmi1Dg 1:0 the- verlal. cl.assUi.ca:t1.on scaJ.e of P'ollt (1965) whi.ch i.e as follows. 

G'i œder .35+, very vell sorted 

.35-.so+, vell sorted 

.,50-.71., 1IOdera.t.el.y vell sorted 

.71-1. ot, lIOdera. tel.y sorted 
-, 

1.0-2.ot, poorl.y sorted. 

2.0-4.~, very poorl.y sorted 

cwer 4.0+, extrell8l.y poorl.y sorted 

.!.se i.n'terYaJ.s lIaS i.nterpol.ated fro. the CQIIUlaU'Ye ~uency-gra.1n .:1se 

pl..ot. For ael.ected 8UIp1.es, the pe:rcentage of acid 1.Dso1ub1.e -.ter1al. i.n 
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each of thecoarse (')47u) s1.eve separates was esu.s.tecl' as .the percen1;age 

of gra1.Ds 1.n a sa.mpl.e of 300 to .500 grab1s' wb1.ch d1.d not' d.1.sso1ve 1.n hydro­

chl.or1.c ac1.d (15% concentratecl). ~e percentage of' ac1.d 1.nso1ulile ma'ter1.aJ. 

1.n the sUt aud. c1ay fracUon (< 47u) 1I8.8estiJated from the 10S8 of we~t 

follo1d.llg treataent 1f1. th hydroch1or1.c acid. VaJ.ues for the standard s1.ze 

1.n1:erval.s vere 1.nterpo1ated froa p10ta of percentage of ~1.zeol.ass acid 1.n­

so1ub1.e versus s1.ze cJ.ass aecH.and1ameter (phi. um:ts). Observa:t1.ons vere 

.-de on the consU tuent na. ture of both the ac1d' s01ubl.e and ac1d 1.nso1ubl.e 

fractions. For th1.s purpose. and aJ.so for the purpose of exam1n1ng ferrous 

sul.f1.de formaUon 1.n slœ1eta1 ca.rboœ.te. gra1.Ds (SecUon :a). se1ected s1.ze 

fractions vere eabedded 1n pol.yester res1.n. th1.n. secUoned. and exam1ned un­

der a petrogœ.ph1.c Id.croscope.' Mr. Noe1 Jaàes of: the Geo10gy Department. 

McGU1 Un1:vers1.ty. prepa.red the th1.Il secUons, and a1.ded 1.n :1dent1f1.caUon 

of gec!i_nt consUtuents. 

BESUL'lS AND DmCUSSmll 

Substirate cl.&ss1f1.caUon 

On the 1as1.s of the IEOportion of coarse -.ter:1a1 1.n the substrates. 

""'a-81& substrates at Barbados aIId Carr1.acou vere c1ass1f1.ed 1.nto :tour 

tn-s. A f1.:tth substrate ~ 118.8 d1.st.1.Dgu1.sbed. fro. the othera because of 

1.1:a UDique vert.i.caJ. pos1.Uon. '.l'he UDder 5.2 _ fracUon of aJ.aost al1 sed1.­

JI8Ilts exaw1 n ed at Barbadoe a:Dd Carr1acou. conta'ned 1ess 1:ban 1O!C sUt and 

cl.a7 (.lile XYI).In the f011ow1Dg desc:J:1.ptlons. esaudy sed1went· refera to 

re:f'ers 1;0 .-+«rial coarser thaD 5.2 -. 'lbe subst:rate 't7pes are cbaracter­

~ as fol.l.o_. 
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Table XVI. Grain size charaoteristios of sediments. . 
! 
1 

_ or SAMPLI IN. SUE SlPWftS 

, 0' SIZ! SlPWH 'CID INSOLUBLI (lD braok".~ 
~ 1 .!. 110. IAllPLI UB (GlAm.) lift Y OOWE OOARSI SAD l1li1111 sœ 'INE sœ VIRY 'INJ: SIL! 1 OLAY ... SOR!M 

OIIWOftllmOI lAID sœ OLAY 
5.2 -2.0.. 2.0 -1.0 1.0.0.5 0.5 .0.25 0.25·0.10 0.10.0,05 (0.05 c. 0.002 (.) 

'l,;.' 

lA,. 

1 PI 1IIII" .. tt, O.,. 0 O., 1.1 ,.2 18.8 1'.1 2.' 0.13 .111 .on" 
(0) (1) (,) (20) (26) (50) 

1 PI û" .. h, o.,. 2iO 1.0 1.' 1.1 "'.0 18.2 1.8 0.11 nlllOn" 

, PI I\IIIn .. ~. "'., "'1' 0 0 0.2 0.8 ".0 11.2 2.8 0,12 'ftJ'7 nll IOn" ... 
bl ......... ~, o.,. "'-l 

0 

~ oa l\1li" .. ", o.,. 6., ".1 21.0 '.5 12.5 12.5 1f.5 0.50 poorlllOn" 

5 01 I\III" .. ~., o.,. 5.0 6.0 1.0 6.0 If,.o 25.0 8.0 ,.2 0.18 poorll .on" 
(0) (11) (24) (If,) 

, ü""oent •• 10. 5. lM lD 10.0 31.0 ;'.0 6.2 12.0 1.8 0.01 0.18 . poorll IOn.d ..... ..,N ..... , O.a. , " IIIII" .. ~., o ... 2., 6., '.8 11., 5It.8 12.1f 1f.5 0.21 poorJlIOM" 

8 or """'" o.,. 5.5 11.0 llf.O '.5 26.0 19.0 15.0 0~20'ft17 poorl1 tori .. 
(1) (2) (1) (,c) 

, cr ...... h, o .... o., 2.5 12.6 22.0 lt6,o 12.' '.1 0.21 poorl1 .OM" 

10 '."'0"" .. 10. , , but lft J8.5 31.5 25.6 '.1 ,., 1.' 0.1 1.1f5 POOl'l1IOM" 
....... tr ...... , o.,. 

-.c. ..... "' . .I,j, ... ,'"'_=""" ......... rl-o'-'oOr ........ -Io.. ... "" ...... • ~ .... _ .. _ ....... ,rr ...... -··_.~ ••• • ........ _·/t~·· .. --_···-·~···_·_----'--_··~_.~~---_ ..... 
___ ............. u~~ ________ ·_·_ 
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"Table XVI -- Continued 

_ or &AMPLI DI SIZI SEPWftS 
• or SIZI &lPWft AOID DlSOLUBLI (0 b ... lcn.l 

10. 8AIIPLI 11ft (GRAm) VlRT OOARSl OOARSl WIll MlDIUH SARD rmSARD VERT rm SIL! 1 OLAT Ha SORU. 
'l"" .-, 

GlWotIIUmol SAND SARD OLAT 
,.2.2.0 2.0.1.0 1.0.0., 0.5.0.15 0.25 .0.10 0.10.0.05 0.05 0.002 (-) 

Uftl ( •• nlau") 

11 !l'aaIltù ..... 10 .. 1- 1.' 2,.6 7'.' 0.2 0 0 0 0.'1 ~.11 IOrt .. 
•• ra111 ..... 1. boU .. 
...... et fiaI .... b .. 

lOU1R OOAst • st. UVIlDIOI 

1-4 

11 Up"", ot .... ta.11& b", 0 0.1f 1f.5 6.1f 82.7 6.0 0 0.1' "'lrat.J,y vill " 1-4 
....... t ......... , o.,. .ort .. 

l' Up"r .. JI&I't or 'halu"'" 0 0 0 0.4 n.6 20.8 1.2 0.12 v...,. v.ll IOrt .. 
b", II Ill" ftaJa.da. 
,,"IIIOÜ\II ...... , o.,. 

lit ,. tOI' No. l', but .. t o.,. 0 0 0 0.5 51.5 1f5.0 '.0 0.10 vell .ort .. 

15 O.ral JI&I't ot b", puPe '.7 ,., 10.1t llt.6 1f,.5 11.8 '.7 0.2' poOl'lI IOrt .. 
!ba1 .... la. l'loh r .. lIII&, 0.6. (0) (1) (2) (24) 

16 A. roI' 10. 15, but .. t o.,. '.7 ".8 '.5 16.0 1f,.8 12.7 '.5 0.21 POO"1I .ort .. 

17 DMn .... part et b .. ,l.6., 1.6 1.8 ,., '.7 56.0 2'.7 ,., 0.11f ... I .... tlJ,y .ort" 
m .. thal.'!!!-SrI'l!pÜ\ll 

18 ln plpltnthlll Irovtb 0 1.1f ,.2 6.6 70.' 18.5 0 O.llf ... I .... ttl,y v.U 
lnlho ... • t thalalila b .. IOrt .. 
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. Table XVI. Conoluded • 1 

_ 0' SAl!PLED SIZI SlPwns 

~ 0' SIZI SIPWtIS AOm IISOLUBLI 'la baoklt.~ , 
110. IAMPLI ail (oRAm) VIRY COARSI OOWl SAND HlDIIII SAND 'IHIIWID VERY ,l1li SIL! a CLAT "- SORfl .. 

CJlWo'llRlmos SAND SAND OLAY 
\', . ,\ 

1 

5.2 -2.0. 2.0 .1.0 1.0.0.5 0.5·0.25 0.25 -0.10 0.10 -0.05 0.05 0.002 (.) 

.UIR OOASt • 0151'1. BAT 

1, 01lUII III nn ( .... ,-1), 1.' 2.6 ,., 10.2 72.0 ,., 0.7 0.17 .dlatlq 10l'hd 1., _ (0) (1) (6) 

10 01lUa 1. lOuth ( .. ,), 0.711 1.6 ,., 7.0 ' 10.0 66., 0.5 0.1 0.2' ••• rat.q IOl'He1 

OAMUOOU (aU Sil !!!l. bill.) 

.... 
Il *terhll 1., )a, nl'tlll .1II'I'Iftt O., ,.~ 12.8 2'.5 52.0 5.8 2.2 0.15 •• latll1 IOl'hd -.,J 

1\) 

22 *tlPl .. liai, l.a., la 1 .. of 0.7 1f.1f 11.1 llf.7 12.5 26.5 1,.0 '.2 0.1' pool'l1 IOn" 
.. tlb rttt 

t, ~.Iq, 6M tl'Oll Ibo ... , )il 1.2 6.8 10.' 32.7 22.1 '.0 7.' 0.28 pool'l1 IOn" 
(10) (30) (JIt) (17) (Jt,) (60) (56) 

ail J. III, ,,0. offw ... , Ita, 0.5 1.' 6.8 1~.0 9+.7 5.6 5.7 0.10 .d.",t'l1 IOn .. 
n ..... llII'I'Iftt (0) (8) (26) 

as Jw Iq, 811, nNIII lurl'.t ,., 21.2 30.5 21f.0 11.7 1.5 1.8 0.66 pool'q IOn" 

~ 01Ul1q, 5-, VIÛ IlII'I'lnt 2.5 12.5 21.0 22.5 27.5 '.7 !f., o." pool'11 IOn" 

t7 ott .... ta .... a." !f.S- o., 2., 15." ,8.0 !f2.8 o.~ 0.8 0.'0 .d.atlll 101'\" 

te &.'lnl .... 1 •• , or I\Ibnatl, 1.a. 5.' 10.7 1.7 !f2.0 '0.1 1.7 8.1 o." pool'11 '01'\" 

a, Hllltboi'cllch III, If. 0.1f e.l 21.5 Il.0 Ifl.0 If.' I.~ 0.'0 "01'1110"" 

;;~ ...... I ... · ..... 'k~:w.t"'I"""'·''''~-·--··- . 
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Cobb1.e . framework (CF) subst.Tates 

'lbese are subs1za.tes in vb1.ch cobb1.e si.zed mater1al. fOrJISa 'structural. 

frame1ft)rk' and~ S8.Ddy~nt f111s in the spaces(Pl.ate ne). 'lbe cobbl.e 

s~ mater1al. occupi.es appronmatel.y' ~ andgN&ter of the sed1ment v01-' 

ume.Ex:posures at eros1.oœ.l. scarps1.nd1.ca.tetbat the ~s1a root l.ayer 

1.s usuaJ.l.y restr1.cted. to the upper 15 to 20 cm of these subst:rates. ibese 

subs1z'ates are verr stzongl.ybouDd together, and are .saapl.ed on1y 1d.thcon­

s1.derab1.edi.ff1.cu1 t7. 

Predom1.nan:tJ;r sand Cm) substr:a:tes 

'lbese are subs1za.tes in wb.1.ch cobb1.e si.zed mater1.al. occup1.es 1ess tba.n 

about ~ of the subst.Tate v01ume. At Barbados, the PS subs1za.te overlles a 

coral rock l:asement or a l.ayer of· densel.y pa.cked co bb1.e s1.zed coral. rubbl.e 

referred to here as the 'rubb1.e l.ayer'. ibe trans1. t10n between the PS sub­

stœ.te and the rubb1.è l.ayer 1.s generaJ.1;y abrupt, and the 1ba.'ass1.& rh1.zomes 

do not pene1za.te the rubb1.e l.ayer. 'Ble root l.ayer in PS subs1z'ates at 

Barlados generaJ.l.;y extends from the botto. of the PS subst.Tate 1ayer, at 

about 10 ca to 1. be10w the sècU.ment surface, to 1d. th1n 30 +.0 2 ca of the 

substrate surface. Vbere the root 1&;yer 1.s spread out, erect shoots of 

"""pss1.& --y be ver;y 10ng and. largel.y' unbranched (Pl.ate :IId.). At JIIOst 

areas in Carrl.acou. -the PS substrat. 1.s of UDdeterll1ned th1.cJmess (but over 

1 .l, and -the ""'-111.& root layer occara 1d.1h1n the top 75 ca·of the PS sul>­

st.Tate layer, and. COIlllOn1;y 1d.ti:d.D the +.op 20 ca. 

Cob'b1.e-.a&Dd. (cs) substrates 

Zn ibese subs1zatee, cobbl.e a1.zed aa1;eriaJ. occup1.es approxi.aate1.7 5 +.0 

4S1' of the substrat. VOl.1IJIe. At BarlBdos, CS substrates over11.e & coraJ.. rock 

lIlseeent or l:Ubb1.e l.qar, as descr1.bed for the PS subs1:r&t.es • 

. _---------------------:----_._-_ ..... 
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Oobb1.e-Oobb1.e-aimll (aœ) sulletza;œs 

DWssubstm:œ -t7,pe< Ü hl'teraecl1ate between the_ CIl &Dd CS substmte 

t7,pes, 1d:tb cobb1.e s:1secl ... ter1&1 occupy1ngaPlŒOn..te17 .50 to ?Q.C o~ the 

subst:rate vo111118.ï DWs subs'tft.te VPe 'AS encOUDtered. at 01117 ODe pos!:t.i.on, 

iD O!.sUn Ba,... Bere, a 1ayer of S&IJd oyerHes the ces sUbst:rate, &!Id. a ml»­

b1.e l.&7er occars bel.o1r 1:be ces sulletrate 1a78r. """·ss1& %'b1so.s are re­

st:r!.è:t.ed to 'the ces subst:rate 1a78r_ 

~ subst:rate -tn- occars a't Bath. In BeYer&1 DS&r-abore azeaa a't 

:Bath, comers1Dg "'YeS haYe C&1UIecl p111ng up of sIœ1etoDS of the co%a1 

Pon1:eSfurciatato a~1:el.7 10 Ca bel.Ow -.n 10. water. ~ese &rea8 

are exposecl &1010. water of sprblg ti4es. !he sJœ1etoils of Pontes :turcata 

are 1rrepl.ar17 bnDcbed. ~cal. structtu:es a'bout 1 ca in cU&Ileter. 

'l'be sIœ1etoll8 ~0Dl a structural. ~naevorJc, &!Id lS8.IId7 "",·.,10 ~llls in the 

spaces. An eàt!Jlatecl SOJ' of the substzate vo1u.e !.s occupled. b.r Pontes 

sIœ1etoll8. .",., P's1& %'h1Jso_ are restr1ct.ed to the upper 15 ca of tbese 

subst:rates. 

GeDe%al. lrt!!1'osI:!.éT 
~_ &fi*l'&"secl 1a~1z7 &Dd d1str1b1lUon of .... gzass_ are sbo1m iD 

"«. 16. '!he .... '·_k becl. 1!es pa.rt1a1.1T iD ibe 1_ fd larp zvcJas. the 

I~ SODe zvcJasl, 1ddcb r1se c1.ose 1;0 &Dl abcnre -.n 10v wa'ter. Sball.ow 

---- ---- - --- ---
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water turb1d froDl st1rred Up bo:t;toDl setU.ment, except for a fe1l' hours at 1011' 

1rater. CUrrents over the 'l'baJ ass1a'bed are genera1.1y weak and 1rregul.ar, 

'bit 1here is an overaJ.l. f'l.01l' of vater tollaiods the NW and currents are strong . 

:ln clVl'illDe1.s cutting througb the sbaJ.l.01l' areas a t the Nil and SE bo11Dda.rl.es of 

the. bed. Seaward of the ".,., ass1a bed . ios a cora1-coralli.ne aJ.ga1 bottoDl 

wi.th oDl.y 1zansioent saud COYer. 

Subs1zate types 

'!he d.1stdbuUon of subs1zate types :ln the 'l'baJass1a bed :1s shown :ln 

Fi.g. 17. A œ subs1zate oceurs at the seaward face of the 'l'balass1a bed 

where lBve acUon. bas caused p1J.j,ng up of coarse debr:1s orig1.DaUng f'roa the 

cora1-coral.l.i.ne aJ.ga.1 bottoa. 1hi.s -.terl.al. is pUed uP to about 25 cm œ-

1011' aean 1011' water. 'Dle coarse debr:1s consists l.arge1y of 'aJ.gal. balls' 5 

to 15 cm :ln d1ameter wh1.ch were formed by growth of encru.sting coraJ.1i.ne 

a1.gae &rOund 100se cora1· f'ragIIIents. these al.ga.1 balls 1I'ere 0 bserved rolli.ng 

about :ln pockets :ln the cora1-coraJ..l.:lne al.ga.1 botto.. Pl.ate nc is a photo­

graph of' an erosiooDa1 scarp :ln the CF subs1zate area. Ske1etons of Pori. tes 

furcata are pUed up at severa1 nearsbOre areas (Fi.g. 17) as descr1.bed above. 

1be upper 1i.ai.t of' acCl,.IJ'a'ti.on of' the Pori.tes ske1etons is probab1.y deter­

Jd.ned by factors 1i.a1:tlng the growth of' ""'2SS1a. io.e. Udal. 189'e1. In the 

sba1l.01l88t. areaa of tbese :nats, grovtbs of' D1pJantbera oceur, aDd assoc1a-t;.. 

ecl nth the DipJantbera 1& an acmwn1a'ti.on of' saud7 secU.aent to about. MLV 

189'81. PB subs1zates oceur :ln 1Dsbore a.reas bet.'Ween the Pori:tes rubb1.e 

nats. CS suba1:rates oceur 0Yer .ost. of' the 'l'bale'!'s1a bed area. 

CI:&1n s1ze characteri.sUcs aDd the pzopoz Uon of' acid 1Dso1ub1.e -.teri.al. 

of' saapl.es f'roa the d1:f'ferent suba1:rat.es are glven :1n 'nLb1.e XVI. 1here i.e . 



r 
! 

o 

~' -,------------ -------------------
177 

SOBle va:d.at.1on in therèJ.at.i.ve aaounts of coarse, l'ièd1.UIÏland fine sand, bat 

al.1 saapl.es are cbaracter1.zed· by small. a.JBOunts of sUt and. claY'. Samp1es 

from grass-1'ree areas cU.:rfer fro. samp1es fro. the- 'lbalass1a stab1l.1.zed sed-

1aents in hav1ng lIUch smaJ.1er proport.i.ons of ~ smaJ.1er tban 0.5 JIIJII, tM.s 

11l.ustrates the 'effect, of .'Jbalassia in JIlOd1:f'y1ng ·sorti.ng of· seci1Jllents by' 

Maves. 1he good sort.1Dg and coarse grain sUe of samp1e 11 (1kbl.e XVJ:) from 

the coral.-coral.l.ine aJ.gaJ.. bottom i.s 1ndi.cat.i.ve of the strong wave &ct.i.on ion 

that area.. 

Sediments at Eath are der1.ved from severaI. sources, and tM.s i.s refl.ec­

ted in theconst1tuent composition. S1œ1etal. carboua.tes constitute predom­

iDant class of s ed1mentconst1tuents, .. king up a~x1.Jatel.y' 75 to 9~ 

(equi.vaJ.ent to the &CH s01uliLe fraction) of the sed1aents. 1hese are de­

ri.ved :La.rge1y f'roa aolluscs, coraJ.s, Hal.1.meda (green aJ.ga), 

rad aJ.gae grow1ng in the 'Ibalessia beds and onth8 bard coral.-cora.l.ll.ne aJ.gaJ. 

bottoa. Minor aa:nmts of debd.s deri.ved i'rom ecb1nOdoerms, aJ.cyouar1ans, 

crustacea and ostracods vere recogni.zed in exa·'nat.i.on of the sed1.Jaents. A 

fev coJÇOsi.te gra1ns, prolabl.y deri.ved 1'%0. the Pl.ei.stocene coral. cap or 

%OCIœ of the ~ zone, were aJ.80 observed. 1be predoa1nant JII1neral.s of 

the aci.d 1Dso1ubl.e fractions of these saap1es are quartz, fe1dspL'r and borne­

bl.eDde, 1n tha:t, omer. 1heae -'Y' have been der1.ved in pa.rt i'roa outc:ropp1ngs 

of vo1cazd.c ash beds in th1s are&. (Fi.g. 16). Radi.olar1a.n tests, deri.ved i'roa 

1'ert.:1a.ry ocèa.ni.c deposi.ta on shore (fig. 16) vere aJ.ao obaerved in the ac1d 

1mso1ubl.e f'racti.on. SOU 8rOsi.on, wbi.cb i.s seyere in th1s part. of the i.s­

laDd, prolably con1z'i.1:a1:ea sUt and cl..a7 si.zed -.ter1aJ. to the Bath sedi weuts. 

Subaiza:œ stald.U:!;y 

8ed' ''''Dts aze s'ta'M',sea. br grovth of ""'-881&, as 1188 pointed out b.r 

<aDa'barg &DIl I.oveDataa (19.58), bo-th tbrougb the 'b1""'ng effect of rbi.zo.aa, 

1 
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and througb· the s10wing do1lD. of water JIOUons at. the sed.1aent surface assoc-

1ated w1:ththe presence of 1eaves. in addi:t1.on, growths of sessUe organ­

i.ems of aJ.1sorts (see 'EpifaUDa. and fiera' be1ow) he1p stab1lize the s~­

ment surface. and 1n a· 'Iba'ass1a-stand ldth a well devel.oped epifauna and. 

fiora, there i.e very 11.ttJ.e. djs~bauce of the secH.ment surface even tmder 

cond1.t.1ons of strong wave acUon. However, once rIdzomes'a.r8 exposed, -then 

eros1.on, . d.1rected horizontaJ.l.y fl:oa the -pl.ace' ~ exposure, may take p1ace' 

fa1r1ym.pi.dl.y and UDder coDd1. Uons of onJ.y JDOClerate wave action. Grass-

free, depressed areas or 'b1.owouts' si .... 'ar 1;0 those desc:r1.bed b7, HosIdn 

(196:3) occur throughoutthe PS and œ subst;r&te areas at Eath~ HosIdn (196:3) 

notedtbat the steep,seallard.- edges of these depressed:areas expose a well 

deve10ped root system'of 1bal.aas1a (see ·Pl.ate IId,· thi.s thesi.s), and he be­

lleved tbat the b1.owouts are produced b.r wave eros1.on ci.urblg storms. 1h1s 

may be so, lut 1.t1.s &Lso apparent tbat once foraed, eros1on at the seaward 

face (eros1.onaJ.. scarp) of the b1.owout -'7 cont1.nue for soae t1me. Measure­

.ents of eros1.on at two sncb areas at Bath vere carr1.ed out over a .one 7e&r 

per1.oda the .seaward faces of the grass-free areas vere eroded 1.2 and 1.6 m 

d..ud.Dg th1.s pe:r:1.od and m.tes of eros1.on d1d not V&ry' .uch fl:om JIOnth to JDOntb. 

At the' SUIe t1ae as eros1.on -took pl.ace at the sea.ward face of the grass~ 

azeaa,Srnnse'!-wa advanced 1n1;0 the 1eeward reg1.ons, restabU1.z1ng the sed-

1.JIents. ~l.y or1.ented eros1.oDB1 sca:rps and depressed grass-free 

areas aJ.so occar 1n the CF and PF substra:1:e areas. EJ:os1.on 1.n these a.reas 

1.s probably- s1ower. 1be Ba'th 'lbaJass1a bed tims appears to be subject to 

contiDuoua eros1.on-success1.on" processes, eros1.on occu:rr1ng in SOJ18 ar..s, 

iUd. gz:ovth. of Szr!n&"!r' 8Dd: subsequent deve1o~t of 1ha1.ass1a and assoc-

1ateid epifaUDa and fiora 1.n other areas. Baery et. &1. (1957) re-.rlœcl tbat 

gradecl bedding 1IOUl.d be expected 1n shall.ow l.agoon areas subject 1;0 

-------_._--------
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conUnuous erosi.on and deposi. tion of ·secU.ments .. by t1daJ. currents. It i.e 

prolab1.e tiJat -the occw:zence of a,rubbl.e 1a.yèr be1ow'the CS and PS subst:ra.tes 

at Ba.th j.s a resal.t of recurrent erosi.on-successi.on processes. 

D:1p1an1:bera. j.s rest.rl.cted h occurrence ta the shal.1owest parts of the 

Pontes rubb1.e fl.ats, and occasi.onal. narrow bands at the '1andward border of 

~'assia and Slrl.Dgod1um growth. smner"um occurs i.n the PS and CS sub­

strates, wa;fn1 7 h Jldxed stands 1d. th 1'haJ.assi.a, pure stands occur border1ng 

.the grass-free depressed are&S; and Slrl.Dgod1um rh1.zomes can be observed 

gro1d..Dg hto 1;hese areas. '''8.1assi.a occurs i.n pure stands i.n the CF sub-

strates, __ ' n1 7 in pure stands i.n the Porltes rubbl.e flats (>lIdxed 1d.th 

Di.planthara. in SOllle of the sbal10wer are&S), i.n Fe and lIdxed (1d. th 
Szr!nsocH.1Dl) stazJds i.n the CS substra tes, and i.n m1.xed stands onJ.y i.n the PSi. 

substra:tes. In the absence of recurrent erosi.on processes at Bath, 

Syr1nS"?!tua 1IOU1.d probab1.y' be comp1ete1y repl.aced by Tba.1assia. 

BJd:t&1lll& aDd· fl.ara 

A nch epi.f'awa and fJ.ora occurs i.n the Ba.th 'Jbaless1a. 'bed. !he JIOst 

alvncJant aDd. CODSpi.CUOUS orgazd.sJlS are (subst:ra.te types i.n bracIœts). the 

cora's.l'ar:U;es ~ta and Si.derast:rea rad'ans (CS), a spoDge Antbosis!ella 

va.r1a.Da ? (W,CF,CS), the &DeJllODe HoJlOsUcban1:hus duerdeni. (PS,CS), the 

sa.1wtll 'd pol.7cJ:8e1:e Brancb1o ... ms!y-.cul.ata (FF,PS,CS), the Queen conch 

S'troallas ~ (PS,CS) and a D1DIber~ s.al.1 gastzopods such as Co1uabella 

..rca:tar1a aDd S-7'88'''. Y1r1di.s .~ vbi.ch feed. on 'Ibe'·ss1a. or .i.-ta 

eP'-tio tes; ba:ndt crabs Cal.c1Ims tublcen (aJ.1 subst:ra.tes) and· Cl.i.1Bne:r1.us 

t:d.co1.ar (pp'), a lIIuiber ~ .sp1de:r crabs, 1nc1ud1Dg.~ acu1eata and 

.. .. . ': .. ' " -...... : .. ~ .-:- :', --, 
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. (w,œ,ps), the ses. urch1n Tr1.J!l!!IS'tes esc:ul.entus (PS,CS), the large optduran 

Ophi.ocoaa ech1Datal the gr.een aJ.gae Cau1erpa. spp. (œ,CF,ps), Avr&1.nvu1.ea 

n1.F!C8DS (œ,CF), Avra1nvUl.ea ra1lSO~ (CF,œ), Udotea spp. (œ,ps), and. 

HaJi-wJa opuntia (CF,œ), red aJ.gae AapMroa spp., and. a nuaber of b1.ue­

green al.gae. Blue-green aJ.gae (IH.crocoleus sp?) fora extens:1ve mats in soae 

of the PS and. CS substrate areaa, and. appear to trap fine S&Dd (saaple no. ), 

Tab1.e XVI) -as dese:r1.bed. br Sharp (1969). Blue-green aJ.sal growths vere exaa­

ined for the presence of heterocystous (H2 -firlDg, Stewart, 1966) forJlS, lat 

nODe were observed~ In sOae œ substrate a.reas, Hal.heda opuntia, Por:1tes 

fUrcata and. Avrai.nT:1l.l.es. r&1ISOnU. have coaplete1.7 overgrown the substrate, 

c&us1ng a reduct:1oD :ln the nuaber of ~sia shoots. Growths of 

A'Yr&:1nT:1l.l.ea r&wson:1:1 in the CF substrate areas have the saae effect (Pl.ate 

nb and. Tab1.e xvn below). 

V:1th the except:1on of a __ 'danid pol.ycbaete and. a jawf':1sh, 1DfaunaJ. or­

ganisas are V8r7 spa:raeJ.y d:1str:1bated at Bath. Tubes of about 5 ca length of 

a sll&l.l M.l.daD1d poJ.7cha.et8 (a:Lp!!neUa i;orq,uata ?) IlUIlber in the thousauds 

par squaze aeter i.n 80 .. PS 8Dd CS substrate a.reaa. Thé,. are IIOSt COIIIIOD in 

8IPe88 of sm""!",!,,, growth wbere the secu .. nt CODS:1sts predoldDan.t17 of fine 

sand (sucb as for saçl.e 1 .. Tab1.e XVI). Bur.:z:ows of a jawf'ish (probab1.7 

Op1!top'tbwsaur:1f'1oona) nuaber 88.81&1 peL' square lI8ter in a few restr:1ct­

ecl CS subs"trate azeaa of ratber spa.rse Thal.ssia growtb. Vith the excep­

tion of tbeee ~, 1Ib1.cb --7 cause 80 .. ovezLti* ning of the top 10 ca 

of se"'~t, 'tbere 11&8 no erldence of S1p.1f:1C1Ult oy_Lu. ,,'ng of the Bath 

.... 'wenta br 1.nfauaa1~. 110 blY&l.Y8S otber t.ban the occas1one.l. 

Atr.1Da s_'''''''. Were oblserYecl. A ter.rebelll.d ... co~ on the 1IDIlera1dea 
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Organ1sms, in 1;wenty-one 0.15 m.2 infaUDal. sam.p1es, only 4 polychaetes, 3 

s1.pan~o1ds,5 enteropneus-ts (Ptrchod.èra lahemeus:1s), and 1 cal.11aDas1d 

vere collec1;ed. 

1be St. Lawrence TbaJassia bed 

General. .!mb:ograpbT 

'!he genel:aJ. Jvdrography' &Dd distri.bution of sea grasses at St. Lawrence 

1s shown in Fig. 18. A rubbl.e reef bordera the shore a t distances of 70 to 

170 m. f'rom. shore. Sand covers the botto. in the 1ee of the reef, and the 

sea grasses 'halass1a, Sffineod!um. and D1pl.anthera are aJ.l. common in the 1ee­

ward area. '!he ~ia bed' refera to the largest, centràl. sea grass bed 

in Fig. 18. Vave action over the 1eeward area :1s generaJ.l.y' gent1.e, but at 

hi.gb t1de :1s usual.l.y suf'f1c1ent to cause st1rr1ng up of the sed1.aent sur.f'ace. 

A continual. current nolIS vestward over the 1eeward area, presumab1.y resu1t-

1ng from. the easter1y component in wave approach on th1s coast, ve1oc1 ties of 

4.7 aDd.. 10.7 ca/sec vere observed at 10w aDd.. h1gb tide on a day of moderate 

sea coDd1:tlons. 

Substrate tues 
'l'ha'assia grovs in a CF substrate at the inDer bol.'ders of the rublae 

:reet •. ~ cob'tiLe :tra.eworJc 1s -.:le up of :tla.ttened aDd.. roUDded coral. debt"is.· 

PS subs1za:tes occur 0Yer the ent.ire 1eewarcl area. A rublae layer occurs a t 

a deptb of 10 ca to 1 • or ~ be10v the substra te su:r.tace. 

Sed' went sise and consU-tuent cbaracter1sUcs 

Grain size cbaracter1stics of s-d1went saapl.es fro. St. Lawrence are 

g1.ven in 1kbl.e XVI. Al.1 saapJ..es are cbaracter1.zed br a predo-1œnce of fine 

saDd si.zed sed1 -mt, and 1ess tban ~ sUt 8.Dd cl.ay. South coast sec!1 -mta 

wailt 
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contain very 11:t.Ue (1ess tban 2lC) non-carbonate material.. The carbOnate 

f'ract1.on of St. Lawrence sed.1.ments is s1.mUar 1.n const1. tuent compos1. tion to 

that descr1bed for Bath. 

Substrate stab1.l.1.ty 

Not1.ceabl.e changes in substrate 1ave1 in the grass-free sandy areas 

over periode of several. weeks 1.nd1.cate s1.gn1.f'1.cant motion of the sed1.ment in 

these areas. Cons1.derat1.ons based on setU1.ng ve1oc1.ty, tbresho1d ve1oc1.ty 

and roughness ve1oc1.ty 1.nd1.cate that part1.c1es of about 0.18 mm in d1.ameter 

requ1re the 1east d1.sturbance to be JDOved 1.n comparison to both 1arger and 

smaller pa.rt1.c1es (Inman, 1949). 111e St. Lawrence sed1.ments are 1.n generaJ. 

we11 sorted and have aed1.an d1.ameters c10se to th1.s val.ue. Thus aven though 

wave act1.on 1.s not pa.rt1.cu1ar1y stroug 1.n th1.s area, the sed1.Jaents are eas-

1.1y .wed. 1bere was 11. tUe change 1.n substra te 1eve1 noted ri th1.n the 

'l'bal.ass1a bed, but, at h1.gh t1.de, there was usual.1y not1.ceabl.e d1.sturbance 

of the sur1'ace sed1.aents in BOst areas where the surface was not stabU1.zed 

b.r bl.ue-green aJ.ga.e or other orga.n1sas. Eros1.ouaJ.· scarpe border much of the 

1eeward .arg1.n of the bed, and 1arge changes 1.n the 11B11. ta of the bed occur­

rad subsequent to .app1.ng of the 'fba,]essia bed in Ju1y, 1968, eros1.on occur-

1.ng 1.n 80 .. areas, aud extens1.OD of sm n!!?'ttua 1.nto grass-free areas e1se-

vbere. 

1balsssia occurs in pare s1aDds at the 1eeward edge of the rubbl.e reef, 

aud 1.n .pare staDda and lI1.xed ""'8ss1.a-Syr?nf"?"!ua stands in PB suœtrates. 

Szr?nrrvffua occurs 1.n pare s1aDds and Jd.xed staDds. D1.p1anthera 1.s restr1.ct­

ed to s~ pare staDds ouÜJ1.de the -.1.n .... '8ss1.& bed. 1be substrate 1.n 

areaa wbere Dip]8nthera gro ... 1.a notlceab1y una1:abl.e, and DiP'8n 1;bera 1.s 

------------, .. -,. ......... . 
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a1 ternate1y . covered by sand (:inc1wU.ng ·1eaves) and then eXPOsed (inc1ucH.ng 

rhizomes) 111. th, no appa.r~nt 111. effect. RecUrrent emslon of 'lbal.assà­

S:yr1n!!"!1UJ1· stands apparentJ.y favors maintenance of Slrl.ngod1.um at 

St. Lawrence, and sha110wer a.reas, because of the instabU1.t.y of the suh­

strates, are su1.tabl.e on1yfor D1.pIanthera. 

Ep1.fauna -and fiora 

_t3§EL42!ll!91S 

1heep1.fauna andfiora. are best deve10ped in the pJre Tha1ass1.a stands 

:in the centra1 part of the- 'Jbal.ass1& bed. In other areas. the sediment sur­

face 1.s 1arge1Y ba.re. '!'he most abunda.nt and consp1.cuous -e1ell8nts of . the ep1.­

fauna and fiora are the cora.1s Porites f'urcata and S1.derastrea radiansr 

sponges (HaJ.i.c10na spp. and othersh the ·&DeJllOne Hoaost1chanthus duerden1., 

the sea urc!dn ~pneustes eScu1entus, the oph1.uran. Ophlothr1.x orstecH1., the 

queen conch Stro.bus ~ and small. gastropode as at Bath, sp1.der crabs as 

at Bath, the b1val.ve At.r1na seJll1.rmdaand the asc1.d1.an M1crosolllUS helleri are 

are pa.rt1a].l.y burl.ed :in the sed1J1ent, -blue-green a1gaJ. .. ta·as at Bath, -and 

several. .. spec1es of Caul.erpa. are coJllJaOn. In soae areas, sponges ·have over­

grownthe eubstrate, appa.rent17 ·cboldng out· 1bal.ass1.a- ('nLbl.e XVIi, be10w). 

Macro-:1nf'auna are ablDdant :in coapar1.son V1.th the 1nf'auna at :Bath, but 

not abmdant in coapa.ri.son V1.th teJRpel:8.te water :1nf'auna. Inf'aunal. organj.s1lS 

are lIO%'e or 1ess un1:f'orJÜ.y d1.str1. bt1ted in the 'lbal.ass1.a bed, and are 11.a1 ted 

1argel.y to the top 10 ca of' substrate. 'lbe..,re alundant orgaD1.sJlS, and the 

approx:t.ate mDlbers par square _ter &rel b1val.vee Coda.1r1a orb1cal.ata (4.4), 

~. pectln e11a (26), ~. orb1cul.a.r1.s (15), Cb1.one pzpua (8.sh gastropode 

~ striata (1.5), OUTella ~ (2.3) and JaspldeUa jasp1dea (3.6), the 

the a1pmcul.01d S1.pnoao ... cuwanemte (s.lh the bo10tbur1an 

----------_. _._-'._._--
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Tb,y0ner1a . cognata. (:3.9) ,the enteropneust Ptychodera ba.ha.Jaensi.s (4.4) J 

polychae1:es aU spec1.es (9.1) of wh±cJ:? the most a1:undant are G1ycera ~. 

(1.5) and two C&p1te111d spp. (2.4). 

1he Oi.stin Bay Tba.l.assia beds 

'l'Wo 1baJ.assia beds at 01stin Bay were samp1ed in the nutr1ent s'tud1es. 

Thereare no offshore reefs in 01stin Bay, and the area i.s subject to strong 

waye action. 'Jba.]assia 1s theon1y seagrass occurr1ng il!" 01stin Bay. 

Stands A-1 and B-2 are adjacent sta.nds in a sma.l1 patch of 'lbalassia close 

to shore at the western· extreudty of 01.stin Bay. Stand A-7 1s 1.n a small, 

near-shore patch of 1haJ.assia at the southern ext.rem1ty of 01stin Bay. 'lbe 

ces substrate at the foraer pos1.Uon 1s descr1bed aboye under 'Substrate 

c1ass1f1:caUon' •. 'lbe substrate at the 01stin Bay S position 1.8 a PS suD­

strate oyerly1ng a cora1 rock basement. At both areas the substrate surface 

1.8 d1.sturbed b;y waye acUon, and 1.s devo1d of attached ep1.fauna and nom.. 

'lbe 1nf'aunal. popJ1aUons are s1.m11ar to tbat descr1bed for St. Lawrenee. 

Sed1aents (saapl.es 19, 20, Tabl.e XVI) consi.st predomiDant1.y of f1.ne saDd 

s1zed slœleta1· carbona. tes. 

'lbe Ca.rr1acou 'lba'assia beds 

'lbe d1.stri.'btt1on of sea grasses at Carr1aoou 1.s sbown in F1.g. 19. On 

the east, 1dDd1AL"rd coast of Ca.rr1acou, a ll-8 oriented reef lies a t d1.stances 
-

of 750 to 1850 a offshore. 'lbe l.agoonal. areas beh1Dd the reef haye a aax-

1.aua depth of about 14 a. An a:t..;,st conUDuous 'lbaJassia ('lbal.ees1a­

smnrttua) bed fr1Dges the shore froa the northern part of Vater1ng Bay to 

the southern ecJse of Grand Bay, extend.1Dg seava.rd 200 to )00 a. 'l'ba]assia 

80_ of tbese areas are aubject 1;0 strong t1.da1 cu:rrents. 'lbaless1a beds on 
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other coasts are 1ess extens1.ve· than on the east coast. D1.p1anthera 1.8 noi; 

common at C&rr1.acou, occurri.ng 1.n afew shal.l.ow near-shore areas, and 1.n 
!. 

seme area.s of Grand. Bayai; about 6 m depth. Ha.l.oph1.1a ba.1.11on1.soccurs 1.n 

Tha.1ass1.a-8yr1nppd!UlIl st.a.D?s in some of the deeper beds.. Al.mosi; al.l. beds at 

depths ~eater tban 6 1Il arem1.xeci' 1baJ.ass1.a-8l1"1D8odi.UlIl bed.s, Moore (1963) 

a1so noted thai; deep beds are, ,usuaJ.1y m1.xed 'lba1ass1.a-8ffinBocU.UlIl. Sub­

strates are mosi; common1y thePS type, w1.th 1ess than 1% cobb1.e s1.zed mat­

er1a1. CS substrates oceur in some patch reef-'lba Jass1.a compJ.exes. CF sub­

strates oceur 1.n L'Es1:erre Bay, an area generaJ.ly subjeci; to turbul.ent con­

cU.Uons, and a CF substrate a1so oceurs at a near-sbore pos1.Uon 1.n H1.11sboro 

Bay. Sed1.ment s:1ze cbaracter1.sUcs ('nLb1.e XVI) are s1 mllar to those for 

Barbados '1'bal.a.ss1.a secU.men1:s, w1. th a predomi.Dance of sand s:1zed ma ter1&1, 

and~DeraJ.l.y small. amountS of sUi; and cl.ay. Except in 1.JIImed1.a te near-shore 

areas mere a 1arge proport1.on of the sed1.ments cons1.8ts of non-ca.rbonate mat­

er1aJ. (Saap1e no. 23, 1ab1.e XVI), the sed1.Jllents cons1.8i; predoa1nantJ.y of 

ske1eta1 carbonates (sa.mpl.e ~. 2J.I., 'nLb1.e XVI). 'lbe ep1.fauna and fiora 1.n­

c1ude ~ of the organ1.s.s observed at Barl:ados, such as Por1.tes furcata, 

S1.derastrea.rad1 a.ns, Ha11.cl.ona spp., Stroabus .s!e!!., Att-1.na sem1ml d a, 

~pneustes escu1entus, var1.ous sp1.der cra.bs and smaJ.l. s;asi:ropods, CalÜerpa. 

spp., A~ea. n1.gS.cans, HaUmeda opunt1a., Udotea spp., Aapb1roa spp. 

&Dd b1.ue-gr8en a1gae. In add1:t1.on,organ1.sJIIS cbaracter1.sUc of 'Ibalass1.a 

beds e1sevbere :in the Ca.r1.bbean lut not observed in Ba.r1:ados ",.J8sS1.a beds, 

oceur :in the Ca.r.r1acou 1'haJ 8-S1& beds. 'lbese inc1ude the cora.1 Jfan1.c1.na 

areolata. the 10ggerhead spoDge Spbec1.osponK'a vesJ!Lria, the basket star 

0reas1:er reUcu1atus, .aD,)" &ponges &Di a1qoDPr1.aDs, and 'the green a.1gae 

_. - - .. --_. ---------------------------_.- .. 
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po1ychaete OnupN.s erl.mata bë1ng coJIJIIDiÜyobserved. in afew shall.owwa.ter 
, , 

areas the;œ waS so-, ev1dence of 0vertur'Id.ng of 'lbaJ pssia s~ts b,y 

ea]Üanassa, .but tJ1ere was llttl.e erl.denceof bi.ogeidc overtUrn1.ng of 

~asa1a sed.1aents 'e1sewhere. 

P.roducUon data 

ProducUon data from surveys of ibaJ.ass1a beds at Bath, St. Lawrence 

and Cs.rr1acou are glven in s~ed form in 1ab1.e XVII. ExCept where 

stated,. the following remarIœ are based on these data. 

1. At depths 1ess tba.n 0.2 to 0.3 m 'bë10w mean 10w water at Barbados, 

1eaf' 1ength, and thus grc:>wth . rate and Ps are 1:1m1.ted by depth of 

water (see remarks, p. 41, 156 ). 

2. nie aeanval.ues of ~, PS' Pm and the no. shoots/m2 of PS and. CS sub­

strate stands a1; Bath, St. Lawrence and. Ca.rr1acou are remarIœ.b1.y s:1m-

llar. 

3. ExaP1Da.t10D of the or1.g1.i]aJ. data for inlUrldua1 'l'haJ.assia stands a1; 

Carr1acou revea.l.ed no s1.gn1f~cant tz'ends of change in producUon 

paraaeters nth depth. However, data were obta1ned for onl.y 7 stands 

in the deptb 'range 4 to 9 m~ Further,' ~t -.y not be re1iab1.e to use 

the reJ.à tions of AppemU.x A to esu-. te producUon of stands a t 

deptbs auch grea ter tban 2 a. 

4. Ps of CF substrate stands i.e, on the wbo1e, s1.gn1f~cant1.y hi.gber 

tban Ps 'of CS and. PS substrat.e staDds. However, the JIB.ldawa val.ues 

on each substrate type are appz:on.at.el.7 the saae. 1be -nwmw Pa 

observed for a CF stand 1I8.S17.5 lIffIaboo1; par day (Stand A-2, nLb1.e 

II), 1IbUe 'the .xi ... Ps for a PS substrate 1I8.S 17.0 lIg,/ahoot per 

da1' (Seri.es 2 St. Lawrence ataDd, nLb1.e XI). 'lbese val.ues are s1a1.­

l.ar 1;0 1:bose obserYed for 'the ces substrate in Oi.stin BaT (1ab1.e III), 
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Table XVII. Produotion data of Barbados and Carriacou Thalassia beds. 

ALI. S'l'AHIIS m&LUil& stANDS OHLr 

La Pi 
IIAXDIUH S'l'AHIIDIO OMP p. ' SHootS 

IAMPLI OAOUP !talalda !Z!l!k ftalal. - • ",-' QRWomuITIOI ft 1 ID IWIGI i BD IWIGI +!t!:!!I. ft i ID !&HOI 1 ID IWIOt 
(.) (ar/Ibo" p ... .,) (, vit vt/.!-) (1/.2 P'" da.J) (DO./.2) 

J. n. 1a ...... 1 

" INbmati 
., 21.' ,.1 17.0.27.0 6.8 1.' ".2-u.6 1510' 1571 1822 5 ".1 1.7-5.6 650 ;'0.800 

o. ......... 
lfo7' .,..... 1 26., '.2 1 1.5 160 

1. latb 
~ 
CD 
\0 

01 lIIII"ra" o.,.. 10 21., ".6 1".).2'., 6.5 2.7 ,.2-U." 1,&/ • 1600 2.6-5.0 "70.680 815 5 '.2 550 

08 IUbnrah 0.1511 2 21.6 21.0.22.1 ".5 ......... 6 468· 1'5a- 1660 0 

08 llIbnra" O.ISa 
272- 60· nlIIItod lI'ov\h 10.2 1.5 "2 

PI IIIbnrato 0.25. 18." ,.6 "0· 468- 800 

" IIIbnrah o .... 2 10.8 ,,"12., 1.7 1.0.2., 'j#)P 2 1.0 0.7-1., 800 '00.1'00 
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'Table XVII. Conoluded. 

ALI. stARDS tlW.ASSIA stAIIDSORLT 

... PI 
JUXDftM STANDING OROP 

p. .,O,S 
IAKPLI GROUP Tbalall1a§t!:!!!l. ,"-lalll& 
O!IWOfDIftIOS " i ID RANGE i SD IWIOE . + §t!:!!!l. Il i ID RANGE i. SIl RANGI 

( .. ) (III/lhod plI' ~) (, vit vt/.2) (11.2 P'I' ~) ("o~/.2) 

1 ... tIa (Inti"') 

Gr .... Rte 0._ , 27.' 2,.o.~.7 10.' 8.8-12., laof , ,.6 ,.oJt., "'0 2,0.360 

or ",,, .. h O.,. 1 Il.2 1'.7-12.' 5.~ 5."5.~ 11'" 1 1.8 l.l~.~ '10 210.820 

or IIIIInra,. o • .,. 1 16.7 ~., 1 0.16 '7 
(oYl ....... 1v .... 

~ i.' '. AYMlllrill.) \0 
0 

,. OaI'l'SalN 

PI IIIIInrau 22 22., ".1 16,"'2.' 5.' 1., '.0.8., 161" l06f 1700 10 ,.8 1.6 2.0.6.0 650. 2It5 '10."0 

08 _"Rh .. 20.4 18.0.2'.7 ,., ".7-7.2 12,8' .. 2.' 0.M.6 450 17o.61fQ 

Gr 1IIII ..... te 2 a,., a,.1.2,., 10.6 ,.,.11., 18U' 2 ,.6 ...... '.7 ~ ,,0.680 
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18.2 and 15.4 mg/shoot par day. 

5. -Routine observaUons Kere not made of the tlrl.ckness of the root l.ayer 

:in the BUrV'eye;represented. :in Tab1.e XVIi. However. exa.minaUon of a 

number of areas :in wh1.ch l.ong erect shoots occurred. and of a number 

of CS and -PS substrate areas :in wh1.ch l.ong l.eaves occurred. 1ndi.cate 

- that Mgb Ps :in PS and CS substrates i.s jnvariab1.y associated. w1.th 

l.ong erect shoots. and 'v:1ce versa. tbat l.ong erect shoots :invar:1-

ab1.y have h:1gIl Ps. S1·11ar observaUons :1nd:1cate tbat Ps :in the 
, ; 

range 3 to 4 Jilgfshootper day in PS and CS substrate stands :18 assoc-

:1ated w1.th shal.l.ow. presumab1.y pa.rt1aJ.l.y aerated. (see p.62 ) root 

l.ayers. ·Stùnted.· 'lbal.ass:1a gt'owths. :1.e. stands w1.th very short 

l.eaves and l.ow P s (l.ess' tban about 3 mg/shoot per day) DOt :in depths 

l.ess tban 0.3 m and for wh1.ch the nutr:ient stu4:1es 1ndi.cate growth i.s 

not l.:1m:1ted by ava:1l.a.b1l.:1ty of n:1trogen.are unusual. at Barbados. and 

were DOt observed at Carr:1a.cou. The quesUon of what l.:1m:1ts growth 

at these part:1cul.ar stands i.s the quesUon wh1.ch l.ed to the approach 

used :in th:1s study for :investi.gat.1ng the or:1g1n of n:1trogen and phos-

pboros for growth of 'fbaJaseia. it re .. :1ns UD&IlSwered. 

6. lbere :1s a roughl.y :inverse rel.aUon between standing crop of 

'l'ba'assia and standing crop of srnnrl!ua. '1b:1s i.s shown by the 

p1.ot of the standing crop of _ ThaJessia versus standing crop of 

SlËl!fSOCU.1Dl at St. Le.1I%'eDCe (F:1g. 20). and i.s a1so suggested by the 

si-11er _71_1]1 standing crops of 'l'ba'ess:1a and SlËl!fSOCU.1Ul on PS 

and CS su~trates (nLb1.e xvn). it:1s tellpt1ng to suggest tbat th:1s 

:1DU.cates s'-11ar plsc ratios for 'l'baless:1a and sronr'!ua. However. 

:1t :1s DOt cl.ear ~ 'the _xi.,. p. obaerved for the Barlados-ClZarr:1acou 
- 2 

'Ibe'eee:1a siaDds. 7.6 g/. per da7 (StaDd A-1. nLb1.e II). shoul.d be 
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Pige 20. Re1ation of standing crop of Thalassia to 

standing crop of Syringodium at St. Lawrence. 
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