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Abstractis

A clossd~gysteam water tunnsl was desirned to 2llow measur-ment
of rhotnornthetic rates in henthle marine nlants in moving w=ater,
This watar tunnel, together with a Clark-typs oxycsn sloctrede,

was used to meazure rhotosvnthesis of antire Iherveocysiis an-usti

fr1in blades in the laboratory znd in situ in different water
velocities, Thotosynthstic rates as hizh as 11 nl O:fdngfhr wWers
rscorded in velociiisc of 4,5 ¢n/sec. Rates of mature surface
blades shouwed no photoirhibitlon and continued to riss simifi-
cantly as the light intensity was increased up to at least 1.8 Ly
per ninute{352-750 nm). Phelosynthetic rates decrzased with de-
ereaning wnter velocity below L,5 cifsecs Tha current velocitisz in
kclp Leds fall in this ranze, The morpholozy of the blade was
dermonctratad to create turbulence as w-ter passed over the blade.
Such turbulence cculd greatly incresse diffusion r to% of nutrients
and gascc to the blades The morrholoygy thus may be important in

enhancing the transport of nutrients and gases to the plant,,



Introduction:

Studias of photosynthetic rates of Macrocystis have typlcally
been uone using B.0.D. bottles or warbury flasks.2s2 Such
approaches necassitats cutting small dises from the blades. Tns
effect of this cutting on metabolism 1s not yet knowme Water
motion has not be=n contrellsad. DBottles can be stirred or shaken,
but the typs and magnitude of the water motlen genszrated in this
way does not duplizates natural flow past a blade.

Soue workers have avolded conlinsmesnt in B.C.D, boltlss,
Towle and Pearced used a large plastic bag slipped over the blades
of imeracyetis., Whitford and Fim modified an artificlal stream
apraratus Lo measure growth of whele alp2l thalld, Sehrarumd
ueal a large flow-through cuveiis with an oxygsn electrods for
!

studies ¢f Fucus. HMatoumoto¥ nessured the grouth rates of

Ferrhyes by using rotary spokes to drag attached plants around a
circular tank, thuc ecreatine water rotion relativs Lo the plant.
Sonme 1liwnologists have used chambers to simulats stroere
flow.?’a’g’lo However, water mﬁtion i1s st11l ona of the least

. ) n
underslocd facters affecting the growth of benihic planis. i

Water motinsn dsereases tha diffusion boundary layer and thus

Ve have davelaped & watszr lunnel which bs suilable {or

both laboratory and in ~it field stuldles of large umarine algac.
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With this apraratus, one can study the cffects cf water otion,
light, nutrdients, zases, tampsrature, and the rotlabolic state of
the rloant. In this paper, we will =mphasine tha o2ffects of 1i-k4

and viter motion on thotosynthesis of jmgreesslls ones~Lifelis Rary

The rorphelosy and itz influsnce on the patterns of water-flow
over Lhe plant surfacs ore alsec describad, the cffects of diffusion-

limited processes on alzal photosyrthecis are discuesssd.

Faterials and Jathods:
Fhetosmimihetic rates were seasured in a Plexizlas water
tunnel(Figurs 1)s  Water was recirculated via polyvinyl clloride

(FVC) tubing, ater which flowed into the mixing chashar was
ferezd through [low collimators (plastic drinkins siraws) an?

2 Jayer of fins nylon nettiag to nroluce a unidiracilliona

-

laminar flow of constunt velocity ‘hrouch the speciman charber,
This chamber wes 30 x3 x 50 ¢m narrowing Yo 3 2,6 dlanmster FIC
Firge Giater leaving Lh: chambier was mixed as it pas-ed threuch

a pamp (Mfareh 201D, ACKZ) then possed ovar a V0TI medel 419

oxyzsn probe inserted In the PVC nips, The outpul of the ro-he =

was fed inlo a VSI medel 82 dlzsolved o¥yoen meter aml Lthosen

to # chart rovordore lhe waler-Ilow w2z then s»lit into tun
em dtameter vipes and fed Lack lrte the wixing charmber, Mater

. [

alr, and nitrocen were added anl

e
1

epoved [roa the pdxing chasber
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throurh 2 standpipe. Access Lo the onecimen charbasr was throush a
11d which could Le closed with an 2-ring and four bolts, ‘ha
enitire Lop of th~ tunnel (110 x 30 cn) wis removable for cleoning
and wes Lald in place with bolte scsinst a layer of nsopranc

sealcd with 2 thin layer o0 wetroleum Jz1)lv, Water veloclity was con-

trolled with 2 rheestai; 1t was weasured by collecting the
oulput of the 2,6 cm plpe for a measursd time intzrval,

In ihe laboratory, the Linnel was submerzed In a runnirs
sepvater bath aintaiined at ambient ses temperature (£ 1/27¢)
with ¢ thermostat-resulated water chiller, The 1ight scurce
was a 1500w+t Quartzline (GI Q1500T3/CL) lamp. Ticht intensity
was raduced with neuviral densitr Nitex windo screening. Lipht
intensity and spectral distribution were measured ~ith an I57
model SR spmetroradiomeler. Hert Mrom the lamp was dissipeted

by a circulating water bath nlaced betwesn the lamp =nd th

&

&>

Trovgds of thoreernlin oot falia gere rersvel from Lhe

Velpn Bed Just off Campus Point (34°21 12" x. Lat,, 112950%36" 1),
Ionce ) of f the Univercity of Colifornia, Santa Barbsre during
tha ponths Jerch through June, The fronds were sloced In o
lar:= hnlding Lror i direct sunlicht within 15 cinutes ali-re
collection, Water wan eirculstel lhrough the Leay ot 60 1iiers/

. . . 0
minnbe a0t tre woter teoemeralure wnn melintained nt :u-_r_;ir-nt( - C.).



Frorls were Yrpt in ihls systes for a naximun of Lwo days

wider matureal light and photopeciod, L iatlare sorface Llale

soarterehel froim tha frend In oo recian botoseg tha B00R ~0A
10000 Llade Trom (he porvictorg and Sleened of anifhotes, The
exfvied surlsce at the hase of the vesicls win cavarad with

Parsfili t2 preovent leakage of rstab~lites into Lhe surrmunding
wrlsry  The Blade was then wlaedd 4n tha witer Lun al, Defora and

1
afler reveral cxprriments Winklart'" were smde on osasnles talen

Tron Ats mbiing chanter Lo check the calihroting of the coos

=g
P14

The water tunnel was also used in the Kelp forest during
the ronty of July, 1274, The Lunnel was lousred over the cide
ef a1 en2ld boat. Both ihe pumpg and the slagtreds were oub-
merpivle and were run off a 12-volt battary with a IC-AC
converter, & diver ulaced tha Llade in the chamber., ‘Water vel-
ocity in the charber was adjusted to mateh the in st current
velocity which was msesured with an Sekman-lerz current meter and

pusericn o
e nmarkers, a Field as well as laboratory experiments varied fron
1/2 to 1-1/2 hours,

A hydrodynamic view of the Macreeyctis blade (Figure 2) was
obtained by using @ water tunnal constructed by J. Fletcher in
tha lnginmoring Doparteent at UCSB under ths dirsction of Dr. R.
3. Hickwan., With this tunnel, which &5 similar to that showm in
Flpure 1, it is puesible to rhotosraph and measure tha hysical

bourndary layer and water-flow characleristics over the blade,
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For [low visuallzation, a bydrogen bLublle peaerating wire war
tlaced wrzlrean fres Lhe Lladms As a pulsed lins of bubblez
el ol the blads, the water-Llow jattorns wer-
revesleds Voiues of Louwndevy laver Lhiciiscs oLblainsd fron

rhotographs wera coemparel with Lheeoreticsl wolues

turtuls=nt bovndary layers,

ciprivzlent Tomp intensity,

rom £ Lo

ronged
nat oholesynthells

vrter velecily of

shzrply Letween 0.0

and €.2 ofulu. Hewever, photeo,nthesis 1e nob saturabed ot this

[R

. - af
voint. the ratss continue to rise an average of 7.3% batoens

Golt and 1.8 Ly/imine  Inch of the nichi ratsn slewed sionificynt
nereasas yhen tested with a 0elf-paiving crmarizen Lest. o

photainhihiticog wes noted aven at 1.0I:0/0in, Moto-yatheels g
resivation ration sverzgel 2O/

Srons rhintan nthetic erd-vesasirsdiop-rantes of [nowsea-tlin
Lindme ave ahon e Figur~ B a0 o functien of water rotlian.
Mintonsuthalic »atan Aacroased it decvmacing ualsr potl

Wef cnficel Walnae dpn 28111 wt e mare coritive, bt tionifiant

lovier than at 4.5 enfaac,



valuns obtained frew field reasurements of gross photo-
Syltithezls during the summer wers Zenerally lewver than these
meomured in e Iaboratory durii; the corirne,  Watsr veleciilies
merenured in the kelp Led were 2loo leu (Figura 5)e Sone iote-
synthatic 43t~ are pre-wmt~d 2lonz with licht intensity, dejree
ol cxyoan sataratien, teoperaturs; and velcolity in Table 1.

Searurenints ol the physics bound oy layer are rrecented
i Tablm 2, Also included are the theorstical Laminer and
turbulent, tonsiry layer thicknes-es ss computnd for submerged
flat platcs.lj The morphology of the blade 'trips' the flow
arownd the Llade from laminar to turbtulent in volocities as

low as ) calzec,

Direncsion:
Protorynthetic rates msasured duri-g th= present study

cdiffer from those presented in earlier papsrs, Clendenning's

1

ratest saturats at 0,2 Ly/mine The rate sravhed in Floure 3

has an inltial slecp irncrexse which slows teo an averagm rate of
e
7+L%. It doms not lavel off, nz to thc rates measnred by

Clendanninz. Juch increases in photesynthatic rates 2t hi-y

16

Mgkt intenzities are charactaristice of € plante. Faralkqy

+ e
H .

ard Joshit? found Loty Cy and Cj_ enzyries and products in brom

and gresr slocoes However, it remains to bm saon thether Jher .

cvetis  is 2 G plant.
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Deitheor Clendanning's study nor thisz one shou photoderiruc-
tion 2t hich light intensities. The v.lues recorded uw.der 1.2
Iy/uin are slirhtly hizher thon Clendennine's for the same

O'!‘

time Af veoar, but are much hizher than the ratec chtainad 1%
Towle znd Pcarse.3 Theca vorkaers cenductad their sxperiments
curi-g thes suwmter when rhotosynthetic capacities are much lowsr
than in winter and spring.l The values obtirined in the [ield
aro similar to those recorded by Clendenning and Towle wnd
Pearse Tor this particular tims of yamr and reflsct the
detrrioration of the kelr canopy observed durin: the sumnsy,

Az discussed above, currn=ts in a kelp Lad moy bo vary low,
The flow through a kelp bed is not turbulent, but narfect at
these volocities, Parfect flow is analocous to laminar {lsw, and

L

s . . fos 18
s charact=ristics can be rvredicted Ly the Prandtl mixing lensthe™-

o

Turtvrlent boundary layers are thicker thm laminar layars, but
have a greater amount of oddy movement, which would intuitively
mean creater diffusieon rates of miterial from the oaseing water
to the nlont surface. ‘later velcclitiss less than 4.5 emfsec

crura a deeresse in rvhotosynthesis (Tigure 4}, dhus, it is
poseibla that in slow-moving witer kelp shotosynthesis pay e
diffusion-linited. D[lade corrugations *trip' laminw flow to
tirtulsct i slow moving water (T:ble 7). Dlads cervvgations on
othor alsal 2111 rdpght aldso hiave the mane aduptive significaince,

ielezortiveds inhablts guietl waters off Southern California
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islaads and it too has blade ridges. However, li-roccy-tis,
which has pon-corruratad bladas, is restricted to the mors
turtulent outer coast morth of Foint Concention, California.
In eoneluzion, a method of maasuring the rate of rchotonyathenis

of benthic marine alzal macrorhytas has bean doveloned,
Rito vxlues which are thoupght to be clowm to natural were
obtrinad, These rates may be diffusion-limited at the low
velosities which frejquently cegty in the Campus Moint %eln bed,
Tius, there seems to be u selective pressure on lacrocvstis
toward incrensing diffusion rates, 3Since *triping' t'e flow
past the blade from laminar to turbulent greatly increases ths
the diffusien rate of matabolites to ths cell surfacs, blades
which could to this would have a seleciive adrantaze to the

‘plant capable of producing thenm. hc observations made here
2y have implications pertaining to th-oretical discussions

£ kelp adaptatlon and evolution and to mors practical asnects
of kelp bed management. liarvesting practicos that enhance wataer
flow through kelp bads could enhances the water motien and thus

increase productivity,
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Flgurs Captions:

Figure 1: Plaxiglas, recirculating waiter tunnsl and associated
Taberatery arcarutus. The water tunael, pup and electrode weres
also uced in ths eza. C3: cooling bsth; CBL: cooling bath for

light; Cllt water chiller; E: ecleoctrade; FC:  flow colliwrtins

gtrawsj L:  light; il: mixing chawmber; H: uitreosen; KD3: neutral
density screens; Qif: cxygen meter; RE: recorder; Ri:  rheosiat;

RL: removable 1id; 5: standpipe; SC:  specimen charher; SF:

submersible purmy; Vi valve.s 4rrows indicats direction of flow,

Fipure 2: [herocystis blade in watsr tunnel {Inginezring Depart-

ment, UC33). Vartical bands of hydrogan bubbles allow Fisual-

1zatlon of water flow patterns., Physical bounidary layer measure-
leading

rments were mideo whera the edge of the miluss intersect the blade,

Tlow 15 from left to rizht at U,5 cmfsec. DBottom notchas are one

inch,

Flgure 3: The sffect of light intensity on the oxygen nroduction
of entire bladas of iacrocystis in a flow of 4.5 cmfssc. Totsl
watar temporaturs ranga 10-159C; controlled tﬁ-é %OC in each
expariment.iiezn nd range for B-hlﬁdan are shotn., A Denotes

~a signifiecsnt lncrezse in slomn-Datweon points.

Moure L The affect of low water valocity on rhotosynthanis,

1isht intansity of 1.7 Ly/min (390-750n4) was used,



Coorrent vaelocity in th= Cax

spur Folint kelp
25 neasur~i with an Sckman-Ferz current meter and dy~
Crdin

ate derdcts tha nusber of

-
L
mpasured,

Led
ATk ATs,
ines a particular rate interval

wWiG

Talhle 1:

In =i%n pgrass rchotommrthetic rates of [Seroecoctie 33
maasured with the water tunnel =
dun= snd July, 1274,

soperged in the sea durlng
also rhoim.

Associated environrintal paramaters arae

Tablae 2:

Heasuremsnis of the ph
(S) take

Trom ths nhotojraph in

t

1 boundary layer thickne==z

b

of the same line-r dimension (x)

Theoratical laminar
' {ed) R
and turbulent boundery layer thickness, of submerped flat plates

"
Ble.
"

-

nErLs0il.e
shler velocity was 4.5 cm/

are shown for co

T
S
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Ix s17u bross PuoTosynrHeTic RATES oF MacRocysTis ARGUSTIFOI 1A
AD ENVIRONMENTAL PARAMETERS AS MEASURED Duming June awp JuLy 1874

PS Rates Licat INTENSITY WATER OxvGEn LeveL  WaTEr VELocrTy WATER VeLoctTy
(mozinn}/m} Ly/min TenPERATURE 1K WATER [N TURNEL in Keep Bip
C PPH CM/sEC cM/sEC
.2 0.82-0.8% 19 10.85 2 1
2.8 0.52-0.60 18 9.45 2 .33
3.0 0.60-0.65 17 1.0 -2 1.5
table |

®

THEORETICAL AND MEASURED BOUNDARY LAYER THICKNESS
oN A MACROCYSTIS ANGUSTIFOLIA BLADE

MEASURED THEORETICAL

5 LENGTH  (X) LAMINAR  TURBULENT
(Mm) (MM) (MM) (MM)
1.66 17.80 3.6 1.75
3.12 35.56 5.13 3.0
5.00 111.76 9,09 7.52

e " table 2



