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ABSTiIACT

An analysis oI lcchnical and theoretical problems associated with the

measurement of ph5'toplir"nkl.on sinking rates by scvcral commonly used methocls

indicates that thcse methods are both inaccurato and imprccisc. Sinking ratcs

estimated by thc discrctc .sample layer (DSL) method terncl to systematically

ove:rcstimate thc metln sinking rate of thc population clue to thc effect of ineffi-

cient dettrction of cells on thc bottom of thc scttling chamber. Sinking rates

est imated using the homogoneous samplc (FIS) mcthocl and so-cal led t l  , tech-

nique systematicallV underestimate the mean sinking rate if any cells in the

populat ion sink faster than twice thc cst imated average sinking ratc.

A rir4orous rnathenlatica-l framework is devclopccl which, in conjunction

with ccrtain mociificalious in scttling ch;rmber clcsign, allows cllculation of the

r)ean sinliing ratc (assuming that no cells arc positively buoylurt) for both the

llSL ancl I{S mcthods. Thesc thcoretical .urd tcchnical modifications permit

mean sinking rates to be estimated moro rapidly, and with greater accuracy

and precision, than has been possible by prcviously uscd methods.

This work rcports thc meem sinking ratcs of stcacly-state phytoplankton

populat ions wltose speci l ic growth ratcs urcl  phvsiological  states wcre control led

tlrrough use of continuous culfurc techniqucs. 'fhc sinking rates of these contin-

uous culturc popul: t t ions wcrc considerably lower than pr ior measurements on

thcir  batch cul ture countcrparts;  averagecl ovcr the ent irc ci ie l  cycle, the mean

s ink ing  ra tc  was ca .  0 .15  m.day- l  fo r  thc  cocco] i thophor id  and ca .  0 .03-0 .0?
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m'day-l  for thc cl lat ,oms studic<1. Thc morc uni[ornr clurractcr ist ics o[ stc:rr lv-

state populations, the elimination of sampling bias toward faster sinking elements,

and the calctrlation of mcan vs. medtan rates account for thc clownward rcvisiorr

of these sinking rate estimates. Sirtl<ing rates are not wcll correlatecl with spe-

cific growth rates or with different forrns oI substratc limitation. Ther onlv

exception to this is the evidence for higher sinl<ing velocities in p-limited cul-

tures particularly at low specific growth ratcs. The stuciy rcvealed pronouncecl

diel sinliing ratc variations which lrrc greatcr than thc glowth r:rtc or substratcr-

dependent variatious. The highcst ancl lowest sinking ratcs were found at the

cnds of the dark and light pcriocls, rcspcctively. Thcrse mean sinking rates arc

posit ivel l 'corrclatcd rvi th vtr ious ccl l  s izc pararnetcrs (cel l  volume, N/ceLL, C/

cel l )  at  steady state.

Thc effccts of progrcssivc nutr ient impoverishment upon populat ion buoy-

ancy were inspcctcd in nonsteady-state "bioassay" populations which were main-

tained for prolongcd perrioils in batch culturc. The meur sinking rate s ( rJ,l I aia

not show cont inuous, monotonic increascs with subscquent senescrrnce develop-

ment such as implied in thc litcraturc. f'he {,, nutt"*s cliffered in the nature

i t"nd rcsponsc ratc lv i th the substnrtcs (NOj,  Ntt f , ,  t rO[) pr intar i ly I imit ing

growth. P-I imitecl  popul l t ions showed progrcssi""  0 increases over thc 1g-day

cxpcrintcnts paral lelcd l ty slorv ratc ol  marimum yielcl  at t l inrncnt.  N-l imitcd

populalions clisplal.sd initially higll q/(rclativc to stcady-statc valucs) corrc-

sponding tt-r a morc rapid attainmcnt of mrxinrum yicld, Iollorvecl b1, declini"s g

with progrcssivc scnesconco. ' I r ia ls with populat ions of di f lcr ing ini t ia l  specif ic



growth rate and arnount of intracellular limiting nutricnt indicatc a rclationship

betrr,,ccn thc bioassav growth response and thc resulting buoyancy cycle. Thc

pcrsistcncc of a clicl i"ruoyltncy rr)sponse in thc firce of clcclining rnctabolic activity

implies that the responsible physiological rrrechanism is related to a basal mclr-

bolic function. 'l ltc short-tcrm buoyancy rLrsponsc to a. perturbation of the

steady-state uptake system shorvs an instantaneous elevation of the population

{, Thesc resu}ts are consistent with the hypothesis that }xroyancy regulation

is related to an energy-rcquir ing prccess.
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