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‘ .. ABSTRACT

" In'situ. euclosure expenments were completcd during phytoplankton bloom

and non-bloom condltlons in coa.stal Newfoundland waters, Carban uptake, pool

size and’ turnoxer ratcs ‘of vafious ph}toplankton species and size componcents
were, slp_]shed using l40 track autoradlography nnd standard ftllratmn tochmquos

Tolal PGC v.ns ﬂpprmlmatcly 31‘3 sg V1 during blnd’m con(hhonq mmpqrml to

188 ,ng ! oin ihc nmhbluom onclosure Appruximately :b‘" of the POC rﬂnl in .

. the bloom enclosure was labelicd over thre da)s whereas only 3203 was Inbcllcd'

—_r

in lhe non~bloom e\penment The measurcment of 1C uplakc )mlJorl estimates

+of primary productmn for blgom and non-bloom condlllons in thc range of 100 ug

C 17 4!, which were greater than ma\lmum estimates retorded for the hlghly ‘

productne Grand Banks regpn (ca. 82 ng C I''d l} The measurement of spec:flc'_

LN

* cellular carhon “uptake “over time rc\calcd‘ that,” while carbon pool slzes of

ph}tophnkters durmg bloom conditions agreed ‘well wlth values found in

hterature similar taxa associated with the non-bloom e\penmcnt had. pools nbout

one half the expected size, Dlatoms were responsible for about %1% of’ the carben '
' uptake aud phvtoflagellate nanoplankters 16% during the the bloowm. In contrast
nanoplankton accounted for 25% of the non-bloom uptake. “The . remamlng‘
uptake mft;ah expenments could not be attributed to 1dent|f1able partlcu!ute.
s?urces This suggests that energy flow to higher trophxc levels may not be soley‘

through’ a classical algac-grazer food cham during non-bloom canditions,
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FEEPRE | - . R ",‘ . - .. et F' ! [ ‘—_. . . . n w

The proﬁction of organic carbod by phytJoplahkton provides the roundation‘ - o ‘.

- l'or all major pelagrc food webs (Harvey 1955; ‘Steembun - Nielsen 1975) 'In recent ."“"'
- years, measurements of ocea.nlc primary productlon have pronded the l'oundatlon
l'or the constructlon of trophodynamlc models predfdtmg potentlal [lsherm yleld
.._. L ‘ Nevertheless there s still much-debate over the accuracy of thRmethqu used- for S
Lk primary pra‘ductlon measurement and- the adequacy of the da.tahase “used’ I‘or ‘
’ S global modellng Jn partlcular there is a.'vauclty of data for many oductwe
B : ] '_ L manne ﬁsher}reglans Agreement between the w:dely used Mg tracer\f}chmque '
L \ "and qther prbce-dures sych as }xygen measurement have not always been good,
' .and numerous studies haveqexammed tlﬂa comparablllty ol‘ technlques Recent
research has also questroried whether measured ce.r.bon uptake.‘fs always a meaeure
ol' phytoplankton growtb a basic -assumption of trophodynamlc odels. '
| K ‘ ' The present study uas desrgned to‘bbtarn sccurate measurements of }
. ;. primary produl:tlon and to relate those measurements to the dynamics of the °
’ = S parhculate carbon pool durlng.'hloom and. non-bloorn coddltrons Theirehnement' :
- of oul" understa.ndlng of ‘the measurement of carbon flow in-marine systems?
i essentral tg the 1mplementa.tlon ol‘ models to predlct potential fisheries yields for’
the. mshh're waters ol‘ Newfou)hdland The coastal regipn is partxcularly v1tal -
because pelaglc and benthlc fish specles*use it seasonally as spawning grounds . i
. o The elucidation of carbon flow in the initial step in ihe food charn, the
. primary producefs, will aid in the prédiction of food and‘energ'y'sources neeeasary',r”:" v
rd " for the successl‘ul rccrultment of larval fish in coastal waters The early
.estimation of recrurtmen‘t rnto the commercral ﬁshery could provide much-needed
Y stock ‘rnanagement advrc’e vhthout ,using_the Jhrnd:ngh’f. of catch per unit efmrt
- evhluati’ogrs. The use of trophodynamrcally-based potentral fish ylelda in-a- .-

- , = f




rlgorous management role’could- allow the contmned propagation of socla.lly and

'. _ ﬁonomlcnlly Valuable fisheries.

. i . | . !.l ’ ' i ’ : . . .
o - 1. » MARINE PRODUCTIVITY ) . - - ; a
) : The ablllty to-'mea.sure very low levels of primary production wss enhanced n"
-'! ' . wnth the development of t.he ¢ tracer t.echnu‘;‘e by Steeman Nielsen in 1852, As -

L e _ mformatlon on - global marine primary product‘non prohferated attempts, were

_ ) made to collate the available data Koblentz-Mrshke ¢t ,gl (lﬁﬂﬁﬁlgned specific

N o ._'_'ile'o‘els or rang‘es ql‘ productnr'lty to dlfl‘er:ent parts ?f the oceans; rates of priita

LT product.;on were observed ld!vary by at least two orders of magmtude “Ryther

i f’*"'(mﬁﬂ/)-(/ea-tlmat.ed potent.lal fish producl.lpn based on global pnmary @J_duet.ron and
ltrophlc efficiency estlmates, and suggested that ‘most l'ishenes were already bemg
explorted at or pear. therr potentlal l'naxrrnum Over-exploltatxon can rapldly lead . '

_ to. fellure of -8 fi shery and’ consequently to .major socloeconomic and’ social ..

£ o "'.“dlsruptrod The 1mport:ance of m}:re accurate primary productlon estlmates for'

. future fiskiery produetlon eveluatlons is t.hus appal:ent o .

L . The Canadian Aﬁlantlc 2ntlnenta[ shelf region supporis one of the world's

S " mostﬂproductlve fisheries, yet few studles ol' primary produot.wnty ha.ve been

‘ ' conduct.ed there [Holhbaugh and Bootl:l 1981) Akéhhead ( 1980), Anderson {1980), X

- Anderson snd Gardner (1988), and Hill et al. (1973) have made measurernents of

S R pnmaq 'producm'lty in_ the Grand Banks' contlnental slope reglon Mills and"

—_- Fournier [1979) used primary productlon estimates to formulate a trophodyna.mnc

- model [or the evaluatron of estimates of potent.lal l'ishel‘y yleld on the Scot:an -

1 | ‘; \ Shel{f and were unable to acconnt for the observed nshery ylelds w:th the low g

,_ - \‘l‘e'\fels or pnmary productlon measured A similar ohservatlon has been madeé in -

‘ .. - the of fshore ‘waters of the 'Grand Banks (Holllhaqgh 1981} " To date, no'-r-"

, W . .researchers have addressed the q‘uestlon of pnmary productmn and 1ls relat.roﬁ‘!lhrp

‘ R 2R to flsherles product:on in the mshore waters “of the Grand Banks. This

, : - uneertmnty about ebsolute valueo of brbloglcal productmty is lrue for vast tracts Ca

v . S _‘_ ol' tbe WOrld s oeeans (Smlth el al, 1984) ' ' .

[RN . . . { 1
Il".'. >, . . L . . Ll . N . s
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m,ey not’ be directly coupred to cell growt.h.

- > | 3t N

. 1.2. PRIMARY PR:O_DUCTION METHODOLOGY .

Cushig e? af.‘(l%Sa) define ‘primary ﬁfoductio,n as *the carbon fixed per
m? or pe;- m® per unit time' Radbisotope uptake was first used as 2 sensitive
tneans to measure aquatlc prlmary produetivity by Steeman Nielsen (1952) and
has since become the prlnclpal method used to determine prlmary productivity in
coasta! and oceanic ennronments (Dnvles and Williams 1984). T-he use of the l"C
tracer to measure prlmary productlbn has been augmented by mnny alternate
approaches, such as changes in ATP (Sheldon and Suteliff 1978), changes m
dlssolved oxygen [Tussen 1978) and changes in @-ttcle numher and volume
(Sheldon et al. 1973) T . '

-

Petérson (1980], ina tharough review of “C mcthodology, noted that while -

very close agreement he’&ten been found between '4C and tradltlonal hght/dark

~ bottle oxygel techmques DumMmerous dlscrepancles still rimam Davnes' and

Wllhams (1884) 1nd1cated several"i.potentml sources. of vari tion, i cludlng

methodologlcal blas, ‘containment effects, and dlfl'erent 'sampling and i cubatlon
strategies. The problems associated with the measurement of primary production
using tracer techniques have {requently been addressed in the literature.

The flow of labelled carbon’ through the photosyntbetic system into short

"a._nd long-term end products has received considerable-attention recen'tly’(Mr.;rris

1980; Li and Harrison 1982; -Barlow 1984b;: Welschmeyer and Lorenzen 1984;

Palmnsano and Sullivan 1085; Sargent el al. 1985) The mcorpomtlon of label: "
into a vdriety ol‘ products such as proteins, carbohydrates, plgments hpnds and a

variety ol‘ lntra.cellular carbon pools has, been documentéd to vary with the length

of incubation. Slnce some of these end _products, such as llplds, do-not- indleate .
: érowth vatiation in leng'th of incubation can- yield ata that become dlmcult to
mterpret Productmty is often measured durmg short. term 14C mcubat.mns, on -
., the order of 2 t.o B hours, a period which i usually shorter than- the division time

- of the populatlon As a consequence,. .carhon fixation during the mcubatlon pcrlod

-
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1.2.1.-1NcuﬁA'rmN TECHNIQUES - = ° :

" Production estimates ean vary depemrding ol the\portlon of the photoperiod
used for the incubation. Dlsagreements between prlmhry production estlmntes
.can therefore be observed when the results of short-term incubations are
. compared to those of long-'te_rm ones (Harris 1'978;“Morris i980; Peterson 1980).
-Although 'short-term incubations _generally yield- higher primary production
- estirnates than long-term ones it is thought that lenger incub‘ations are mc;re likely
_to include any cyche patterns of. carbon\nutnent uptake (Vennck el al. 1977;
Goldmsn 1980; Morns 1980] The contannmbnt of. phytoplankton for long—term

" incubations does, however, present. maiy potential physmloglcal problems which’

\ "
. R (Y order to 'mmnt n long-term mcubat'lons Ms), "hottle™ or
- 'cg_ntamment' elfects must-be mmlrmzed Some of the effects o 4containment in .
: incubation bottles include: photo-:nhlbltlon (Goldman and Dennett 1984); nutrient:

lzmxtatzon (Hattori el al. 1980), phytoplankton death (Vennck el al. 1977), and

- “could )'It!ld low e;.tlmates oljﬁJlmary productlon‘ ] ) -

trace metal contamination (Davres and . Williams 1084).  Trace ‘metal
contamination of both incubation containers and/or ¢ stoek solutions has been.
. shown to cause lnhlbmen of-photosynthesis during incubations (Gelskes €t al: "
-197'.9; Carpentér and Lively 1980; Fitzwater ef al. 1982). . Many containment
. effects can be attributed to the size of the vessel in use. Gieskes ¢t al. (1979)

.found that the rate of‘i‘lecrease_ in chlorophyll, interpretecl 2s an undes_iral:le

containment. effect, was an inverse" function of container size, ,ant.ainers holding

L -7 more thnn 4 liters do not ap.pear to enhance phytoplankton morta.ht.y (Gel§'kes el
. v al. 19"9), and Psrsons (1982) suggests that. mote trophic levels can be exammed a3
con tainer size is mcreased ' : )

_ _ ‘Parsons. [1981), and more " recently Bapse (1982) have both prowded
\“ + historical revrews of the use of enclosures to conduct plankt.oql research in sily,
Strlclr.land and Terhune (1961) ploneered the use of lerge plastic e'nclosures to

> ‘study mult.r-ﬁspecles or: natural mmne_ﬁ)lankton assemblaga +n sily. The types of.

% enclosures currently in use l'or such studies vary I'r\n dialysis cultures (Shult.z and
‘ o Gerhardt 1969; Jensen el al 1072) and cage enclostyes (Owens et al 1977
VAt NS L TR v . -,
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" Sakshaug and Jensem 1678), to free-floating pelagic ecosystems (a further,

refinement of the plastic hag idea) tiiat ean hold as much as 1700 m® (Menzel and
Case 1977). The main a'drantages of such large enclosures are that they allow the
stydy of discrete parcels of water snd their sssociated communities for extended

periods of time while allowmg ‘the manipulsticn of variables such as nutr:ents

" light, and pollatants, Although Parsons et al. (1977) suggest that enclosures lack

small scale physical turbulence, there sre contsinments " such as ﬂexlble

polyethylene tubes which at least -partia.lly pvercome this (Epple};r el al..1978).

- Ichimura ef al, (1980) used an enclosed water column to determine U

productwnty per unit area. - : \ ‘ ;

Ku:per et al. (1983) have . doeumented-—coneurrent phytoplnnkton hloorns o

inside and outside in 8r!u plastic enclosures, mdlcatrn'g that evcnls msrde l.he

K Tb\enclosures reflect those wluch oecur naturally. Goldman (1962), Menzel and

S“éele (1978), and Kurper (1982} have all utilized large. I'Iex:ble, t.ranshrcent b&gs
to enclose natural pla.nkton communities. Kwper el dl. (1983) compared
enclosires, rangmg hetween 1 and 30 m ,\in the Rosr_;orden fjord, Norway, and
found that the 1-2 m volumes were su[l’acxent to avoid *bottle*. effects and
permit long-term (4—8 wk) incubations of _phytoplankton.  Total plankton

communities can be contamed in larger enclosura (16 ms) under nearly natura]

condltrons Tor extended periods or time (4-B wk: Jahnke el al. 1383) By avordlng,- =

the contammeut problems often found ify simulating natural en\rlronments wlthln "

the 1aboratory, in silu experlmqgtutlon can‘be extragolated more reliably boopen

'ses dondltlons (Juhnke et atﬁ1983)

. N -
- * + ’ - ‘
. . .

1.3. CARBON UPTAKE VS GROWTH

*

0 The question Lf whether the l“:C method measures net or gross.. Klmary :

. productivity rates remams 8 problem Growth can be rneasured as'the chnnge in "’

biomass via cell counts or s changes in partlculatc orga.mc ¢irbon (POC) Early
concepts of growth end prlmary production {Steeman Nielsen 1952) suggeatud the

two processes may be synonymous however, studies by Barlow (1684b) and Ll-—

and Harnson (1932) I'ound 1hat newly. mcorporated carbon was "directed: tg cell

b4 vy

I.\
¥
Ay
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componients such a5 photesynthetic gigmln’ts and lipids, which are not always

- good indicators of growth, Smith (1982) also suggested that t.he proportion of

‘carbon in any one of these components or pools which is metabolically actwe may

vary. High rates "Gf\earhon pool t.urnover do not necessarily result in

13
phytoplankton g'rowth- For example, orgenlsms utilizing: a small proportion of

. thelr cell carbon pool in rapid recycling would produce a high cM‘x.but not

necessarlly an increase in biomass (Smith 1982). The size of the me a.l)olicelly
active carbon pools in a natural phytoplapkton populatlon needs to h’e determined

on- B species level to understand carbon flow better in marine phytoplankton

commumttes Bouldmg and Platt (1986), l{;uglas (1984), and Smrth etal. (1984);

have - al] addressed the toplc of carbon

' _-l'ractlons of- phytOplankton eomrnunihes bul theu- techmques have not nermrtted a
' descnpt.lon ol' carbon uptake by mdwldual tnxa w1thm of marine phytoplankton "

" communities.

3

There has been. a recent ‘movernent from the commumt.y level t.o the :

organismic level to understand the l'nndamenta.l processes “of prrmary productlon

and carbon flow better in manne systems. The tradltxonal use of MG tracers for -

" community produmon estimat as befn modlfied l'or examlnatlon of individual -

phytoplankton commumty components Knoechel and Kalff (1976) developed He
track autoradrogrephy as 8 method for the qletermlnatlonyof phytoplanltton
species productmty in freshwa.t.er, and t.l:us approich is being amlled to oceanic
systems as a part or t.he P!ankton Ra.t.e Procmes in the Oligotrophic Oceans

.(PRPOOS) st.udy to lncrea.se underst.andlng of carbon turnover rates and~

L)

¢
. . L

Newl’oundlpnd lnshore waters and lo jddress the inconsistencies currently heing
encountered with respect to ol lncorpora.,txon and populetlon growth estlmates

barbon uptake, pool size, and turnover rates of various phytoplankton species und .

siae-component:s were examined for, phytoplankton populations using Y4C track

take by varlous port:ons and mze ’

My projecl was designed to det.ermine' rates of primary pro'dul:tion iy

e !
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h‘.“___,,l‘ radiography as well as st.andard filtration -téchniques. The experiments were L
chnducted in (1 m) in situ enclosurea to minimize contamment effects and: to »
oid extrapolations from laboratory phytoplankton cuitures grown in artificial
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. MATERIALS AND METHODS

e s . . . \
; . ™

To eluc:dat.e the patterns of carbon flow im marine phymplankton 1 m

pquethylene enclosures were deployed in both phytop]ankton blobm and non-
' bloom condjtions in coastal Newfoundland waters. These long-t&rm (100 br), m

: ':5‘/\ - sity, ‘time O(Jurse mcubatlons! allowed s detailed observation ol‘ prlmary , '
) -productlon and carbon ﬂow on both a"specws and commumt.)r level. P
. o : | * L - ) o - - “
2. 1. STUDY AREAS o '
T The sprlng bloom enclosure expenment was eondmted in -Bonne Bay, a

fjord located on the west coast of Newfoundiand (Flgure 2-1) This site was
choosen because of ils relatwely easy access in early spring; its sheltered nature,
. : and the laborat.ory facilities offered by the nd]acent Memorial Unwers:t.y field
Lo * station nt Norris Point (Lat. 49" 31 00" N—bqn'g—fv‘?"—52 10° W). ' The bloom -
' -enclosure wns deployed from 1-5 May 1984, when surface water temperature was
8 °C with a thermocline at 10 m.. At this time f! the " year, the- upper .por tion of

l;he water- column represents a combivation of wu:l,t_er-t:ooled Labrador current

;vater ena-h‘ebrnﬂor current water (I. 'Webster,' pers comm. }

 in & small cove of Logy*Bay (47° ar 30 N/Long. 52° 40 00 W] loeat.ed Just. ’
A..-‘ng(rtheast of 5t. John's’ Newfoundland and adjacent to the Memorml University
.. Marine Sciences Resesrch Laboratory (Flgure 2-1): Preliminary expenments were

e+ * also conducted at tlns site during 21-23 May and - 1415 September 1083. Logy -
- Bay is strongly mﬂuenced by Labrador ¢urrent water {LCW) fowing south, [rom
” '_La.brndor‘ over the’ Funk Island Ba.nks This wat.er, before its lntroductlon onto
~ the. contmental shell, is cheﬁu:ter:zed by temperatires ol‘ 0.5 to -10 °C and,

aahmtles of ebout’:ia parts per, thoussnd . During’ t.he sumIner, warm air -4
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: .te hold a volume of 800-900 1. Hent—sealed seams were\ remforced on the outside

’ ||
temperature, lugh msolshen, and frash water runoff inodrfy the LCW’ and coasta]
waters can become]stratlf ed. Water temperature \\ras s uniform 14.5 5% to a
depth of 12 m dunng the non-blwxpenment Prevallmg suminer winds from
the west and south-west ean generate anng-shore currents that lead to periodic

upwelling of deeper, unmodified Labrader current water.

"
L}

2.2. BAG CONSTRUCTION . .

T ' . . !
The enclosures for primary production expgriments were constructed of 1 m

dtameter polyethylene tubing (0.25 mhrn thigkness) whlc'h was cut and heit sealed

-‘ oi' the bng vn'th clenr, 5.cm wide plast.lc tape The t,op support for the bag wa.e

_ constructed of 8 Plexlglas supporls glued be\.ween two, 1

m dlameter dlscs made.,ol'
3 mm Plexlglas (Flgure 2—2) "A band of 3 mm Plexlgias was glued aroynd the
edge to ‘seal t.he cover shut. Air spaces left’ between the supports provided

buoyancy, while nylon hose fittings screwed into the center ol‘ the cover provided -

8 sarfphng an’d inoculation port. Two of t.hese supports were censtructed and s

submerged in Logy Bay for ﬁaproxlmately 2.5 months to allow leaching of any °

toxins that may have been present in the Plexiglas. Polyethelyene tubing (Tygon;

-7 mm id) used for sampling was pushed onto the outside cover fitting and

_secutred with a metal hose clamp. A piece of silicon tubing { 7 mm id.) was -

sttached to the inside filting so that samples were drawn from the approximate

center of the enclosure.' .
{T 3-..MOORINGS : . :

The experimental enclosures were moored at sites selected by mspectlon of
areas using S.C.U. B.A. The enclosure in Boone Bay wa.s moored to - an
abandoned anchor chain. In Legy Bay, a much more exposed slte, the enclosure

v

was attached to a triangular mooring arrangement rade up of ring bolls driven
into bedrock and steel cables attached toa boulder (Figure 2-2). (
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2.4. DEPLOY'MENT OF . BAG

. Bags were deployed by §,C. UBA divers operatmg rmm an inflatahle boat.
Depioyment took ¢ plaee in late afternoon to 'minimize t.be amount of
,- ‘ photosynthetlc activity within the bag before inoculation with the ¢ tracer.
The bag was folded and lightly taped-to avoid premature filling. Two dlvers took
the bag to a depth of a.pproxlmately 10 m, where it was uni‘olded and pulled
. towsrds the surface with" the mouth beld open. At the surface, the plexiglas cover
was gecured in the bag opening"by a stainless -steel hose-cla.mp A temporary
sample tube was placed on the cover for moculatlon(purposes and clsmped shut to * .
prevent " water leakage from t.he bag The ‘bag was then enveloped in 13 cm
polypropylene mesh (Ot.t.er tra.‘wl nel matenal)hlawhlch ‘was sewn closed by divers-

:- wtth net mendmg needlea and- twine. Fld‘ﬂ{:were attached o the mesh near the

_ cowr to identify the apparatus as g nav:gatlon hazar ] ould it break free l‘rom-
v lts moormgs The bag was,posntmned over the moormgs (Flg‘ure 2-2] at a depth of ™.,
'- approxl‘ma.tely_o.& m by the boat crew.ap.d seeu,red to the. central mooring shackle = '
o by dwers The enclosure was aliso 'moored to ‘the shore with 9 mm nylon-
© . _‘ ' polypropylene rope, which also prowded support I'or the sampling tube attkched

toitat 3 m intervals. a

2.5. IN(_)CULATION OF BAG

5 L : The bags were moculated with 1 an of NaH“CO based on the résults of -

I ' ' t.(prehmmnry studies carried out.at- the Logy Bay site in. 1982-83 to .determine " -

: BN ~optimurh tracer a.chvlty. Tbe lnocu!atlo dong after dark to permlt tborough"

- -mixing before da.yhght. The radlmsotc;pe was dram% info & disposable 50 cc o
syringe and injected into- the. bag via the tem[:u:nrarz.r shor sampling tube. The

moculum was then ehased ‘with approxlmately 21 of sea water to insure that the

vl ’ T . -_
Al o tubmg wa.s sufficiently ﬂushed The temporary samplmg tube was removed and N A
"s‘ : " the permanent enclosure—to-shore aamphng tube wis connecfed nnd secured with '
']‘ ' - a mietal hose cla_mp. T o ey
.-l " . . , \* ‘:
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" 2.8, SAMPLING | : -

- T

Water . samples for mﬂysis of primary  production, phytoplanktop-
identification and enume}-ation': end determination of total seston were reméyd
from thetbags at 2-3 hr intervals (Table_z-i)‘Usjng a vacuum pump’ powered by a
800 wait portable electric "generat,or Water was coilec’ted in 8 4 1 borosilicate
glass vacuum. flask. A full fask of water (4 1) was drmﬁ. and discarded to I'IuaIL
thﬁamplmg tube with the equlvalen)f of five volumes before the sample was
collected; Two 100 ml flint glass bétt.lescwere filled with sample wajer at the
collection site and xmmedxately preaerved wnh acid Lugols, for later use in
phytoplankton enumerstion and ldentlficatlon, 4 n.ut.orndlogra.;:y. and

preserved pqmculate organic 4earbon [PO“C} estimation. The remaining water

was transpfirted back to the l‘ahorhtory where subsamples were taken to -

determme dissolved inorganie carbon (Dl“C]. partlculate organﬁcarbon
(PO“C), total particilate organlc carbon (POC). partlcula.te orgamc nitrogen
(PO‘\'I), and chloro;ixyllu[Chl g). - - L-—\--:' "

I the laboratory, duplicate 5 ml DIHC samples were taken using an
automatic pipette and placed in_ 20 ml polyethylene scmt:llatlon vials (Fisher)
containing 10ml of scintillation. cockiail (Aquasurc, New England - Nucle’!r)
previously bu‘ﬂ'ered to pH 9.5 to prevent loss of tracer 2 carbon dioxide. PolC

‘was- collecte{] from  duplicate 200 ml' water samples filt.ered through glass'

microfibre ﬁ;ters (254 em Whatman GF /C) and plaeed in 20 ml polyethylene

seintillstion hnls \\4 B I ml of 0.5 N HCL to drive off morgamc 14C (Lean and
Burnisqn 1&79) Sai
(cmt;llatlon cockta.ll (Aquaaure, 10 ml). Total organlc carbon (TO“C)_

ples were allowed*to"s:t for 24 br pnor to the addition of

concentratlons were determlned from smgle 10..-ml] aliquots of Lugols-preserved

water amples The 10 m]l sample was placed in a 20 ml polyethylene scmtlilatwn

v1a.l and 50 ptod N Hd' | was added to liberate inorganic carbon a3 CO2 Sodium
lhlosull’ate solution- (20% aq., 30 al) was a.dded to decolour the samples and CO,,
in the form of dry lce, was added to the samp]es twice al 24 h intervals to msure

suffi :c1ent gas liberation via bubbling. Scintillation cocktall (Aquesure, 10 ml) was .

“then added and the samples wer'e ylowed to stand overmght before countmg
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o cyanobacterra er subsequent risises were, done at 24- hr mter\rala, the Jast with a .

with autoradrog‘raphlc estlmates of activity in mdnrrdualL taxa, whlch _were ,

;‘ and stored at 20°C L THRT T W e T \

‘.tﬁrough 4. 7 em Whatman glass mierofibre filters. (GF/C] These filters’ were als‘o
_ ‘l'olded in ha’ll‘ sample srde in, aud frozen at -20 °C prror to processmg

X -ASlldes for autora.dlography were prepared l'rom 10 ml allquots of Lugols-preserved

- -nucl'ear emulsaon 'The alldes werfi air. dried: for approxrmately 30 br. Rephcate
" “slides were drpped in nuclear emulsion (Kodak NTB3) and exposed for perroda of

) o : IR " - LAl

17 . ' I L

8 . - . L

’- fl : - ' - - ’ . L L
v 'Y n - '/'

POMC was also deterrmned for 100 ml-aliquots of Lugols-preaerved aamples
filtered through glass microfibie I'iltgrs (GF/C 2.54.em Whatmaa)eand placed in ‘
20 mi polyethylene scintillation vials with 10 ml of Agquasure scintillation cocktatl g o
These samples provrtled 8 measure of total corfimunity produ‘"lon l'or comparison -- -I.

~ LY
.

performed on preserved samples All ﬁlterrng was. performed untl‘é‘g‘a vacyum. o -
less than 120 mm of mereury.- | ' -

- Total partmula.te carbora, d nltrogen sa.mplu were collected from duphcate o
40(”111 water samples l'rltered through pr&combusted glass mlcrol'nbre I'ilters (450 o \ Lok

- °C for.1h, 2.54 cm‘ Whatman GF/C). The filters, were folded in hall’ sample srde

m to avoid: loss, of- partrculntes and. then wrapped in pre-ashed alummmm l'ml
A

L3
b

ChlorOphyll a wes determmed “from - dupllcate 1 1 water samples l'rltered

2.7, 'SAMP_LE PROCESSING <

fen.a.gTORADIoanPHY' I

. Traclt autoradrography techmques, used to determme karbon uptake at the
éellular’ lev'el supplied esttmates nl’ chrbdn llux for speerlle phytoplankton taxa.

1

water usmg settl‘lng chanv:oés prevrously descrrbed‘ by Knoechel and Kalff (1978)

o "The slrdes were rmsed wrth distilled water (aaturated wrth l to inhibit bacterlal S >3 _

growth) to remove salt and. non-partrculate 1"C Cells were allowed tp aettle 4d - *

bel‘ore thé‘ first. rmse, perrod de'terrmned to he sul'l'lclent to settle -even small

100 mg It gelatm solutlon, whlch prowded a surt‘able hase for adhesion ol‘ the

2-22 d to produce a surtable range of track densrtles for cells of varylng aetmty

o . ) ' + - 3 . : I : ' ) ’
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Tié slides were then processed following Knoechel and Kalff (1976), with
development for 8 min at 20 °C. Slides were prepared for observation by

LS

&4 L _ mounting a coverslip with 30% glycerin.
foT Tracks, defined ag a string of ‘at-least l'oﬁr silver g'raihs arising within 5 um
ST "+ of & cell, were counted on an. Olympus BH-2 phase contrast ‘micrdscope. Cells

were looa.ted under. phase contrast at 450x and then tracks were counted’ at 900::

usmg the wrong phase rlng to reduce v:sual interference from the cell. Estimates

<L ‘ ' ol‘ new\carbon per cell were made -usmg t.he equatlon “described. by Kn’oechei and

IKall‘l'(lQTB] et S T

' .~ lracks ceHs -ezposure l.‘,t(rztl‘ Dl“C '
C:frbon t:ell"I ( F )

v X
PR e n osexo 98 60- (min-hr1) DI”C S
: S 2 _f o "r‘ . . / [ T v !
‘where tracks. is the total number ol‘ tra.cks cognted oells is the total number ol‘

* cells counted, exposure is the leng‘th of time the slide was mcubated in h.ours,
I“Cﬂns the total actmty 'of isotope in the enclosure (dlscentegratlons per
mmute), -and DImC is the available dlssolved inorganic ¢arbon whls’h was’ assumed
‘< to Be 24, mg C 1 (Sandemsn and MscLagen unpub.). The factor 2.0 corrects I‘or

'nnd-are not detected, the 0.86 Iactor corrects for the 14% of the heta particles
wnth insul'I'mlent energy to produce a four grain track (Levl and Rogers 1963), 0.98

s -‘corrects for 2% sell- absorptldn by the labelled cell anoec‘hel and Kalff lQ?Brl)and

", B0 cohverts ‘the ‘tracks pel; hour data lnto tracks per mlnute form ‘f-or comparison, -

.+ -with tl)fé DI“C activity, \ T,

R X X POPULA’I‘IO.N IMATES

8, *
AP ' Preserved phytbplankton samples wel’e examinéd to determine specles

COmposltlon ‘and abundance, both -of whlch were essentlal ‘to 'the elucidation of

) , speakles spectl’ic cnrbon ﬂuxes and contnbutlons to . the PO”C pool
) Pbytoplankton were settled on glass slides, 8s prevlously dencnbed for
i ,ldentnl'leatron and enumeratlon *Three rinses were I‘ound to be a.dequste durmg

the settlmg process to remove excess aalt Mt,e drymg,_.a glsss coversllp wis

FO | L :anD““tEd in 1-2 drops of ffeShl)' prepnred 30% glycenn and sealed w:th nml pohsh
-JQ— = - ) ."k ',"‘a.':‘- . . . ;
L “, ' “ e ~ ‘ I'IJ. . /'_:' ‘ | |

[0k PO | oy ta. ™
bl e A gas 8 3

+

‘the geometry of the detector; in whlch hall' ol' the disintegrations enter the slide =

a?

i
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to prevent evaporatlon Orgahisms were observed and counted at 450x or '900x
using an Olympus BH-2 phase contrast microséope and converted to cells ml? by
cqrrectmglfor_ the initial volume of water each field represented. Phytoplankton
were identified based on ,deécribt.ioq‘s by Butcher (2959, iﬁﬁf), Manton and Parke
(1960), Hendey (1964), Brunel (1970), and Lat;key and Lackey (1970]. -

z.w.a.'nAmoxstOPE MEASUREMENT-

4

o

s

Radloactmty ol’ PO“C TO“C pre;e;ved POMC, and DI”C samples, was
" determined by. hqmd scmt:llat:on countlng usmg a Beckman LS3150T liquid
K) ' scmtnllat!on spectrophotometer All vmls containing sclntlllatlon *cocktail: were .

I\cpt in ‘the dark prior to counting lo mo:d the induction ol’ phbtolumlnesccnce

; o, Means of 8 repllcate 10- minute counts ‘were correct.ed for cl’l’lclency usmk the.
\ external standa_‘rd ratio’ techuique .cplibrated. with an internal '“C-toluene

e
PR
AL

~, T standard. Carbon fixation was calculated, as: ..
, - | DI'*G
.. - - Sample activity X
- : , , biMc

L ]
.

. h'.here D]l"(.b) the dlssolved lnorgamc carbonﬁnesent (ca 24 mg C ! , Sandeman
and MacLa.gen unpub ]\and ‘DIMC is the dissolved inorganic radioisotope activity

+ in the sample. The carbon ﬁxatlon in the T'O“C component of the carbon pool

was determined by substituting the -appropridte TOMC values for\he sample

S actmty values in the above equatlon

-

—

Leakate of tracer from the bag during the course of the expenments was

corrected for by muluplymg the carbon fixatiod data by the ratio of the'initial -

: o . DIMC to the measured Dl“C‘I‘or that. sam[ile {ime.

Estimates or maximum

: carbon lncorporatfon (carbon\ pool size) were: determmed as the level at whlch

saturatlon of POC with labelled ecarbon was observed
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-'and Lorenzen (1084): e

regression, to the rupectlve curve using theleql}g.tlon described by Welsehmeyer

5
'

Le1s ( 2"“)

where L is the ratio of carbon label at tlme t to the maxlmum amount of carbon

'm the carbon pool, k is a rate constant, and ¢ is l.he time in photodays Tlle
“turnover time describes’ the time it takes for the entire pool to be replaced, at
- which pomt it would be 50% labelled (al'ter two turnovers the pool would be 76%
_lnbe'l-lgd after three 87. 5%, ...)..

AR

' _2.7_.4. PARTICULATES -

. ,-

LY

Levels of seston, mea.sured a5 partlculate carbon and nltrogen, were
determlned to est.lmnt.e the sm of ‘the cqmmumty carbqn pool and to pronde
estnm‘ntes oI' biomass in eaeh ol' the, enclosures over time. _

Partlculate capbon and nitrogen concentrations were measured usmg A
Perkm Elmer Model 240 elemental analyzer. Desiccated filters were wrapped in 3
cm square pleces of pre-ashed alummlum foil pnor to combustion lg thefanalyzer.
Both blank filters and acetanylide standards were processed while runmng

" samples to"insure that measureffients were accurat.e The coefficients of vanatlon

‘for Cand N standards were 0.1% and 074% respectively. Atomlc C:N ratios were.

* calculated for both blnom and non-bloom enclosures as an indicator of

phytoplankton condition. 1 , : L T
2.7.5. CHLOROPHYLL

Concénttations of ehloroprll a detérmined during bloom and non-bloom
periods’ and were used both as indicators of ~containment .effects and as’ an
estxmate of. t.he lmng portlon of the qeston, when' coupled with correspondmg
measurements ol’ POC. Chlorophyll a!concentrntlons were determmed on acetone

extracts- by ﬂuoromet.ry (Stnck]and and Parsqns 1072). The filters were ground

mnnuelly.with a teflon tlesue grmc!er in 10. ml-of 90%:acetone, capped and kept in.
! dark_.rel’rigeret.qr. for a minimum of 1,.'hr.'. The extract was filtered through
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Whatman #1 qualitative paper l’ilters and read on a 10-005R Turner Designs
Model 10 Fleld Fluorometer. The fluorometer was. calibfited” by comparing

a Bausch & Lomb spectronic 21UV spectrometer. Concentrations of chlorophyll

@ were calculated using the phaeophytin corrected equatlons described in

‘Strickland and Parsons (1972). S~ .
H

2.7.6. CELL CA'RB'ONI EST[MATES

: Potentlal carbon cell‘ eétimates were needed for comparison 'with the
labe!led carbon pool size estimates-based on track autoradlography The plasma
volume to cell car*boq-convemon ‘suggested by Strathman ‘(1967) was ‘used for
diatoms. Cell volﬂrrie was also deterrﬁined for phyloplankton eells to estimate
' tota.! phytoplankton biomass Plasma volumes were estimated by measurmg area

(pm] from “scale drawings of Lbe cells.’in questlon and assuming a plasma

thlckness of 3 um. A computerized digitizer was used‘to carefully measure plasma
Iarens from seale drawings.of cells with lrregular shapes. The potential carbon
|c0ntent of other types of cells were calculated from the carbon volume
. ‘relationship described by Strathman (1987) e
;’ ~ C: Cbl a ratios were momtored over lee as an indicator of containtnent
el'l'ects .and phytoplankton physiological -condition. The amount of phytoplankton
L carbon present in the seston was esig
. spubhshed C:Chl 4. ratios {Goldman

b s

ated from chlorophyll a data using

' ‘data by dmdmg the POC (pg C I''y by the correspondmg concentratioa of Chl a

}(ug Chla I'). - -
; .

2.7.7. STATIST_]CS AND GRAPHICS - ' -
§ ) .

‘ /The relatlonshlp bef.ween the MC actmty m preserved and non-pm;erved

l 'POC _samples collect.ed on filters was examined usmg the least squares reg;ressmn
lmet.hod as described in Soknl and Rohlf (1968). The stand_ard érror of track

W

. I
P E

fluorometer valuu with measures of patural marine phytoplankion pigmen(s using .

Hollibaugh and Booth 1081; Vallela-

I 1984). C:Lhl a ratios from my data wer calculated for comparison to the above_
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RESULTS .~ . S
. | 3.1. SESTON

Total. seston levels, measured as POC, remained stable over time ié both
\experimeﬁt.s,_with‘that in the bloom being approximateiy twice that in the non-
; bloom e'nclo_sure..‘ The mean POC (;;:)‘;Jcentr_ation in the bloom enél{mure was 3137 2 .
pg Tl as compared to 188 pg T1in the noﬁ;blbom encloéufe (Figure 313 data in P -'
Appendices A apd B). Agreement between duplicates wa.‘ poorer -for the non-
bloom data (Figure 3-1), as! mdweted by a lower coefficient of variation in the
_~bloom.enclosure (CV—- 11.9% in bloom and CV= 14. 0% in non-bloom), perhaps
due to the incidence of rare, very large partlcles (:.e..detrltus, diatom. colonies}.
The PON data were similar in botb experiments, with mean levels of 20 and 24 yg ; '
}'1 in the bloom and non-b}odm enclc—)iures respect‘ively {data A'ppendices A and
B):  Linear rf:gression of POC and PON with time showed .no significant
relatlonshlp in either the bloom or the non-bloom enclosures {POCG: p.__ 0 59 and
]?— 0.71; PON: p-D 11 and p= 0.78 respectwely) . ,
Ratlos of carbon to nitrogen (atomic C:N) are often used as a reflection of _°
: phytoplankton condition. . Redfield et al. (1963) suggested that healthy
: phytoplankton cells gr'owing in logarithmic growth phase in lahoratory 'cul[urgs
- should have a C:N ratio of a‘l:;proximately 7, with higher ratios generally
| ind}cating nitrogen deficiency. Atomic C:N . ratios were relatively ‘high in both
. » enclosures, 13.1% +1. 07 and 9.26 +0 58 for the bloom ‘and %on- bloom expenments
' -respéctively, mdlcatlng probable nutnent stress. ' i |
~ Chlorophyll a (Chl a), concentratlons recorded in the bloom enclosure were
approxlmately four times those observed:in the non-bloom experlment with meEh\ | ‘
. levels of ‘1,14 pg T and 0.27 ug i1 rapectlvely (Appendlx C). The ‘greater -

between experiment vnnatxon in Chl a concentration (Iour-fold] as compared to

.
.. el 1) . . . '
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‘ - POC CONCENTRATION OVER TIME FOR . .-
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. : POC concentration (two-fold) suggests that a larger portlon of the non-bloom

geston was made up of non-living or detrital matena! throscope observations of

settled‘ particulates on slgdes confirmed this. There was a statistically significant
‘increese in Chl a over time in the bloom enclosure (p= 0.003, Figure 3-2), while _
the non-bloom ievel remained stable over the 3 day incubation period (p= 0.98,
Figure 3-3) Linear regression of Chl g with time indicated an increase m Chl a of
019 ug I -1 24 b! in the bloom enclosure The absence Jr significant decrease in
| Chla concentrations over the full lneubatlon penods in both bloom and non-
bloom enclosures ean be used as evidence for lack of containment effects (Gelskes
et al. 1079). . - : R, / ‘
. The ratio of POC to Chl @ has. been used as an indicator of phyboplankton

'_htness and physrologleal condltlon Low C:Chl a ratios (40-60) are representative

of phytoplankton( cultures in Iogarlthmle growth - while nutrient deficient. ,

L R condmons lead to an lncrease in the ratio.to a maximum of approxlmately 150
' (Vsllela 1984). Stecle and Baird (1965) note that ratios above 150 are often
recorded in natural populations because detritus levels can be high enough. to
- influence the’ POC .estimate. Ratios of earbon to Chl a (C:Chl a) calculated for
bloom and non- bioom enclosures showed 8 decreasing trend in the bloom

-enclosure (p=10.09), wnt.bivalues_ ranging I'rohl 541 downward to 214 over time.

I

“This trend wds-expected as the average POC Ie?el did not appear to change while
the Chl a conce'ntration did significantly inerease. No significant relationship :
"with time (p= 0 .78) was notd in the.non-bloom expenment w1th‘values rang'lng
from 1605 to 331 (Flgure 3-4) over the course of the mm.lbatlons S
T The hlgh seston C;N and hlgh C:.Chl g ratios, and the presence of diatom
- ' restmg sp‘nres (see helow), suggest. that- the phyt.oplankton in both ekpenments
o were huttient stressed and thus hkely had cellular C:Chl a ‘ratios at the high end.
~ of tlie scale, Multlplymg the Chl ¢ concentrations observed by C:Chl o ra.tlos-
. ranging from 50 and 150 (m:mmum and maximum observed in cultures) should
yield- minimum and. maxu'num estimates of the proportlon of sestonic POC which
' was: lmng phytop!ankton ‘The peak estlmates of the hvmg portion of seeton on
the ﬁnal day of meubatlon, using & ratio of . 150, suggeet.ed that at ‘most. 65% of
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bloom POC and 22% of the non-bloom, POC was “eempow of living _
phytoplankton, while the minimum estimates, using & ratio of 50, were 22% and

% respectfully. Geiskes el al.. 1979 observed that 1ncrea’s.m in the C:Chl a ralios *
durmg the course of container mcubatlons indicated cell mortality that could be -+
interpreted as a deleterious contsinment sttifaét, The absence of sngmf!eent,
increases in C:Chl ¢ values over tlme in_the non-bloom enclosure (one tailed teat,

p= 0.39) aud the slp;mficant decrease in the bloom enclosure (one tailed test, p=

.005) can be interpreted as furtl:er evidence for. the lack ol' containment el’feets
N (Welsehmeyer and Lorenzen 1984). The decrease in bloom C:Chl o ratios over

" time does not necessanly mean that the systern is becomlng less stressed The .

increase inresting spore abundance over time suggests this is not the case.

. The bloom phytoplanklon seston was dominated by Chaeloceros app-, which
edmprised 18% of the algsl biomass, with nanoplatkiers such as ehlprophytee and
cry'ptomoneds also present.- Chaeloceros spp. f&sting-spo;‘es were peesent initially
and inéreased in abundance dunng the experiment. ngh water temperatures
(>8°C) and mt.rogen dehc:ency are bot.h known to initiate spore producnun .
(French and Hargraves 1080); the low water temperature (B"C) in‘the bloom
enclosure leaves hutrient limitation as tbe likely cause for spore production,
s‘%gesting that the experiment was conducted near -the- end of the spring blqu;

This suggestion was reinforced by low -nutrient concentrations measured mear th

_ site in Booné ‘Bay (mtrate 0.0 to 5.7 ug T unpubhshed data). The non-bloom

enclosure phytoplaukt.on community  wal composed of .chlorophyte and’
cryptomonad nanoplankters and lacked -the diatom species commonly- found in
bloom conditions, suggesting- that an exten;ed penod of putrient llmltgtlon had

precedéd the experiment. R . *

" 3.2. PRIMARY PRODUCTION

The magnitude of radiolc‘arbon incorporntion was similar for the initial day
of mcubatlon in both the hloom #nd son-blodm experiments, Labelled pa.rtlcule.te
carbon- contmued to accumulate in the bloom enclosure at sn incressing rate over,

the three day incubation as shown by continual mcrgues_.in net dmly.'
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Tab§e 311 Accumulstions and losses of labelled particulate carbon (ug
1! &) during bloom and non-bl incubations.
s , ‘ . . ok
L
- 4 .
1 - NETDAYMME  LOSSATNIGHT -~ NET DALY
'ACCUMULATION - ACCUMULATION
. . " (dawn tg dusk) - (dusk todawn} {dusk to dusk)
Bloom expetiment * Lo v . -
DAY 1 . 4634 © 1381 16.34"
Y DAY 2 08.14 " 1040 84.63
) DAY3 126.24 106.84
R ) ’ .
Non-bloom experiment e
DAY1 4047 1503 i047*
' DAY 2 - 2637 2485 1134
—_— " . & . o .
..« DAY3 33.53 16.38 8.68
..r; b '1 .
: * Dusk at day O assumed to be zero. . .
- - ) o Y )
’. \;
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v
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accumulations {dusk to duek) over the 3 day incub_otion (Table 3-1). The rate of
'label accumulation in the non-bloom enclosure wss obseived to decrease over the
. 8 day experiment as shown by the decreasing net daily eccumuletlons (dusk to
“dusk) of radrotracer (Table 3-1). There wes a final accumulation of 238 ug I'1 of
labelled partlcu!ate carbon in the blooam enclosure as compared to only 6} ug I!
by the end of the nob-bloom: uperunent The labelled materrnl present after 3
deys constrt.uted ,76% and 82% of the total Sestonic carbon (see POC .
measurements above) in the bléom and non-bloom enclosures respectrvely These
perceﬁges can be. compared to the maximum percentage of phytoplonlfton
carbon estlmates of 65% and 22% calculated -above from Chl a levels. o

“In, the bloom enc!osure,_gﬁ og C I was secunulated by the end of day™i,
31 by day 2 and ‘238 by the .end of day 3. The last two days of incubation
fle‘monstrated i mean: nel daytime aceumulation (dawn to dusk) of about 112 pg -
C I'L .4, over twice that observed on the-first day (Tshle 3-1). The sky was .
cloudless on day 1, followed by two days of eloud cover, suggesting that lower

R

carbon uptake on the first day. might be due to photomh:brt.ron The ‘enclosure
was less tha.n l m below the water surface and so woulid not have been shaded by
!other particulates in the water column. In contrast, net daytime radiocarbon
:occumulation was 40.5¢ ' on the first day.in the non-bloom enclosure ang
ldecreased on the second and third days (Table 3-1). The enclosure was again
' Imoor-ecl less than- 1 m below the sea surface; however, sky conditions were

1umforrnly sunny for the entire- incubation period. -

\! The net: daytrme accurnulations. of 98 ad 126 ug ¢l h! on day 2 and 3 in.

- (the bloom enclosure, are greater thifn. the maximum values recorded for the hrghly
. ’proquctwe Grand Banks (ca. 82 ug q ‘' 41, Hollibaugh and Booth 1981, Table
. 3-2) Production estimates from day 1 in both bloorn and non-bloom experimeants
(46 and 40 ng C ol fit into the ‘ra'nge of estimates recorded for the-Grand
sBanks area (Table 3-2), o | . o :
i The net deyt.lme accumu]atroﬁs of carbon during doy 1 m t.he bloom and
non-bloom encloeurcs (ca. 3.3 and 2.9 pg cr! h' respectwely] agree I'elrly well
_‘w:th pru@,a.ry productlou estimates of 3.0 to 56 g T 0L 'mode in Norway by_ _

i,“l.
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y : Tabla 3-2: Primary produchon estimates l'or varions reg‘lons ol‘ the
P o Grand Banks in ag C l'l ¢ Ealculsted from °0-50 m
Y ' integrated production estimates (mg C m_2 d l) found in
‘ Hollibaugh and Bodth (1981) where o= the number of
- ' . estimnates made'and minimum snd marimum deseribe the

range of these estimates.
>

La

g % /
%3 l - ) 4
Region © D R Mean Range
] . ¥ -
’ _ . - )
s 8 T - . . .
iNorthera Grand Banks 18. . 6.68 0.82 - 20.34
Near shore . oon ot . 1598 | 1.68-73.70
Cc&ltral Grand Banks C. 20 C .84 © 0.82-53.8¢
o ‘ Shelf break region . T , 113 0.96-81.80
L ’ “. -/"'j o . ‘ o
'. " . ) . . \ - .r' '
. \ i
L9 ’
y Sty ~>
- N
, o N .
+ v /' ! ' ™
T ' N n]
H ) % o R - Jl .
l’}.\_,: . . * L]
S e
g‘i\; oo = y ! ‘ i *
" 'LSL F‘ L ¥ ERSEEYY - AL L) o " s s i 1 1 o o 1 ’



37 co :-:flf

Sargent ef al. (1985) under similst conditions (d.e. large in sifu enclosures, low
remperature, natural phytoplankton populstions, and ld,\\v Chl @ concentrations).
Bloom production estimates on days 2 and 3 (7.0 and 9.0 g C T b)) were more
tli‘an twiee that obser\red on the first day of incubation, while the fater estimates e
in the non- bloom encluure (1.9 and 2.4 »g C riy! respectively) were similar to
those on the initis! day of incubation. \ .. -
There ‘were decreases in labelled POC dunng the "dark penods in both
experiments. The diatom-dominated bloom enclosure lofl an aversge of 24% of
the net daytlme accumulation of rnd]otraeer overnrght while 63 o was lost
overnight in the- nanopldkton—dommated (chlorophytes and cryptomonads) non- -
bloom enclosure (Table 31). Loss of POC may represent respiration of organic
matter into DIC or production of dlssolved organic carbon (DOC) through either - ‘
leakage secretion or cell dsmage due.to grazing. The production of, DOC ¢canbe = -
examined by comparing the level of TOC produced with that of the POC
products. Such comparisons -have not routinely been done in oceanic -studies;
however, Pissierssens ef al. {1985) bave recently argued for their importance. The
fact' that the"FOMC values co‘}responded very closely to those for POMC in the
current experiments (Flgures 3-5 and 3-6) indicates that overmglrl deereases in

PO“C actmty were likely due to respiration and not ‘he' production of DOC.

@There appears to have been some production of DOC durm‘g the last daylight

period in the bloom enclosure. and the last night time period in the non-bloom

~ enclosyge. Overall, however, DOC productlon must have been low or else any

DOC produced must have been rafldly converted into POC by microbial activity. . -Y

- The net daily accumulation of radiotrar?er in the bicom POC increased in

rnagmt.ude each day over the 3 day incubstion while the non-bloom net daily

accumulatlon decreased over time (Table 3-1) suggesling the system was
saturating with radlotracer, i.e. the flux of Jabel into the POC pool approeched
the4lux out (net, da:ly aceum’“r tion ap proached 0) The ca!culanon of the flux of. ..

carbon into the POC pool t.hen becornes more compllcated because the observed .

*Mux must be corrected for the seconda_.r! and back reaction fluxes, .

» . ' . A . . ' ‘-..
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3.2.1. SATURATION EFFECTS

It is usually assumed in CW production experimJnts éh.at the specific

“"The sccumulation of PO“C in the bloom enclosure was pproacﬁing the total

" gestonic POC level while the et daily accumulatlon appro ched zero in the non- - .

) -ﬂu.x of radiotracer into the pool A corrected estimate ol‘ carbon flux can siill be . ..

~ balf-labelled: Welschmeyer and Lorenzen 1984). This is best illustrated if only the

bloom enclosure, suggesting that both experlments mlght be aburatang . e

f'.

large proportion of the POC pool is ]abelled dunng the experiment, then

the amont “of isotope accumnulated in the pool ma.y be an yndérestimate of the
-

true flux.rate beéause ba.ck reactions are of a-sufficient. maghlt.ude to mask the

made if sat.urehon kmetles are {aken nlfb account. }

In. order to decide whether or not the carbon uptake data should be

interpreted using a saturation model (see methods, p. 20) it is necessary to

determine if saturation has taken -place. The pattern of l"C} hbellmg ~ean be
%ompared to that predicted from saturation kinetics based on t.he observed pool
size and turnover times {i.e. the time it takes the active carbon pool to Wrome

peak measurements of daily cjrbon fixation are used in the equa 1on so that the
diurnal fluctuatiths of carbon that often occur are left out (Rivkin 1985)

If the specific aetnnty of the product pool (the ratio or accumulated
‘radlotracerf t8°the maxlmum size of the product pool) is plotted alnst time, and
saturstion is occuring, then the ratlo determined from experimental values will
lie along the eatm:atlon curve (Wel.schmeyer and Lorenzen 1084)] The gaturation
curve providess very good fit to the observed pattern of PO“ accumui‘ation in
the - nOn-bloom experiment (Flgure 37). The poor fit of the points to the
saturation cum suggests that hack reecttons were not yet a problem in the bloom

enclosure (Figure 3-8) despite the l"a%t_ thet the Polfg accumulation in- the bloom
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expenrnent approached the magmtude of the tots] sestonic POC pool by the third
day. Thls could be explained if the living POG pool was expanding in size. The_
measnrable increase in Chi a coneentratxon over tune in the bloolﬂ enclosure
stronEIy suggwt.s that there was an expans:on of the phyloplankton portlon of the
POC podl even thoﬁgh the total amount of seaton POC did not significantly
. change. Overall, the results mdlcate that it is appropriate to correct the flux
mesaSurements for the non—bloom enclosurj and not I'or the bleom enclosnre

A corrected. flux ean be calculated for a tlme penod prior to complete

' sa.t.ura.t:on using. an equatxon s:mllar to that used by Conover and Francxs (1973)

'.{

l'or the correct.:on of lsot0pe ﬂuxes bel.ween troplnc levels

Al

A | K ,/ . observed ﬂu:: -
: Corrected flux = observed ﬂu.'r X
. _ _ . tqtal pool size

L

LY

-

where tbe.c‘orrect'ed flux is the total carbon incorporation up to time x, the

" observed I'lux is the amount of carbon accumuia'tion observed at time x, and the

“total pool size is estlmat.ed as.jhe e\rel of POMC observed at saturation' {the
metabohcally active carbon pool snze) .

. The corrected daytime flux ee_lculat'ed'l‘orlday 1 in the non-bloom en_ol[sure
is 120 ug C ! g! (ca. 8.6 pg C 1! 'I), similar to the maximum rate of 126 ug C
I'1 dl observed in the ‘bloom enclosure, where Chl a levels were t.ynce as high
(Table 3-1)- Thus the two experiments-differed little in gross prlmary productlon
- while merked_!y differing in the dl_sposmon of that production. . L .

3.3. SPECIES SPECIFIC CARBON FLOW -

L}

. 3.3.1. CELL A.BUNDANCE AND. DMSION

-

Changee in cell abundance over time can be. used to eetlrnnte net populatlon

growth rates and can also serve as a parameter in tbe caleulation of speclfic

- earbon contributions to the POC over tlrne -\"

Overall cell abundances, u:lcludmg both mncro and nanoplnnkton, were 3

obaerved to lncrea.se thrdughouyt the mcubatlon in the bloom enclosure (Table 3-3)
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while total celi abundanée in the non-bloom enclosure inereased only on day 3 °
(Table 3-4). _ ‘ S
_A 82% increase in abundance was observed in the bloom microplankton
(diatoms, largely Q'haett;ceros spp.) during the second day of ‘incubation while Ec‘.
80% increase occurred u; the nqnoplp.nk.ton component (Table 3-3), due chiefly to.
chlorophyte increase on the third day. In comparison, the chlorophytes increased
" by 33% on the third day of -the goncbloom experiment (Table 3:4), while

n

cryptomonads reniained at low levels throughout in both enclosures,
e Lo IR ""‘ , ' '
8.8.2. -CELLULAR CARBON FLOW - S \ .
e - . The use of 14C track - autoradlography allowed the estlmatlon of carbon_
'content and carbon uptake rates for mdmdual taxa. Culture work suggqsts that
_r_apl_dly_ growing algal cells are between 1_0% and 15% carbon on & }venght
volume (u-r/v) basis (Mullin et al, lOBS;"Heaiey 1975). liatios in non-growing cells
may cither be‘bigher, as French and Harg-r#vea (1980} have sbown.in the case.of
some dlatom rmtlng spores, or perhaps lower, as proposed by Ca.pernh and Meyer
(197 2) for cells intolerent-to nutrient stress. 5
- ¥ The mean proportion of the cblorophyte and cryptomonad cellular biomass
{w/v) labelled by the end of the bloom incubation was approximately lﬁ.3%, less
than expected for cells in logarithmic growth (Cushing ef al. lﬂﬁéb 12%; Mullin -
- et al. 1966, 15%) ‘while only 4.1% wvolume was labelled earbog in the non-
bloom enclosure. - . '
S The nnnop!anktoh chlo;dph}tes and cryptomonads nccumulate'::\l much: less
. carbon-on a weight : valume basis in the non-bloom enclosure compared to the
' bloom enclosure. Chlorophytes in the bloom enclosure a.chleved 3.7% (w/v)
carbon on the first day and then continued to accumulate more label each’ day,
Ieachlng a level of 7. 8% (w/¥) by the end of the expenment (Figure 3-9) Similar
. taxa in- the.-non-bloom enclosure reached 4.4% on the {irst day, not significantly
different. from the bl@m_mdusure, But then l'mled to reach higher levels
L\ throughout the remafnder of the experiment (Flgure -3-9). The carbon contents of |

. { _the cryptomonads also wére not slgmficantly different betweén enelasure: at the

b Y
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Table 3-3: Cell abundance (cel]s mi?) for various taxa over time for -
bloom enclosure with standard errors for estimates cnlculated
! assuming a Poisson dnstrubutlon.
-»
| _
, i . . i ‘ -
| TAXONOMIC ~ | DAY 1 DAY, 2 DAY 3
o 1 GROUP (163 by Ra181) (658 b)
. A . ! ’ 'R
e , X N VEGETATIVE CELLS .
- DIATOMS '
Az "l .e - i " ‘ . LN K‘\ .
‘:f‘ N Cimetoceroa app. :-’ . 864 51 — 1307 +63 1300 +63
. Nitzschia seriata 743 44 944
i : . ' ’ ?
f ’ - '
Thallaasiosira epp. 15 +7 , 30 +10 24+8
. © " NANOPLANKTON ) . -
~ chlorophyta 982 +58 997 455 1587 +70
~ Rl - -
—&yptophyta . 43 +11 . 21 + 8§ Aty
L " . ) RESTING SPRRES—r -
C.idisdema . 1545 A48 13 + 6 ,
' C.spp. 35 +12 124 £19 195424 — -
. - o - .
,GrltAND TOTAL 1981 '+147 2511 +167 3178 +186 .-
a " 4
. ' Flme elapsed since begmmng of expenment '
. ';
. i B}
|‘ ,
-
< i 1
1 .‘ l-a !
L;:L b - - ’ ! '__I -"“."."‘:. R ' ' \... 2%




A . i 50 '
e o ~ Table 3-4: Cell sbundance (cells ml"’) for vanou.s’tm:n over time for :
: non-bloom enclosure with accompanying standard errors for
) . counts ¢aleulated assuming Poisson dlstrlbutlon.
. o
-‘ 'I‘:. ’ . L] -
L ]
B f -
TAXONOMIC = - DM’ 1 . Davz " DAY3
GROUP (o) L_,/ﬁs.o B . (6601
“* " chlorophyta s 477 1888, +68 - 2553 +88
" eryptophyta . 48’ 20_-1'-._8 , . 26+9 ,
. -~ - .
GRAND TOTAL . . - 1979 485 C . 1909 +78 . 2579 +97- L
. . . ﬂ
- *
* Time elapsed since beginning of experiment : . - T
’ L
“ L
> ' . ) "
' | . . b Y
- ' .
8 ' 1 —
’-
~ T : ' - )
-f"-‘ - Ll
-—: N 3 " . ) ’ * ! ] .
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/” . bulk_of which was assumed tobe C. diadema due io cell size) was labelled by the’

oy . .

end of the first day (Figure 3-10], with levels of 46% and 4.5% carbon
respectively, but levels-again remained static fu the non-bloom enclosure whereas
‘the bloom cryptomonads reached 12. 9% The data thus indicate that the non-

bloom cells were turning over’ smaler carbon pools, and given that, similar

absolute amounts of carbon were taken up the first day in both expenments the

ssmaller pools were therel’ore turning over more rapidly. It cannpt be determl_ned
if the total cellular carbon pool is actually smaller.during non-bloom conditions or
“'if perhaps oﬁly part of the pool is being labejled [vmetabolically active). If the
Intter is the case, it would imply that Mlls were nof actually dmdmg but

msl.ead just replacing a portlon)ol’ their carbon each day

The diatom Chaeloceros’ spp. was found only in the bloom enclosure and

aceumulated carbon amounting to 10.4% of it’s cell biomass (Figure 3-11). This

. X , . :
track autorﬁdiggraphy-»bssed estimate of cell carbon agreed very well with an

‘ -_mdependent estimate of approximately 13.2% I'or the. -genus Chaeloceras grown in

culture (Strathman 196‘?) - -
Approxlmately 11% of tlte vegetative Chaetoceros spp. cell biomass (the

end\ oI' the 3 day bloom incubation (Flgure 3-11), compared to 48% flor C.
dmd’ema restgng spores (Table 3-3). - French and Hargraves (1980}, workmg w1th
laboatory cultures, observed that restlhg spores of the genus C. diadema had up
to 4.4 times that cellular carbon eontent when compared to the vegetative cells of

the same species] in tbe current stud,y there was a 4.3 fold difference between

large vegetative C. spp. (probably C. disdema) and the resting spores of C.

di’ademq tT-able 3-5}. The carbon content of other C. spp. resting spores was
difficult to' compare as fewer corresponding vegetative cells were present in the

samples. .

The mcorporatlon of new carbon by N. seriala. was monitored in more

detail than that of Chaefoceros 8pp. due to ease of counllng and ldentlflcallnn
Generally, cellular radlocarbon mcreased durmg the daylight hours but irregular

fhictuations in cell radiocarhon content -were observed and there was alsc an

‘increase in cell carbon Wuring the second night (Figure 3-12); fuctuations have _
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also been reported on the population levei for monocultures of other matine
phytoplankters (Barlow 19843,~Rivkin 1685) N. seriala eel!s accumulated 100
pPg C by the end of day 1 and did .not inerease again until day 3 (Appendix D) P
Sharp drops in carbon content per cell were observed twice during the mcubatwn '
{Figure 3-12), once in early evening (st "24 b) and once in mid day (at 30 h).
_ Declines in cell carbon could be due to loss of label through rtespiration, excretion
and sé;-etion or to a reduction in cell velume re‘uﬁlting from cell division. Cell
abundance estimates indicate s synchronous cell division occurred prior to the 30
h sampling point corresponding to the observed 50% decreasein C cell”* from 6.9,
PE to.3.4 pg (l""igure 3-12). The sharp drop in cell carbon hetween 23h and 31 h - _
(Figlre 3-12) was not accompanied by a measurable increase in abunda.nce and .
. thusmust repr&sent cither very rapldmpnration, sccretion; excretion. processqs or 'I
a shlrtm susceptnblhty of the label toloss on preservatlon (see below] T
Ra.dwcarbon per cell was obsetved to increase unexpectedly during the
second might (;f incubation. There is no known path\;ay for major - carbon -
incorporation at night in distoms. [ is _po_séible that photosynthate was alreaﬂy -
present in the cell at dusk but in -a form that was more suscéptible to leach"ing by
the preservatf\;e. Guhel et al. {1984) have shown thet carbon accumulated in the
- ¢ell during daytime in the form of storage products ‘such a3 lipids or
carbohydrates ¢an be used to produce protems during the nigbt; proteins should
be less susceptible to loss on pr&servatlon as the fixatives generally bind to them
(Silver and Davoll _1978'_)_. In the curren;. study, a decreasg in loss on preseryation
during the night was in fact observed {see section 33.3 below). NN serdatla had.
accumulated 24.4 pg of ' labelled"carbon by‘the end of the inct;);ion, amounting

to 13 89 of its cell biomass, a percentage similar to that fecorded l'or other

- diatoms (13.8% for Chaceloceroa, Strathman 1967). The ahlllty to measure _

cellu]ar carbon pool sizes accurately dunng celluiar cycles such as the synchronous
cell division, shown in Figure 3-12, identifies the use of track autgrndlography as’
an important method for the investigation of carbon flow st the cellular level in

#

natural pﬂytoplanktan assemblages. t
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3.3.8. SPECIFIC CARBON CONTRIBUTIONS

The autoradibgraphie analysis of p'articul_ate matter eet_(led onto microscope

" glides permité radioactivity to be attributed to specific sources. The specific

carbon contributions to the PONC pool can be calculated from cell abundances
{cells ml l} and ( corresponding track autorad:ographic estimates of radiocarbon per .
cell. The product ‘of these components can be compared dlret)tly to the PO4C
sfler correction for radiotracer loss on preservation. Silver and Davoll (1978)

noted losses of filter-retainable. activity following jodine preservation and vatiation

— e

1 the Joss with respect to the phytqplankton populatlon -belng studied. Lug8ls-.
@
preserved samplw were used 111 ‘the preparat.lon of track autoradiography slides; ~,

i -. th?fore, preserved samples were filtered for comparlson wlth l'resh ’unpreserved

fille : : -
Mee;uremepts of PO“C on'filters from preserved samplee were lower than

. examined by linear regression. The regression slopes ‘were 0.36 and 0.61 l'or t.he

bloom and non- bloom expenments respectively (Flgures 3-13 and Flgure 3—14)

| mdlca.t.mg, that preserratmn losses were higher i in the bloom enclosure,(64%) than .

in the non-bloom experimept. (39%, see Appendix E for dsta). Despite the high
correlatlons (-r =0. 95 and 2= 0.01), tbere were obvious diurnal patterne in the

ratlo of preserved unpreserved filter actnrlt.y There wasa ra.pld increase in:the

* 1atio, mdlcat.mg reduced susceptibility to Ioss during the first day of incubation in
.both experiments _LElgure 315 and Flgure 3-18)." After the first daylight period,,.

}here were usually increases in the ratio durinp each mght followed by. declines

durlng the day Thts observatlon is consistent with the pattern of daytime.

accurnulstion of storage producls followed by mght,__l.upe\ponversmn ta prot.ems ‘

" observed by Barlow (1984b) and Guhel et al (1984)

Specific phytoplenkton carbon__contnbutlons were determined by

mult.lp!ylng ‘cell shundance of a taxon with the corresponding mezn cellular {track

autoradiography-bnsed')"redlocarbon "estimate. Identifiable soure&e of labelled
. “catbon ranged from 57 to: 86% (mean= 72%) of the PPOMC in the bloom

_ enclosure [Ta.ble .3-8), with no consistent pattern over the 3day incubation, whé\le

A, . B - . X
Lib, - . ' Rl - [ . '

¥

" the corresponding unpreserved valua._ The proport.lonete drop in. actmty wa.s o
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identifishle sources declined from 30% o 20% (menn::*a&%) in the non-bloom
experiment (Table 3-7).

Total nanoplankton (ch!orophytes plus eryptomonads) carbon levels were
slmllar in the twg.expenment.s B _iountlng for 86 g C I at the end of the bloom
expenmeut and 5.7 ug C r! at the end of the pos-bloomincubation. The bulk of
the patticulate activity in the bloom expenment was sitributable to diatoms,
increasing from 45% at the end o'[ the first day lo 71% at termination, while the
portion of the particulate activity in the non-bloorn expetiment which could be
attributed to’ identifiable sources declined from 30% at the end of day ‘l to 20%
at termination. _ T .

The uni‘d'entifiable particulate radioactivity wab“indeed preéent on tlie
sutoradiograpby slid‘es, évidenced by agréement between total track counts pgr
unit area of slide (and consequently per unit volume of water) and filtor-retaijned

preserved PO“C estimates. For example, non-h!oom enclosure falter estimates for

- 21 and 45 h were 17.1 and 22:6 g C 1l wtule he track per ~field data generated

estnmates of 153and 239;:5‘ ol respectwely differences of 11% and +5%. .
-1t is” thus tlear that .the bulk of the Iabelled carbon 1n the non-bloom
enclosure was associated ent.her w1t.h lwmg cells too small ‘to see with the light

mlcroscc-pe, such as ba rim, os with non-hv;ng detrital or colloidal )mtenal It

" bas been observed in frésbwater tha.t. high molecular welght exiracellular colloids
. can con;tltute as mqkh as 60% ol the particulate’ radloa.cl.mgy retained on
' membrane filters (Schmdler et al. 1972).

< . B ’
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autoradiography and cell abundance data.

s

bl

. . © 'Table3-8: Contributions of carbon (sg C I'*) by various taxa to bloom
' : 1 over time as estimated from 1'_‘0 track

S .. .+ BLOOMENCLOSURE
Lot A a T | ! ”
7 TAXONOMIC DAY 1" DAY 2 DAY 3
.  GROUP (16.8 b) (418 b) (65.8 h)
T VEGETATIVE CELLS
s DIATOMS ' :
- Chaeloceros spp. . 412 | 11.11 35.47
- . \ _h , . ‘ ‘ R
PER Nitsschia seriata 0.02 0.06 C 0.2

¥ R e £
Thallassioaira app. ’ 010 v . 072
Teen NANOPLANKTON -

' chlorophyta ) 1.65 3.44

" cryptophytes - 07 . 02

170 -

132

1.2¢

RESTING SPORES -

N C.disdems = | _

> S . et - 082
.. Cispp. ‘ . - F
S : 0.11 P 0.66
» - . ) u'

r

1.18

235 .

« PHYTOPLANKTON
CARBON TOTAL

SER . "+ w853
"- o o r ' '

17.064

2069

40.57

ST . PRESERVEDPoMc - . aa7 57.87
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Tnble 87 Contnbuhons of carbon (yg C l"l) by various t.an to_non-
.. bloom-POC pool over ;timé as estimated from "Q track -
‘ Lo autora.diognphy and cell abundance data. '
‘ .# " - 1 R i
. ' ¢ - A P s
< - NON-BLOOM ENCLOSURE:
« TAXONOMIC DAY1 . DAY 2 DAY 3
GROUP (210 h) "o(4s0h) {(66.0 h)
- . r
chlorophyta 5.05 . 534 T 540 : ’

. : ; ‘ - ' : -
ceyptophyta * 010 ] _ 0.15 *0.24 + *
PHYTOPLANKTON . - : .

CARBON TOTAL 15 5.49 £.73
PRESERVED Po'‘C 17.11 © 2263 826 .~
, PHYTOPL&NKTON TO . 030 0.2 020
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DISCUSSION

Largé in siluenclosure experilnent.s Eave been shown to. be a very usel‘ul

. - way to study natural phytoplmkton communities for extended periods of time

while mlﬁlmmng containment effects (Jahoké et al.. 1983 Kattoer et al. 1983;
Kulper el, al, 1983; Aksnes el al; 1985 Reynolds et al. 1985),.. The relative

il | stablllty of concentrations of chlorophyll a, POC, PON;, and’ ratios of C:N and

- “extrapolating information obtdined from artificial environments in laboratory -

- C.Chlorophyll a over the course of the experiments 1ndlcated that’ containment

_ effects were negligible-in ithe present study. The use of enclosures as balanced

ecosystems ,al{ows measurements of - energy [flows in ity rather than ‘by

| _stud‘ies.’ Accurate measureménts of primary production and energy flow during

. bloom and non-bloom conditions are méntlal for the lmplementatlon of

~ tropbodynamic models to estlmate potentlal l'isher)' productlon in coasta.l

Newl’oundland waters

4.1. sﬁ:sION R . * _

"

The mean concentrations recorded for POC in bloom and non-bloom

enclosures were repraentative of levels recorded for coastal waters with similar -
corresponding levpls ol' chlorophyll a (Ta.kahaaha el al. 1978; Hollibaugh énd
Booth 1981; Eilertsen and Taasen 1984) Increases in bloom enclosure chlorophyll
a concentration over the time course ol' the experiment, coupled with stable POC .
, meuurements suggest that i :neren.smg amounts of carbon were belng shunted into
A phytoplankton biomass. .

Carbon to chlorophyll a ratios, and’ concentrntmn or adenosine triphosphate

(ATP) have been used to estimate phytoplankton hiomess (Steele and Baird 1985;

Marra ef of, 1081; Valiela t084). My Cu a-based caeulations indicate that 559%

‘<
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of the bloom and 22% of the non-bloom seston was composed of. l.ivin;
phytoplankton earbon, similar to le\'els reported for Hawalian coastal waters

. (Laws et al. 1984). This is probnbl].r an undereetunnte of the live carbon as both_.

Steele and Baird (1965) and Banse (197 4) suggest that elevated levels of detrital

estimates jnclude other living carbon - sources sueh ‘as beetem. in edd:tn*'to
phytoplankton. '

-material in samples dejtfhe a.ccura.cy of this method of predlctlon, as the

4.2, COMMUNITY PRIMARY PRODUCTION
4.2.1. EFFECTS OF INCUBATION DURATION

_ Standard 4G incubations of up to 24 b dufation do not appear to be
sufficient to measure primary production accurately during both bloom and non-

bloom periods. An examination of the net carbon [ixation per hour for various

intervals throughout the first day of the experiments (TaBIe 4-1) reveals that it

would “be difficult.to preselect a short incubation period that would accurately

reflect the daily rates. Rates varied an order of. magnitude between 2-hour
#iervals within each experiment a’nd,vnried 2-3 fold even with :l-hour and 6-hour

intervals. Thus it seems that full day incubations are :!ecessary to ihtegrate the

unpredictable diurnal variastions. ~The ana!yeis of the non-bloom experimenf..
clearly demonstrates that full day estimates can st:ll bei in eonsnderable error when -

the phytoplankton carbon,,pools are saturating to a measurable degree In this

case, the corrected productlbn ‘estimate. of 120 zg C ! was three ti es the

‘upcorrect ‘estimate. . The daily accumulatlon of label in the non-bloom -

experiment can,be interpreted as the net dml}r primary production, while the

corrected estnmLte represents the gross daily primary. produet:on Tbe difference

between these two. values is largely due to respiration {see below), _Reeogmt:on of .

that the pool size and turnover ti e can be determ ned. lncuhatlons r than

saturation effects i-equire.s than eriments be run for a period of several days so .

ohe day wlll most ltkely mclude measurable ﬂuxee ol' 1nbel by commubity

-__prOduE:tion and respiration at the community o

components fugther up the food chain, and so,it becomnes necessary to"discuss
4iomaes level.’

—_—
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: Tsable 4-1: Pﬂn_n.ry production _utimites'calcultted for various intervals
i duting-day one in bloom and non-blodm enclosutes,
- - . . A Y
] . | : PRIMARY PRODUCTION -

_BLOOM ENCLOSURE NON-BLOOM ENCLOSURE
. ') i "

= " INCUBATION
DURATION
“Ffwo0 HOUR

PRODUCTION
pg € ip!

— FRODUGTION -

pg ¢yl _

.

, 0530-0730 -
© . 0730-0000
_ © 0900-1130
3 A 1130-1330

0.55
2.85
1.06
4.46

.

. . ~ 0 1330-1530 9.92 —_ o
’ , , 1530-1730 . : 2,32 5.15
Lt - 1730-1930 1.73 5.04
. . i
| ' FOUR HOUR i
) N , ~ - .
. , 0530-0930 1.52
- ‘ 0030-1330 - 296
1330-1730 6.11
- " SIXHOUR .
- ~0530-1130 188 T 148
PO 1130-1730 5.21 311
o A S -
EA3 ' FOURTEEN HOUR - v

= 530-1930

Sy

* NO NET ACCUMULATION OF CARBON

3.31 ]
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: Short-term incubatiens (< 1 d) do not allow the researcher to odequltoly
assess whether or not cosrections for isotope saturation should be applied or even

if such saturation has taken place, Estimates of primery production made in the

abseoce of such information will tend to underestimate actual production. This
. may account for, the inability of Mills and Fourmer (1979] to' explain observed
benthlc and pelhg'lc fish production™ through the npphcatnon of trophodynamlc

models in the Scotian Shelf region .using conventional “C product.:on data

. Corrected pnmary productlonﬁu{eo for bloom snd non-bloom enclosures were©

apprommately 100 pg C T @1, exce ding the maXimum value of 82 pg ci! d’l
recorded for the highly productive shelf-break - . region of the Grand Banks

(Holllbaugh and Booth 1981) using conventional tracer techmques and slppboard. ]

incubations. . The low biomass, non-bloom community mainltained a8 rate of-

primary production equal to, thatl of the bloom assemblage Which had a-much
higher phytoplankton biomass.. v ' -

.4'._2;2.'CHL0_ROPHYLL-SPECE‘IC RATES OF PRODUCTION'

. Although absolute prlmary productmn estlmat.es Were snmllar in both

expenmﬁhey dll‘l‘ered marke’dly Svhen exprmed in terms of rate per uml. Chl

. a (ug C g Chl &’ bpl). 'Primary productlon during the diatom bloom ranged

0.1 to 98 mg C mg Chl o' 1. Jahnke et al. (1083) and Reynolds et al, (1986)

recorded rates of 5.7 ‘and, 5.8 g C Bg Chl o"1 h"l respecl.wely for dmtom'

dominated phytoplankton commumtles in marine \and freshwater systems. Laws
el al. (1984) found production estimates as bigh as 15.5 pg C yg Chl a’! b*! in

near- shore. Hawailan communities with  54-56% na.noplnnkton' biomass, snd -

from 5-10 ng C ug Chl a’! b! while non-bloom values were-as high as 25 pg C ug -
Chl.a! hl- Platt-and Subba -Rao_(1975) and Parsons.el al. {1977) hav_'e_

summarized literatura Chl a specific primary production estimates ranging from -

Aksnes el al, (1985) recorded rates.as high as 25.1 ug G pg Chl a~ h in Norway, _

although the commﬂhlty composition was not clear. Holhbaugh and Booth (1981]

mdlcated that aﬁelﬁc pnmary produetlon eatimates ranged from 1.5 to 12.0 g C .

ug Chl o" bl in the Grand Banks ares in-1980, the hlghost. bemg measured in

. ’ . -. ] - . . ' . -‘
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August nnd the lowest in November, The higher photosynthetlc efficiency of the
non-bloom commumty in* the current atndy may be pnttla.lly due to its being in

better condltxon in that its C: N ra.tlo of 9.2:1 wns closer to thnt typical for healthy _

-~ phyloplankion (6.6:1, Redfield ef al; 1983; nnd 1 7.1, Hen.ley 1075) than was tbe:
- f

ratio ol' the h!oom commumty (13. l l]

3
4'.2.3. COMMUNITY-RESPIRATIO’N .

—

‘nghtly loss of l“C was observed in both bloom .and non-bloom enc!osurm

L L S T T O T A R

(Flgures 36 and 3 The close corrwpondence between particulate and total '

.+ . organie rndlocarbon concentrations indicates thnt the Joss was "dide 1o community

" _ resplratlon rnthe'r than to dissolved organic’ carhon productlon An estimate of

the respiration rate can be generated for the non-bloom enclosure by suhtrnctnng -

" the observed daytime radiocarbon- accumulation . (et productlon) from the

_turnover-corrected (gross primary production) value of 120 ag C rt yieldin'g &

difference of 79.5 pg C l“l, equwalent to respiration rate of 5.7 ug C i1 pl during

the 14 hour dnyhght perlod A second estimate can be gepernted from the rapid

declme in particulate radlocarbon during tbe first. snmphng interval after dusk on

: day 1. , This yields & community resplra.tlon rate of 4 B pg C l'1 b, “Either of

' t e total net production of the previous " day whlcb is' consistent wnth the

servation . of stable Chl a and POC concentratlons The slower rate of

that the resp:rat:on rate ' had dechned or, a.lternately, that .an lncrensmg '

proportlon of unlabelled substrate was being: consuined (or both) Rivkin (1985)
also suggests that the mnjorlty of the loss at mght is due to resplratxon with only

_: about 10% being due to cell leakage. Resplrntxon would be expected to he greater '
during the non-bloom experlment hoth due to highet temperature (14.5 °C vs. 6

"©C) and due to the dominance of phytoﬂngellates as eompnred to diatoms durmg
the bloom. Banse (1976), Burris (1977), nnd Smith (1977] have ‘observed higher

' ‘ rup:ration rates in motlle phytoplnnkton specxen than in non-motlle forms.

r * k -
- B

. adiocarbon decllne later iunng the first night (Figure 3-8) m:ght lnd:cnte either -

[r—, Y
e B oapo,

e rates, if maintained over the 10-hour dark perlod would consime more than "~ - T
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. 43, SPECIES SPECIFIC PR.IL{ARY PRODUCTION

-Track. autora.d:ogrephy-b&sed l:nensurementa of carbon upta.ke and pool m:e '

( ~ at the cellular Jevel revealed thet similar ta.\:a aecumula.te more radioactive lebel

NI (w/v) under bloog conditions than in non-bloom conditions. Phytoplonkters a.ls‘o :
~ turned over cellular carbon pools faster and thus saturated faster in “the non- . -

bloom enclosure then in the bloom. eoclosure The use of track’ autorad:ography

| was on a species level and how fast that podl was turned over or labelled.

Nanoplankters (ehlorophytes and cryptomonads) common to both bloom:

) and non-bloom enclosures incorporated about thce as much C infp celluler ;

carbon in the bloom experiment as did cells in the non-bloom enclosure (Flgures

" 39 and 3-10) The proportlon of the cellular volume labelled by the end of the

bloom incubation was approximately 10. 5%, about that expected for cells in.

) loganthmlc growth in culture (Cushing ef ol. 1958b and Mullib et-al.-1966). The.'

same cells in the non-bloom enclosure were nearly saturated by the second day of - _

mcubatlon at 4.5% of the cell volume, a level pnly hall that ‘observed in the
bloom enclosure. The non-bloom cells nevertheless were mamtammg high rates of
pnmary production. ‘ _
' Flagellated nanoplaoktere are found year around in the near-shore Labrador
' current water {per. observ.), unllke many of the non-motile dla\tom specres found
only during bloom condltlons and therefore ndoubtedly contribute the major
e portion of total aonuel'primary production,

4.4, PHYTOPLANKTON CONTRIBUT ONS”T? TOTAL POC’

-—33\ - The irrlportance ol being able to determine specific carBon .contributions to

the total POC is that it‘pern:lits identification of the major sources of energylor
" the food chain. ' Track autoradiography-based ug C cell'l estimates .used in

eon,]unet:on with cell abundance in cells ml 1 ylelded total C mi"! estimates which -

were lower than preserved filter PO“C values in hoth bloom and non-bloom

/ menclosurm (Tablee 36 .and 3-7). The aummotlon of rmeroscop:cally |dent1ﬁoble
k fenrbon sourcee accounted lor up_ to 88% of total PO“C during the bloom buL

+
1

e.llowed the assmment of how large the metabohea.lly sctwe cellular earbon pool T
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_ " onlya. maximum of 30% in the non-bloom eniclosure. The track autorsdiography-
: -—- ' " based eatimate of par'trculate radloearbon per unit water volume was found to be
| =~ in very good agreement with. the filter POMC, however, indicating the isotope, -
S was m umdentrl'iable small particulates orfpoembly colloidal forms on the slide.
TR S Beta en:ussrons lrom damaged cells, loose cell contents or bacteria could account
N the drscrepancy in ecarbon estimates. 'I'hrs strongly suggests that energy flow
to hlgher trophrc levels may not be solely through a classical algae-grazer food .
. chain during non-bloom conditions. _
Pomeroy : and Deibel (1986) have documented tlle suppresslc?n of bactendl
activity in cold Newfoundland waters, It may be that reduced rates of breakdown -
: permit the small particulates to persist long elrohgh to play an’imp.ortant role in

magiritaining energy flow to higher trophic levels.

4.5. 'concwsrons L
The use of long-term, large enclosure, in siiu 40 ineubations ol' natural ’
phytOplankton pOpu]atlons allows ‘more accurate de.t.::rmlnatlon of marine primary
L et * . produetion. Near-shore primary productlon estimates in Newfoundland waters _
- indicate .potential ‘car.bon :}rces for en_ergy transfer to meta_zoan ‘eonsumers
. which in turn could provide a food base for the coinciding summer recruitment of
larval fish. o . '
S . " Incubations lonﬁer than one day are.required to ascertain v.:hether or.not
| " prod‘etlon estimates are complicated bj' the saturatlon of the metabolic pool.
The standard, 1 day incubation techmque yielded a primary productron estimate
" ‘during the non-bloom penod that was only 34% -of the total earbon flux.
Cotrected. prlmary productlon e‘étrmatea ‘made in both bloom aud non-bloom
-copdltrons in coastal waters wege both hrgher than prev:oua values recorded I'or
the: highly produective shelf-hreak regron ‘of the Grand Banks # There are
'msufhcrent data to determme the generahty of these values and to thereby
evaluate whetherﬁor not prevroua (Srand Banks data should be corrected
w0 The marntenance of hrgh rates of carbon Mux by relatwely small densrtru of

S nanoplankton durmg non-bloom condltions raises. queatrona concermng the major
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pathways of energy flow during much of the year. Further investigations of the .

productiqn of particulate organic’ metter in non-bloom conditions may clarify the
pathways of enél'gy flow responsible for suagessful fish recruitment during periods
when nutrients and phytoplankton biomass are low.

Track autoradmgraphy allows the determination of earbon flow ancl cellular

‘ carbon pool sizes On a specles sca.!e in naturn.l phytoplankton assemblages. The_ .
use oI this techmque ensbled me to show that na.noplankton in non-bloom -
eonchtlon cen carry out ratu ol' pnmary productlon. equal to those in bloom.

- condltlons utllmng a smaller n.ctwe cellular carbon pool. |
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