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The pattern of import and export of %qc—lebeled essimiiates 7, »;«i

~

“in Macrocystis integrifolia Bory (dn’British Columbia) and in M..

Rzrlfera (L.) C.A. Agardh (in southern Callfornla) was studled by
1abe11ng dingle blades on fronds. A system of namlng the fronds -

was dev1sed to show their ontogenetlc relatlonships, as a basis forﬂr

P e ‘

'understandlng the tgngslocatlon pattern.

A 1ag period of about 4 h before translocation Could‘be

detected was found in both sbecies. Most experiﬁents”yere,of124 h.
duratidn to allow accumulation of 1%C in weak Sinks%;wbi}e~mindmi21ng

[N . . . B

E , oy N v L )
enclosure stresses on the labeled blade. : , L L . "

’
The pettern of import‘end export was similar to that of
dicotyledons: actively growing tissue imported and did not export. . .

As arbladerr?ached'maturity it began to export, at first only to the
apex above it, "later also down the frond to sporophylls and frond -, . .

1n1t1a}s at the base 6f the frond, and into the apical regions of - .

Juyenlle fronds; f1na%ﬂy there was a phase, late in the life of the °

"blade, when'transport\was only downwards. ‘Young,fronds imported from

- older fronds until they were approximately 1.5-2 m long in the“case

of M. inteérifolia, and 3 m long in M. pyrifera, by which they had

developed mature, upward-exporting blades. The distances of a blade

»

from the apex at which export began and at which downward translocation = . .

began differed with the final length of adult fronds: This length e

°



r

t

e “transporthegan*about\ 2~m fromnthe*apgx i spr%ngjfand~0 Swmniﬂ*fall.

'E. -

.isa functlon of “the depth 5f water 1n y which the plant grows. Thgs o

“ [y

/there were dlfferences between the two species and also between d1£ferent:

r v .

depth populat10nsxof M. pzrlfera. In M. pzrifera at Arch Rock’ (8- 10 m '
below low watef) export began at approilmately 1lm ffom the apex and’ Y

’ downward-transport 3.5'm from the apex. 1In M integrlfolla (1-2.m

-y -

below low water) export began at abput O 3 from the apex whllg'd0wnwardr

i

1}

N

’
.. . . \ . '

The seasonal changes in translocatlon pattern in M. 1ntegr1folla could ~
\ , . . n’ . - . ” I v \ 5 BR [N B

:’be correlated with growth-rdte changes. ORI L . .

The translocation pattern was studied at various'stages of the

developmentvof young'M.~integrifoiia.t.The first fewtbladee which are

2 ~ s
t s v v

formed in the prlmary fronds - whlch become frond 1n1t1als and sporophylls

. v
N -~

- begln export at‘about the tlme they are freed from the apical scimitar,
A . - N

+ -
~

. but»éease‘ekport-when mature- stérile laminae have been formed above them.

. 3
N v

. . - . — - I e el - . - o

No translocation was found from a younger frond to an older frond,

Y X - N
nor was there translocation upwards from a blade on a frond lacking the

'
- .

apical region. Removal of the apical scimitar and immature blades led

. to an increase in downward export. The apical scimitar and the immature

- v

free blades were-found to be two sinks each capable of sustaining upward

»

«

translocation . Thé cutting experiments suggest that there is apical

r

—

domimance in Macrocystis.

*
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}p various kelps.

first prov;ded by Parker (1963 1965), who demonstrated*movement*bf

. ST © INTRODUCTION

It;hasllong.been‘aupposed‘that brown‘algae:of the Order
Laminariales are.able to translocaté photoassimilated carbon’ compounds

within their thalli.- Reinke (1876) first~rep¢rted‘filaments of

elongated cells w1th perforated end—walls, in Laminaria saccharina (L. )

Lam. and Alaria esculenta (L.) Grev. -The first report of filaments in

Macrocystis was Will's (1884) description from M. luxurians Hook. fil.y
£t Harv., now referred to M. Ezrifera (L.) C.A. Ag. Since tﬂgn varioué:'“

authors have elaborated theseAdescriptions, both at the’ light microscope

level (summarized by-Esau71969), and at the ultrastructural level

(Ziegler & Ruck 1967; Parker & Philpott 1961; Parker & Huber 1965). In

e

recent years Schmitz & Srivastava (1974, 1975, 1976) have conducted
elegant electron microscope studies of the development of sieve elements

4

Investigations into the functioning of the sieve elements of
kelps was at first deductive: . exudation was found at the cut ends of

stipes (Crafts 1939); thed Sargent & Lantrip (1952) showed“that growth

-

of Macrocystis pyrifera apices could not be accounted for by their own

photosynthesis, whereas in mature regions of the thallus carbon fixation

v

was considerably in excess of growth, and concluded that tramslocation

'redistfibdted photoassimilates. ‘Direct éVidehée'6f”tfaﬁélbeafibﬁ;was

14

and fluorescein dye both upwards and downwards 1n the stipe of M. Ezrlfera

- \

‘

from the source blade, and into other blades, including the apical blade



" It has now been shown for ,Nereo,cy,stis,,,leutkeana (Mert.) P.&R. (Nicholson

B N,

& BriggsK197?3; and for Laminaria’ hyperborea (Gunn ) Fosl (Steinbiss

& Schmitz 1973), that .the sieve elements are 1ndeed the conduits for

for translocation.

The ,picture. of the sieve element system that has emerged from

the works of the various authors cited, and especially from those of

Schmitz & Srivastava, is one.of a reticulpm of sieve elements, each cell. . .

having;a full complement of mitochondria, Golgi bodies, .endoplasmic

reticulm; etc., and in some species retaining the nucleus throughout

their functional lifetime. The sieve elements form an interconnected

network in the medulla of stipe’ and blades, and originate from‘cells of

the inner cortex. . “

v Although the translocation pattern had not been demonstrated

»
-~

experimentally at the time I began my,experiments, the accepted concept
of translocation in Macrocystis was one of mature sources'supplying |
photoassimilates to immature, meristematic sinks. This’was a logieal
extrapolation from vascular'plant stUdies,vand had been made even before
Sargent &’Lantrip's work (1952). 1In higher plants this concept has been
well worked out using radiotracers (cf. Esau 1969 Aronoff et al. 1975)
It can be briefly sumdarized as follows: The plant body can be divided
into two regions: those in yhich photosynthetic carbon fixation accounts

for or exceeds the needs for their owndgrowth and those in which it does

not, The first category includes only mature leaves._ The second category

< -~

' (the sinks) 1ncludes non—green stems, roots, and most meristematic regions -

<

where growth outstrips carbon fixation. In thé parallel situation in

Y
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Macrocystis pyriféra_it,ﬁaﬁ'aﬁﬁumedntbéﬁifbg,SeCOﬂd category‘would also
. s ¥ -

L

include young fronds arising from the base of the plants, where light’
couid be limiting because of the depthﬂof’wétertand the sqrface canopy

of adult fronds. Translocation in vascular plants involves the movement

. ~ ~ ) . . . . _ . )
of photoassimilates into the phloem of the minor veins of the soufke

w

leaves,!and,through~the éieve tubes of the phloem to the sink'regions

where the assimilates can be unloaded; i}'there is no unloading, thefe

may be feedbaék,to_the.soufces causing é'drbp in photosynthesis. AngioSperm
leaves begin as sinks, but when half to three-quarters uﬁfurled become

sources; at-first‘supplying their excess assimilates to the yéunger'leaves~,

above them, and later to stems, roots, storage organs, younger shoots,

and fruit. ] o L - ' B ¥

Although Macrocystis, by analogy, was thought to have a similar’
translocation.pattern, Parker's experiments had not §howﬁ‘tran3port into
young fronds, nor had they detailed which ‘blades were sources of assimilates

and which were sinks. The Macrocystis plant consists of méristem%Ficv
N =~ ) ¢ T

vregionsfseparated by mature regionms, and is considerably more complex
than Simplé-kelps'such as Laminaria, in which it had been showﬁ that'thev

distal (mature) region of the lamina exported to the transition meristematic

S

region at the junction of the stipe and lamina, and to haptera .(LUning’
1969; Llning et al. 1972, 1973). Even the giant kelp Nereocystis. has
this simpleilinéar arrangemeﬁt'of source and sinks (Nicholson & Briggs

11972), which has recently been shown to be general in the Laminariales . ..

@ 2 i -

. (Schmitz & Lobban 1976). S . \ _ o~ ‘,';,

FE -

N\



i

LT 7 ; o -
The objectives:of the present work were to expand Parker's

3

~radiotracer experiments: to investigate translocationrinto_young*ffands; .

and to define source and sink regions of the frond. Experiments were

carried out pfiﬁcipally“dn the~local species, Macrocystis integrifolia,

but a brief study was also conducted on M. pzrifera,in southern California -

o

to investigate depth e%?ects on the pattern of carbon distribution as i

’

- well as interspecies differences. ' » »



~
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I. Field procedures

plants:‘ fronds tagged with numbered surveyor's tape were m@@%ured with

abmeter:sti¢k approximately weekly. The data were plotted and smooth

curves drawn through them. Length increments over 5-day intervals taken

from the curves were used to calculate percent daily elongation. - Linear

fegreSsion analysis of percent daily eldngation versus-log10 average stipe

length in each 5~day interval yielded the "standard growth rate" (G)
(North"1971), the y-intercept of the regression line, that is, the "percent

daily elongation normalized to a frond length of one meter" (North, op.

, Qit., p. 143). This statistic, which North hég used extenéively to compare

growth rates of E,'Ezrifera over time and between populations, is normally

given without units.

Ali translocation experiments were carried out ig_§i£g using SCUBA
diving equipment. Normélly a‘singie blade somewhere on a frbnd»wés seleéted
as the experimental blade, hereinafter referred tg as the labeled blade; in
a'fgw.exﬁéfimepts a group of blades was labeled. A clea? polygthylene bag,
with a serum cap held in the side¥B§ a shqrt piece pf p}as;ic tubing,\ﬁas
sealed around fhe'BaseEof the pneumatoc?st with é rubber band, enclosing
about 2 litres of the éurroquing seawater. Radioactive sédium bicarbonate

was injected into the bag ;h%ough the serum cap and mixed with the seawater

by agitating the bag. Normally about 2507:‘(’:'1 [1461‘—3:?&1(:0‘3" was added (2.5 . =

/nﬂ&of‘stock sOldtipnya, o e e Tf;f f5'f Cenol j‘»:;

I i . B -
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Plastic bags have previously beéh used-to inéubéte—§7rgzrifera—

blades with 14C by Parker (1965) and by Towle & Pearse (1973). The latter

- authors suggested.that -photosynthesis may have béen nutrient-limited in

their 6 h experiments. iﬁ his 24 h experiments;op produciion Of mafine"<
macrophytes, johnston (1969) found that £E\a ratio not exceeding 0.1—0;3
g dry weight alga pef liter of seawater was used no nutr_i'ent‘or.CO2
deficiency effects were found. Weights of yﬁrngifeta:bladeé'rangerugrﬁp‘
1.5 g -dry wt. (North 1971)'(witﬁ the exception of spgrophylls~which are
considerably heaﬁief). ' This suggests_that there may have been nufrient—p
1imitationdﬁring my expefiments; the effect would have been most Ptonouﬁced
when photosynthesis was highest. Short-term (1-8 h), exﬁeriments were
carried out on both species‘of Macrocystis, but in order to'have:a
measﬁrable amount ofArédioactivify in the éinkg I chose a 24 h duration -

for most of the experiments. A few 2-6 day experiments were carried out

on M. integrifolia. (The use of larger bag; would have done little to

mitigéte the nutrient-limitation problem inasmuch as a static.layé;lof
water would still form over the blade surface; however larger bags would

have increased drag on the frond and the risk of the blade being torn away.) °

At the end of the experiment the labeled froﬁd and the young
fronds associated with it were cut from the plant and brought to the
surface (small plahts were brought upiwhole), where the labeled blade ﬁas

cut from the stipe with the bag of radioactive seawater still intact around

it. The position of the labeled blade was marked with surveyor's tape. =~ = -

The fronds were transported mojst to the laboratory by boat fa*trip*of from

.10 min to 3 h).t'Plants in the short-term experiments were either sampled

for ana%ysis;immédiately or taken to the l;boratOry,in‘darkeﬁed;contaiﬁErs,



<

- —

but no preservation or other special treatment wasvundertaken_on plants
from 24 h experiments. Durations given in the tables of data do not
i ihclUdp transportation, héndiing, and drying times.

’ ’ . L4
=

‘During the course of the experiments I labeledfbladesin every position
on a frond from the apical scimitar to the frond initial. Plants in which
I was able to find the primary frond or its remains (52 out of 97 experiments
TN ‘ : = ’ LT
on M. pyrifera) could be aged by the number of fronds that had been formed.
In the case of M. pyrifera the youngest plént had only the two primary

fronds, eaéh less than 1 m long; for M. integrifolia I cohducted a series

of experiments on. very YOung plants, from the undivided lamina stage onwards.
(These stages, and the terminology of'frondsfandAtheir parts, are described

in the séctipn "Morphology and Development of Macrocystis.™) »

I7. Laboratory techniques

[ ]

" The fronds were measured and a record made of the relative positions
of the fronds and the blades. The fronds ogﬁzgzzz\ﬁeré stretched out on
lines to dry. Blades were then picked off and put into numbered bags or
dishes. All blades on short fronds were‘sampled for 14C‘content, But oﬁ )
longer fronds only the basal laminaer(including_spofophylls and frond
initials), apicalrlaminae (apical scimitar and immature frgeUblédés), and
a few laminae on each side Qf the labeled blade were kept<f§r sampling.

The samples collected in California were returned to S.F.U. for analysiss

" Throughout the results I have depicted selected experiments. These
{1lustrations were drawn to show the ontogenetic relations of the fronds
to each other, but do not show the actual spatial relation of the fronds

(cf Fig 8).
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‘ Mahin-Lofberg perchloric éci&—hydrégen‘perqxide me thod (Lobban 1974). ’

-

v X
It was

because uptake of 14C over a blade is uneven (cf. Fig. lé‘and 18);

Thereforé anal?sisrof totai 14C content was.conduc£ed on a\sinéie; wéighed
sample about 25 mg dry wt., from the proximal region (mefistematic.in'
immature;blades) of each lamina, where most activity accumulated. Becausé~'

of the:qualitafive nature of the aﬁalysié, loss of 14C from blades during

drying and storage was considered inconsequential, even though some

volatile compéuhds may have escaped from the dried .tissue. [Wallen & Ceen
(1968) found that approximately 31% of the radioactivity was lost_frbm

phytoplankton drying on membrane filters; this quantity did not increase

over 8 weeks of storage. Considerably smaller losses would be expected .,

from massive tissue such as Macrocystis laminae.] .

The dry tissue was placed in a scintillation vial, rewetted with
~ . : - . . ¢

N, - - .
N

0.1-0.2 ml water, and digested, for liquid sgintillation coﬁntiﬁg by the

[This method was criticized by Fuchs & de Vries (1972), who claimed'ip

did not give consist?nt results. However, Craigie (in preparation) has
. B c. - B ’ S ‘ ] ’L ’k
recently conducted extensive tests of the method and found that acid - *

.
- s ot

a

strength, temperature, and time of heating are all critical for‘quaﬁtitative

. ;

‘ ; : . & e -
work. Fuchs & de Vries did not re-wet their tissue samples, and thus

their acid doncentration was too high.] Raw data in counts per 5 or 10 min
were corrected for quenghing by an external-standard counting efficiency

curve and converted to disi tegrations per minute (dpm) by an off=Iine"

APL computer program. Sinc& the background of the wvials and ecocktail R

could not be precounted, an average of 25 cpm was assumed and subtracted

from the raw counts, but in view of the uncertainty of the background,

¢

not practical,to sample thousands of;Biédes;quahtipatiuelyfm7w7444mf
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-and on the basis‘ofﬂQQiies obtained in several blank trials, I have chosen

100 dpm/10 mg'dryQ;; as the lowest level of "'significant]' activity.

Aﬁtoradiographs of plant haterial were prepared by exposing X-ray

film sheetg for up to 12 days to tissue dried onto herbarium sheets.

A number of experiments on translocation in very small M. integrifolia
was conducted in the labe%athy, in a tank of running seawater. - On.the . -
07 ) —

smallest plants it was necessary to use .a plexiglas chamber sealed to the

blade surface with a surgical glue YLﬂning_gg_g}. 1972).

III. The study sités and species investigated

..

1. Macrocystis integrifolia Borv

lThis species occupieé the northern part of the range of Ma;roczstis
in North-America, extending from Kodiak, Alaska to Monterey, California.
It--characteristically grows-in‘areaé somewhat protected from the full force
of fhe.open ocean, and can Be found in very protected waters provided there
is a modest amount of current. The total depth range of this species is

from about 1 m above to 8 m below zero tjide.
- /7

The plants of this species in Barkley Sound, Vancouver‘Island
(Fig. i) are all in rather sheltered waters, and grow in the shallowef
part of the depth range for the species. The conditions at the two
prinqipal study sites, Bamfielaxlnlet and Roés_Islété,;béﬁ'Bé'éﬁmméfiééa
és follows: | ' - S e

Bamfieid Inlet: The kelp bed studied was on the éast side of Mills

Peninsula, Bamfield, mear the mouth of the Inlet. The substrate is broken
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"Figure 1. Map of Barkley Sound, Vancouver Island, to shbw‘the, locations
of the study areas. g ’
- R
&
% 00
°
§
}
4



1op

L3N Q3awve

Uouoys
SulID preyung

\;

\{ NOG.ap

=
ONNOS*

't Buwejy

C 3jpeg

AJTIMAHY G

: ‘I piojpuosg

>

‘.

,01e621 . %

doo

G e O R T



11

rock ‘to about -2 m,-beiow which are sediménts. The plants are attached

down to a depth of 1 m below zero tide. The site has weak currents, and

isfgenerélly subject to little wave action, except during northerly

winter storms. - o ) . T v

_Ross Islets: Experiments were carried out in the kelp bed in L
) - . . . » éi,»w
, ' _ ¢
‘the S.W. group of islets, where the plants grow down to about -3 m. The .

substrate is bedrock, partly overlain by sand and shell sand. The site isv"

protected from wave action in spring and summer, but is subjected td 
strong surge during fall and winter. There is'a moderate, chiefly northerly

current. - +

¢ N - B . .
The -San Jose Islets plants are subjected to both moderate wave
action, owing to the long fetch of S and W winds up Trevor Channel and

SE storms across Numukamis Bay, and to moderate currents. The plants here

were of particular interest as the deepest ones were 6-8 m below low

. : k]
water,’ a depth comparable to the M. pyrifera studied.

>

2. Macrocystis pyrifera (L.) C.A. Agardh

This species overlaps the southern extent of M. integrifolia,

and is found as far as northern‘Baja California. Within this range several
~ kinds of plants have been recognized. The type M. pyrifera has a
conical holdfast, and the lo@er parts of the stipa are not flattened

(Neushul 1971). This is marked contrast to M. integrifolia in which the

bases of the stipes”forh”a distinct#rhizomefriNeushul~(l959;~1971)~***”4’

distinguished a form of M. pyrifera which has mqre,ﬁlattened/stipegbasééﬁuf/~/47k4/—f

than typical M. pyrifera;yet lacks the rhizome of M. integrifolia. He

I P - - N e e T i s S S
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Figure 2. Map of the translocation study areas in southern California.
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felt that it was closest to M. anghstifolia Bory (a southern hemisphere

species ~- Womersley 1954), and termed it "M. angustifoliacnorthern

hemisphere phase'. It occurs at scattered locations in southern £alifornia,

including the Santa Barbara region where some of my experiments were

AR "‘\ RN - . L

conducted "However I observed a gradient of holdfast characters between
"t

-

;1jthESe plants and typ1ca1 M- Ezrlfera whlcb I studled at Corona del Mar ;;l’;{,'t
“and“San Clemente Island, “and it isamy oplnlon that all theaMaerocxstls e

in southern California shahld be refered to M. pyrifera (cf. Barrales
& Lobban 1975, pp. 672-673). For the purposes of this dissertation the
two groupsvof plants are treated separately -- not only because of this . K

doubt, but also becduse they grew at different depths.
” "'/"~\—\ s

~.

Thé»study areas in‘;;%thern California (Fig. 2) were as follows:

- Corona del Mar "(Newport Beach): ‘thé principal study site was

mnear Arch Rock, about 2 km SE of the mouth of‘Newport Bay. Thgdarea~is:

BRI
P

somewhat protected'ﬂrom<tﬁe;full‘force'df'oceah aﬁéilsrﬁy‘thé.soathérd
group of Chanaelflalands. Nererthaless, substantial swells were encounteréd;
even at the seabed,;on several occasions during the study (October aﬁd

‘Nbvember 1974): The plants‘were attaahed 8-10 m below zero tide.

Visibility was generally as poor as in British Columbia waters in summer.

The substraté was bedrock, with some patches of sand.

A few ﬁlants were studied near the northern tip of San Clemente .o

Island, where,theWplants,gﬁewrdeeper,(toarrli,mlLr_The,wateratheremwasr, o

very much less turbid than at the mainland stations. Wave exposure is

probably rather lesa than at Carona del Mar, as'the site was in the lee

of the island. The substrate was similar, to the depth the plants grew,

K

A
o
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. a\coqéiderable depth range of M. pyrifera was studied ‘to. exaf;beﬁ”'

C14
- turning to sediments at greater depths. h; A‘ ﬁ'

. A few shallow—growing plants attached to the pilings.of the

"

Kerckhoff Marine Laboratory Jetty and the rocks nearby (1n the entrance

LS

to Newport Bay) were stuaied for comparison w1th B C ‘ﬁacrocystis. Overall

J'f,

S

“this factor might have on translocation t:. S ,"W,,;ti e

A trip was made to the University of California at Santa Barbara

(UCSB) to study. translocation in "M. angustifolia northern hemisphere

phase'", These plants grew at -5 m on'arbasically sandy‘aubstrate‘and
formed extensive, rather flattened‘holdfasts, and also grew attached te
dead holdfasts (thch apparently persist for a long time). Wave exposure
is probably eimilar to Arch Rock. Visibility, at the time of my visit,

was better than at Arch Rock.

e



e . N

MORPHOLOGY AND DEVELOPMENT OF MACROCYSTIS =~

- A descriptlon of - the morphology and develogmemt qf M@croczstls

e

;“specles, based on the llterature and my own obseryatlons, 1s presented

»/

LS - e
<

T here in- order ‘that the translocatlon results can be understood in terms

of the growth of the plants.

The early development of Macrbczstisthas”been’described and illustrated

by Brendt (1923), Skbttsherg (1907), Neushul & Haxo (1963) for E, pyrifera,

and by Scagei (1948) {or M. integrifolia. It is the same in bothwspecies.
Briefly summarized (Fig. 3),'the initial split in the young plant-(the
undivided lanfina stage) (Fig. 3b) is dichotomous, producing two blades,
‘each of whic begin to undergo.unilateral divisions (Fig.3 c—es forming
blades along an elongating stipe. The first two blades forped I refer

to as frond—initia% (Neushul 1971 calls them basalbheristems). Each of

these is capable of forming a new frond. The two er more blades above

_~ the frond-initials are spbrophylls (in that they bécome fertile when the

frond metures), and the remaining blades,eformed'later, usually remain
sterile (Fig. 3h). Figure 4 shows in mote detail a frond of M. integri-
folia arising from the holdfast, to define -the structures mentioned in

the text.
[ ]

The development of the holdfast and of later fronds differs some-~

-qhat between M. pyrifera and E; integrifolia.. I will describe the later

stages of M. pyrifera, and then show how M. integrifolia (which has been

described by Scagel 1948) differs.
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Figure 3. Development of Macrocystis fronds. (ajlsﬁoﬁs a frond s
initial or a'very'yoﬁng piant; The young plant,splits dichotomously
(b), and then each blade begins'ung}ateral divigion (c),ofirst splitting
off a frond initial,ﬂ (d) shows the frond initial ffd& (a), or one of

the fronds of (c¢) dividing unilaterally; the newly-forming frond initial

(1st frond initial) is shown with a split starting. 1In (e) this newly

formed frond initial has separéted from the apical scimitar; its subsequent

»

development repeats (a) and (d). The apical scimitar from (e) is shown
in (f) - (h)'producing'the'an'frond initial (in f), and a sporophyll
(in g). .(h) shows a much later stage in the life of the frond [at this

étage the 1st- frond initial would be developing through (f) and (g)].

T e
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Figure 4. Drawing of a Macrocystib integrifolia frond, roughly to

‘scale, to show the structures mentioned in the text.
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‘Figure 5. Diagram of a*young Macrocystis plant, showing the two

primary fronds (10), with the two 2° fronds beginning to develop.
. ' ' <
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Figure 6. Two stégesvin the later development of Macrocystis pyrifera

(diagfamafic). (a) a plant with 2° and 3° the‘surface-canopyrfronds;‘
(b) a plant with 2", 3',,and 4° the surface~canopy fronéé. Both ‘diagrams
were prepared from actual‘specimens collected'at Arch Rock. These
diagrams- do nég reflect the actual spatial relationships of the fronds
(cf. Fig. 8), inasmuch as the brénchesldo not arise unilateraliy from

the parent fronds,‘but are shown this wéy to. facilitate ﬁnderstanding

translocation patterns.
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Figure 7. The developmental sequence of Macrocystis'pYrifera;'

Top: - develbpﬁent from tHe lo'froﬁd; Botfqm: 'génera1 de§éi§pmentv

- from the oldest known frond (xo).
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The first pair of frondsrproduced I referrt6 éé'the primary
- fronds (10) (Figr 5). ’The firsf,frondfinitial on each of‘thesé‘deVélops\
into the 2° ffopd,'but the second frond-initial rarely devélops into a
1' frond. The next frqnq to be égodﬁéed is thé 30, from the fifst frond;
initial of tﬁe 20; The general prqgréssion of the 0—serie$,of fronds
can be stated as: xo—v 3&1?-—f x+20....; where x° is the‘bldest'frona
undervSCudy. The sgcoﬁd frond-initial of 2° develdés’soon after the 4°
frond begins to elongate; this f?oﬁH’I refer to as 2'." Similarly, the
second frénd—initial éf‘3O develops into 3'. Each frond that is produced;
~ with the exception of lo, forms two new frdnds: 2° » 3° and 2',
3° —» 40 ~and 3'. Similarly, 2' forms two fronds: 2" from the first
frond-initial, and 2* from the second frond-initial (Fig. 6a). The

general outline of g,‘gzrifera development is shown in Fig. 7.

An older plant of‘gf pyrifera, showipg the approximate relative

sizes (éges) of the'frdnds, is_giveﬁ diagramatically in Fig. 6b: at this

(o] (o

stage in the specimen shown 10, 2, 37, and 2' were all dead, only stumps .

o

,\\_—’//pf the stipes remaining, and‘2""; 3X;.3'",44', 57, and 6° had all been’

broken or grazed off. It is not‘poééible to trace the fronds back to 1°
much after this stage because of the growing numbér ofyétumbs_and the
devéloping holdfast. As the plant ages, haptera are produced from the ~
bases of the older stipes, eventually burying the lower branch points in

the conical mass of haptera.

The real spatial relation of the fronds of a young plant with six

adult fronds is shown in Fig. 8, along with a diagram parallel to those

in Fig. 6. This figure can also represent a portion of an o}d plant -- in
. N -
that case the fronds are named xo, x+l°,»etc.
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Figure 8. Macrocystis pyrifera. (a) &rawing of the base of one half

of a small plant,_showing the spatial relation of the fronds. (b)
diagram of the same plant, parallel to thé diagrams in Fig. 6. S =

sporophyll.
/

kS . 7 H \

&
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Figure 9. Drawing of the younger part of a Macrocystis integrifolia

plant, to show the spatial relation of the fronds arising from the

rhizomatous holdfast (only the_apical scimitars are shown).

c
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In the case of M. integrifolia the bases of the 1° fronds begin

to flatten out into the rhizome at about the time the 2° fronds begin to
/ develo;. ?rom Qhén on the thizome flattens ahead of frond deﬁelopment'
so that the appearance is of fronds arising from the top of the holdfast
(Fig. 9). Br;nches occur in the_rhizome where‘secdqd frond inigials
develop into fronds. The’devglépment of second frond initials in M.

integrifolia seems to be less frequent than in M. pyrifera.

The growth rate of M. integrifolia in British Columbia, as

measured by stipe elongation, shows a large seasonalvvériation (Fig. 10),
whereas M. Ezrifera (North 1971)'has a more or less uniform rate through-
out the year in southern California. This difference in part reflects

the different water temperature and light regimes in the two regions.’

R
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RESULTS

I. Translocation in M. integrifolia

A series of experiments’was'rhn ﬁay 4, 1976, to investigate short-
term‘(l-7.5'h) translocation. VThekexperimentsvwere begun at 0860 PST
under oﬁercast and rain. The results (Fig. 11) clearly show a 4 h‘laé
beforerexport oflIAC was detectable. Activity’was first'detected in the -
stipe immediately above the‘labeled blade after 4 h; activity in other
blades at this time was very slight. However, afte;rS 2h considerable
14C had accumulated in the blades towards the apex, 7h??h most found in
the sampled blade closest to the source (three blades 1mmed1ately above
the labeled blade were not sampled). After 7.5 h the peak of 14C

accumulation had shifted toward the apex (Fig. 12).

-

Ihe results of the 24 h experiments for Bamfield Inlet (1973)
and Ross Islets (1975) have eaoh been broken down into subseason units
according to the trends in stipe elongationrrates shown in Fig. lO.
Because of the'different locatioﬁs, and the very different~conditlons'in
the two years, the resultsrfor each site\will be'treated separately. Very
brief summaries of the data are éiven in the accompanying‘Tables; more

complete data are given in  the correspondingly numbered Appendlx Tables.

5&,(

The complete set 6f data sheets has been dep031ted in the Data File of

Depository'of Unpublished Data, National Science Library, NationalvResearch

Council of Canada, Ottawa, KlAIOSZ.' e

&

;. I was unable to correlate translocation pattern changes with a

blade's number from the apex, because the .free®lng of a blade from the

apical scimitar is a combination of splitting and tering, which is
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f
b . [

Figure 10. Histogréms'of'the standard growth ratesk(g) of M.

integrifolia fronds at Bamfield Inlet, 1973 (shaded), and at Rpss
Islets, 1975. (Stapdard growth rate is explained on page 4.) The
seasonal trend is apparent in both years, although differing in

detail.

g
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Figure 11. Results of the 3 h, 4 h, 5.2 h, and one of the 7.5 h
< a

experiments on M. integrifolia at Ross Its., May 4 1976 ctivities

in dpm~afé for fhe total sample, which consisted of two 17 mm diameter
discs of proximal tissue from blades above the labeled blade; 3 disés
along the length of labeled blades themselves. Labeled blades shown
stipbled; n.s. = not sampled. Source blgdes werg 0.41, 0.68, 0.55,

and 0.65 m respectively from the apices of their fronds.
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~

Figure 12, _Accumulirion of radioactivity by the proximal region of
young blades. over time. Each curve shows tﬁelacti;ity of the sample
from the immature biades of oﬁe.frond. The 4 h, 5.2 h and_7.5 h curveé
are for the experiments showp in Figﬁre 153 the 24 h curve is from an
experiment at Clarke-Owens, June 7 1975, and the quantity of 14C in
these blades should not be compared to the other curves. The péak of
accunulation is seen to shift with time from close to the labeled blade
to. the first free blade.r (Compare with Fig.7¥9) ~apiscim = apical

scimitar.




28b

—
—
L
——
—

..

I L

8%4nos

@2unos yz'g¢ —»>— @
,

-
o—

|

o
|

|

_

PA

|

ypz > -

|

|

|

|

|

$894n0s Yg°2 w b

|
|
|
i

|
il

0

|
4 ],7

I

I

\o \g / |
’ .
| o |U ,f.l. < , ,
2N .
\ N, .
= ® q ¢ i
- N A
1 N T N | T _/;Fh _
0) . S 3 O
S e/dwos / wdp 3 S 8

100

i
_(apgcim)

Blade numb.'er' from apex

R TR, ;Eﬁ.zﬁ«.%ﬁ%ﬁ&ﬁ%ﬁﬁ



29a

Figure‘lS.' Autoradiographrof the apex of a Macrocystis integrifolia
frond to show uptake of 14C by the pro#imal meristematic regions only.
In this particular experfS;nt the labeled blade was 0.68 m from the"
apex of the x° frond; the apex shown in tﬁe autoradiograph was of the
x+1° frond €0.16 m long). The radiogctivity in the pairs of discs cut:
from the blades were’85,345 dpm and 1,016.dpm. (Plant #50, Bamfield

Inlet, Sept. 16 1973.) Scale = 50.mm.







irregular, beiﬁg partly a function of wave action (and handling). The

30

results, throughout the dissertation, are therefore giyen‘in relation
to the diétance of the labeled blade from the'apex (i.e.'from the last
split in the apical meristem). With a small number of experiments (264
a&ult plangs) it is not possible to have labeled a bladevat ever&
Acentimeter from the apex, therefore a statement such as that upward export
éeased about 2 m from fhe apex means that‘éxport was found from a blade

1.95 m from the apex (and from younger blades), but not from a blade 2.03

m from the apex (or older blades).

1. Bamfield Inlet, 1973

The results are best separated into two different periods of the

year (Tabies 1, 2): standard growth rate, G, rising in May-June, and G

. »
-t

falling from the summer peak in August-October. There was in both groups
an initial phase in the life of the blade during whichnthere was import,
but no export. Autoradiography’(Fig. 13) shows that the proximal,
meristematic part of‘the laminae,‘and‘the growing stipé1and pneumatocysts,
accumulated 14C, but the distal regions of the lamfnae did not; there

was a rather sharp cut—off between the importing ahd_nonfimporting regions.
When the blade was approximately 0.3 from the apex of the frond export

began, and was at first exclusively upwards.

[A group of seven experiments was run in July 1974 at the Bamfield
Inlet site to assess export from very young laminae. The distances of
the labeled blades from the apices of their fropg§7yepg;”thlz,,Q,lZJfgili,,;7?ﬁmw,ﬁ

0.20, 0.26, 0.40, and 0.50 m. Only in the last case wgsrtheye significant

translocation to the apical scimitar after 24 h (2,598 dpm/10 mg dry wt).]

« e

et et e axt pae st o = e o e o - R T e b R ey i S e B b i 05
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Table 1. »Synopsis of translocation exberimenés on M, integriﬁolia at
Bamfield Inlét, May-June 1973. The résults are arran%ed in order of'A
increasing distance (d) of the labeled blade from the épex of the frond
it was on. The conclusion from these expefiments, in spite of several

exceptions, is that downward export began from blades about 1.2 m from

the apex. More complete data are given in Appendix Table 1 (p. 97).

'Synoptié tables are presented for data given in‘tﬁe Appendix
Tables with the same numbers (1-6 and 9-11) to provide an easily
assessed Summary of the direction of export. In all cases x° was the
labeled ffond, and activity, A, in that column means upward translocation
occurred. Activity in other>columns'means-there was downward. translocation
"from the labeled blade into the younger fronds. (A) = small amount of |
activity (1ess than 500 dpm/10 mé dry wt). Absence of particular

juvenile fronds from the groups studied is indicated by --.



Table 1.

© 31b.

) Frbnd

a x° x+1° X+2 x+3°
.30 m — -
.30 A
.32 -— -
.34 A _—
.35 - -
.38 A A | A A
.56 A
.74 (a) (a) A A
.83 A -
.99 (a) (a) (a) (a)
.03 A -
.16 A —
.28 A A A A
.50 A
.23 A A A A
.23 A @) . (a)

TR
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Table 2.  Synopsis of translocation expefiméntf;ééultsVféfiﬁ.Vintégfi—i
folia at Bamfield Inlet, August=October 1973, showing downward

translocation from blades > 0.5 m from the apex. 'See legend of Table

1 (p. 31): More complete data given in Appendix Table 2 (p. 101).

Frond
d | x* O x+2°. x+3° A
.35 - A - -
.39 A — .
.47 , A
.63 - A A A —-—
.68 w! A o -
,90' ] (4) . A A (A){ *
)_ 1.04 A (A) A S .’
1.07 A _ A —_ -
1.07 PG - -
1.12 A (a)
1.15 A A A (a)
1.53 A A ,A?
1.68 () @) (a) | -
1.80 A A o A ’ —_
1.92% A A L e
--cént-—r - - -

cegee - B it U - VU UV SN
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Table 2, cont.

.
Frond
d xo x+1o x+2° x+3o
2.03% A . A A
2.40% A A A
2.57% A A A
* long-term experiments (48 h and 72 h)
4 'x°  apex damaged
2 1 . .
X ! no activity

e e e iy Ui B AL e o e
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Figure 14. Example of translocation in the fall. The labeled blade,
2.03 m from the apex of the xo'frond, exported only downwards, to the
sporophyllsvof x° and to the apical regions of x+l°, x+2°, and x+3°.
(Plant #31, Bamfield Inlet, August 26-31: 14C was applied for 24 h,
and the plant harvested after a further 4 days of,translocafion. Frond
lengths: x° = 3.36 m; x+1° = 1.43 m.) Numbers are radioactivity in
dpm/10 mg dry wt. Labeled blade shown stippled. Sporophylls in this

diagram, and in other translocation diagrams are shown thus: §§>

-
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The direction.of export from mature blades varied with season: S
in May—June (Table l) export was only upwards until the blade was ' - =
approximately 1.2 m from the apex, when export down the stipe and into | |
the apiceS»of juvenile “fronds (x+l . x+2 ) and into froﬁd"initials
(x+30, x+40) becahe well-established. Upward export continoed even

. . . ,

from very old blades (the‘%ldest was 3.23 h from the apex}. However,

during August-October (Table 2) downward export began from much younger .

' blades, at about 0.5 m from the apex, and upward export ceased by about -

2 m,from the apex. - At this season there were many sporeophylls, some

with sori, and in many cases they accumulated significant activity (Fig.

14).

A series of experiments conducted in November 1973, at Wizard
Islet, showed that there was very little\transport at that time, thch'
was after the end of the growing season. ‘Such export as existed fitted the

fall pattern.

2.  Ross Islets, 1975 . ' .

Experiments on the general translocation pattern were conducted

s . . 7

in February, March, and August-November. The growth rate was not measured

in February or March, but the plants were in excellent condition,yand G

was probably > 25 byMay G was 3.9, as opposed to only 2.5 in May 1973

(Fig. 10). However, a very heavy settlement of epiphytic animals5eaused

G to decllne fr0m mid July until ‘the end of ‘August when defoliation T
removed most ofgtthheavily epiphytlEed4Eatﬁfe4l5ﬁlHEE?AIEEVIﬁEAIEEiﬁae‘ff; ***** —

only on .the apical regions of the fronds and on very.small fronds which

@



N

_ were/only lightly epiphytized (Lobban 1976). As a result of these

than 0.7 m from the apex, and transport was only upwar;\¥¥ahle_§).

36

/‘,

coriditions, there was a'anBer of rapid changes in the translocation

Jattern, which the experiments for the most part were too few to more

" than hint at. . - -

-

All source blades in the February and March experiments were less

'Controis‘ror’harvesting experiments (descrihe& belou) in mid
June to late-July showed erratic results, most likely due to frond-to-
frond differences in the conditions of the source blades and the sinks
(degree of.epiphytism, etc.). Translocation practically ceased the

end of July, both at Ross Isléts and at. SannJose Islets (experlments

July 25 and August 1). Experimbnts Augué//28 and September 16, and

’ a

_controls for September 14 harvesting experiments, showed rather erratic

results again‘(Table,4)5 there was a change from a pattern close to the
fall pattern in Fig. 15 to only-upward transport. This change was

complete by September 24 experiments when there was export to the xogapex o

_only Erom all labeled blades, 0.15 m to 2.05 m from the apex (Table 4).

Durlng this time G rose a little from the low of 1.1 at the end of

s

August, but rema1ned less than 1 4 until the end of the growing season

inloctober, when it again fe11 (Fig. 10). 1In November there was almost
no translocation,‘as I had found at Wizard Islet in 1973 (page 35). The

overall patterns of translocatlon in M. 1ntegr1f011a are summarized in

'Fig. 15. Since the growth rates over the 1973 season (Flg 10) foIlowed

‘a typical boreal cllmate growth curve, the results for Bamfield Inlet 1973 .

are taken as the basis for this diagram, supported by the February and

March results from Ross Islets.
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Table 3. Synopsis of tranélocation experiment results on M. integrifolia’

at Ross Islets, February and March 1975, showing only upward transport.

3

fSEellegendﬁof Table 1 (p. 31). More complete data are given in

4-;;/1 Appendix Table 3 (p. 107). | - .
U mom .
d x° x+1° x+2° o x#3°
.34 m A == -
.35
.37 (&) - - T
. .50 A ,A Lo —
.56 A - - » k
. .58 A - - -~
58 A ’ - . -
.68 . - A - —- } -
.69 | - - -~ ‘
.70 - (A) - : Ce- - | '.‘
v



Tabierﬁ} Syﬁbpsis 6f,tfansl@éatidﬁrexperiment results for M.

integrifolia at Ross Islets, August-September 1975, showing a change
“from:an irregular pattern in August to only-upward transport in

. 1 B
Septemﬁ?). See legend for Table 1 (p. 31). More complete data are -

" given in Appendix Table 4 (p. 109).

o L _Frond o
d %° x+1° x+2° x+3° x'
August 27-28 -
.20 A | ' _— -
.27 , A A A -
<37 A - R
57 A | — e
. 1.49 , | — — — A
4 1,555~ . A A -
2.36 A @ —
2.64 - - -
‘September 13-14 & 16-17
.12 - ~—~ - -
12 - A - - — - -
34 | . —
B L - ==
P P
.51 A — e — (A)
.59 A (A) ©(A) - -

~-—cont--
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-
Table 4, cont. :
Frond
d x° x+1° x+2°
2.29 - -
September 23-24
-.15 A e
.15 A : -
.25 A ' -
.30 A -
.32 A
1.03 A’
2305 A -_— —

—

i il gonpnr et rOE SUCLEER NS



Table 5 Synopsls of translocation experiment results for M.

integrifolia at San Jose Islets in April and May- 1976.

-

40

More complete

‘data are given in Appendix Table 5 (p: 113). See legend for Table 1.

(p. 31). .
AN '
- Frond ' ' -
d x° x+1°  x2° x4-36 7 x+4 >
.26 -
30 R - - .
.49 A — - —_
.50 A A — _—
.54 A - _— _—
.56 A - - - —
.60 A —
.66 A A A A
.70 A A A A —_
.74 F — _— —_— -
.90 A o - _— —
.95 A A A - —
.97 - A \\\\\f_,4¥" A -
1.00 A | A g\ -=

1-36 U S — 7x', tA—— :




3. ~Experiments on deep M. integrifolia

°

" Two groups of experiments on plants 6.5 m below zero tide at
San Jos€ Islets in July 1975 suggested a more consistent -translocation

pattern, somewhat different from the shallower plants, and much like

the pattern I found in M. pyrifera (see ﬁélow). The first group of
experiments (Appendix Table 5) showed oﬁly upward transldpation,fbut
the second group, at the end of the mohth, showed no transport, as

found at Ross Islets at that time.

rl

Further gkperiments on this population were carried out in April.
and May 1976. The results (Table 5) Suééest‘that downward transport
began from yoﬁnger tissue than in Bamfield Inlet or Ross Islets planté
at that season, between 0.6 and 1.0 m from the apex. However, the
results were not as clear-cut as had been anticipated from fhe719f5
experimeﬁts. . |

4. Development of transloedigon in young plants

There was no export from the diétal region of the "apical" blade,
or the first free blade (2o frond initial) imn plants with the original
lamina (cf. Fig. 3b) ub to plants with the 2° frond initial’free of the

apical scimitar (cf. Fig. 3e). Experiﬁents on older plants showed that

the export pattern fromﬁtheffir§t~fewwbladesftofbe~cut~off”the“épitai R
scimitar was difﬁg;gg;,itp@‘latei,bladgsgat_;imilargdistaneesgifomgehe——rvg’fg/ggf
apex. The first blade to be formed (2° frond-initial) exported from -

soon after being cut off the apical scimitar (approximately 0.1 m from
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Figure 15. Diagramatic summary of Macrocystis integrifolia transioéation

pattern in spring and in fail, based principally on“data from Bamfield
Inlet plants, May—Jﬁne, and August-October, respectively. Diagrams
are not to scale., Arrows indicate import or export, and the direction

of export:

) - : ‘ f upward export N .
‘ downward export
-~ 1import, no export
-«+— predominantly or exclusiveiy export-
=== import + export

-~ some import
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the apex) at least until three more blades had been formed (Table 6; Fig.

16). It began to import whren downward export began from the blades above»

it.

The second blade formed, which normally beoomes a sporophyll, also

~ H

began to export soon after being cut -0ff the apical“scimitar (about G.07
m from the apex), and continued to export at least until 11 more free‘
_ blades had been formed. The third blade which mlght form sori began

export iater, when there were 2-3 free blades above it (ca. 0,10—0.25 m f’

- L

from the apex); somegddwnward export began around 0.75 m trdm the apex.
/' ) . . .
Export may cease soon after the blade is 1 m from the apex, but there is

on1y one experiment to give evidence on this.

As the number of blades on the frond increased, the distance from

the apex to the source blade at which export began became closer to the

distance found for adult fronds, approximately 0.3 m (Fig. 15).

Two ekperiments on the free blades of very small 2° fronds showed
no transport; on the contrary, all blades on such fronds are importing
from the lower blades of 1° (Fig. 17). In all subsequent frond generations,

the first few blades on the x+1° do not export (see II.1, above)

e
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Table 6. SynopsiS'of translocation é§periment results on young planﬁsa :

€

of M. integrifolia. Experiments were conducted in the laboratgry or

in the frond apex; 0 = no eXport.

Blade number

from base of

“

J}n the field; more'defails/in Appendix 6 (p. 116) A = activity found

(See legend to Table 1 (p. 31).)

. Totalvpﬁmbgriof free blades

1 2.3 4

)

,

ot

677 8 9 10 11 12 13 14 15 16

frond
1

2
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Figure 16. Experimeﬁt on a you plant of M. integrifolia showing

. S ‘ ,
export from a. 2° frond-initial to the apex of the very short 1°

vfrond. “(Plant # 111, from the populatibn'tréns%efred to Wizard;

It. Experiment in-situ July 14-15 1974.) Numbers are dpm/10 mg
dry wt. Labeled blade shown Stippled. '(The\fronds have been

twisted around (cf. Fig. 5) to show the blades and data more

clearly.)

)
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red

Figure-l7; vTranélagatiqn iq;yqung 2° fronds of ﬁ.,intégrifg}iéfwwkéi
1abele&’hléd¢.oﬁ;the Zorfrbnd, showing’ﬁo ékport; (b) labei;d bi;de
Alow on lo, éhowiﬁgvimpdrp‘df.aésimilates>by 20.‘ (a: plant #137,
August 12; b: ﬁlant #lé&;JSeﬁtember 8 1974.) VNumbersjarerradio;»

activity in dpm/lO’mg dry wt,“LabeledAblade shown stippleg.
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(see below).

w

5., Harvesting and translocation

Export from 1abeledvb1ades on fronds lacking the apex was
exclusively downwards (e.g. #13; 37, 43, 45 (Appendix Tables 1 and 2));

blades above the labeled blade did not accumulate activity. Similarly,

there was no import b§\¥oung fronds lacking the apex (#21; 37, 39)sz:>

Experiments conducted in 1975 (Table 7) showednthatnupwar,

transport continued if elther\the apical scimitar (#214), or the i ture
free blades (#215, 217) were rehoved but not if both were cut off ( 11,
216). In a few experiments (e.g.\f}70, 171) there is an indication of

a surge of aseimilates upwards, towarﬁg\the cut, immediately after
cutting; but this surge is shown to be ehbrt-term (one or two days) by
the prior-cut controls (Table 7), the fronde\at Bamfield Inlet which
lacked an apex, and the experiments in September\gTable 7) in which the

apex and/or immature blades were removed 4 days before the experiment

was begun.

IT. Translocation in Macrocystis pyrifera

Short-term experiments (Table 8) showed some translocation after
5 h, both to the apex of the labeled frond (C1, C4) and to the juvenile'
frond (C2). No actiﬁity was found outside the 1abe1ed blade in 1, 2,

or 3 h experiments (C27 31), but this may be due to the labeled blades

hav1ng been only about 1 m from the apex where export is just beginning
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Auteia&iog:aﬁhy—(Fig1 lBa,b)-shewedEha%,asiﬂy:%,ig\tégfifelia,ﬁ~
import of ll'C is only by the proximal, meristematic region of ghe blade.
These figures show an increase in area accumulating activity as the
blades matured. There was a gradation in activity from the pneumatocyst
toward the distal part of ﬁhe lamina. There was a smooth curve of activity
in the 25 mg samples of blades (Fig. 19) versus blade number from the

(3 - . - »
apex, with a peak in the blades immediately below the apical scimitar.

‘1. Macrocystis pyrifera at Arch Rock

This populagion was the one I studie?/igz/;ost. The reéults
(Table 9) show thét there was at first a per%od,during which immature
blades imported but did not export. A; the ;thance of a blade from the
apex appgroached 1 m export began (Table 9: C9Z\f£O (Fig. 20). The blade
was still not fully grown at this stége, and import continued (Fig. 19).
There was a transition region from about 0.75 m to 1.1 m during which

export began, but I cannot determine from mysgxperiments the distances

from the apex which a blade was both importing and exporting.

Downward export began when the blade was about 3.6 m from the
‘apex, the transition region in this case being rather wider than the )
first: from about 3.5-4.5 m from the apex. The two 2° fronds in Fig. 21

show this difference in export direction with blade position.

"”'THé‘IéSE*ﬁhéééﬂiﬁWtﬁé’éiﬁbft”ﬁﬁﬁtern was only-downward transport,

— - and {or followed by) a period of senescence of the blades during which

PP e LT
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Table 8. Results of short—termrexperimeﬁts ﬁnrﬂ;réé;ifera, San ClémenUr
I., October 8 and 21. In the Oct. 21 group (C27-C30) the length given
(in b?hcgets) is the amount of frbnd harvested, not total length. The
labeled blades were removed froﬁ the Bags at Harvest, rinsed 1in
unlabeled seawétér, and dried in darkness. Experiments are arrangedr

in increasing duration. A complete list of abbreviations and conventions

used is given in the appendix.
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c27 1 1.5 1.07 22 % (1.78) 0 0
c28 1 8.0  0.99 54 X% (1.68) 0 0
c29 2 1.5 0.94 304 T % (1.35) 0 0
C30 2 - 8.0  1.12 251 x % (2.06) 0. 0
€31 3 1.5 1.07 n.s. . %% (1.40) 0 .0
C4 5 140  0.31  ns. 1% 0.98 429 496
1° 6.9 o0 0

cL 5 13.0 1.59 n.s. x°* 3,39 268 363
«1° 0.33 0 0

S - o x#2% .07 0 6

cz 5 12,0, 3.35 __n.s % 6.27 0 0
x'  0.24 1175 1597

c3 5 11.0 5.38 n.s. x* 9.63 o 0.

e e el b Rt b e -
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Figure 18. Auteradiographs of the apices of (a)%; mature,grpndﬂ,,ﬁﬁ
(C9O-20), and (b) a young 1° frond (Cil), in bothjcasés on the same
frqnd as the labeled blades, which were, respe;tiveiy, 1.65 m and .
0.60 m from the apex. The outlines of the non—radi;§ctive parts of
the blades have been drawn in. All the blades in (a) were attached
to the apical scimitar before pressing; the jagged outline of the

first free blade in (b) shows-that it recently tore away from the

apical scimitar. Scales = 50 mm.
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Figure 19. Graph of activity in the single samples from the proximal

regions of each lamina as a function of distance from the apex. This

example is the juvenile frond of C6 (cf. Fig. 26) which had a length

’

of 1.03 m. The source blade,,labeleq/for 48 h, was on xo, which

i

lacked the apex. - Because the radioactive area increases in immature
blades (¢f. Fig. 18), this graph is not a representation of total

import into the laminae (see text). Blades were probably mature

»

‘from about #13 on. . ' ;
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Table 9..~Synopsis of translocation experiments on M. pyrifera at Arch
Rock. Upward export to x° apex 1s seen in the .87 m éxperimént, and
1.27 m below; downward export is first seen about 3.6 m from thé apex.

See legend of Table 1 (p. 31). Further data given in Appendix Table

9 (p. 119).
' Frond | o
d x° r° x+2° x!
.18 : ' - ‘ -_— _
.22 ‘ - ' _—
.25 | -_— —
32 - - — )
38 : - _
.38 e - . 7
.39 ‘ , , - _—
.40 | | _— —
.46 S - -
.50 - - -
.59 ‘ : | - T m
.66 o ' ’ - - - —
.87 T A , _— S - -
ijﬁrf,, e ,;::;;3_7 - s - -
121 A - . _—
1.65 A o |
1.96 A — : ! —_— , -
-—cont——

Bt st i 0 Y B3 B Sl



Table 9, cont. -
Frond

d x° Cx+1° x+2 x'
1.98 A

2.22 A - -
2.52 A ) - -
3.32 A

3.45 A —_ —_—
3.61 - -
3,64 A | A A
4,62 A — -
5.13 A A
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export of currently—labeled photoassimilates declined. This phase had

very diffuse boundaries, but began approximately 6 m from the apex.

Apical scimitars (C80, C86) and frond initials (C74—76, Cc78)
did'ﬁot expoft. Some export was found from spprophylls on very old
fronds (C13, C79), but it was very low; sporophylls were often sinks
(Fig. 26a, b). Sﬁorophylls and frond initials imported from blades low on

the frond which were also exporting to young fronds, and/or from the

lower -blades of x—lo. No activity was fouﬁd in the growing haptera samples
(e.g. Fig. 21). The various phases of import and export are summarized °

in Fig. 22. ’

, Dowﬁward export was directed to young frondé, rather than to
older blades belowvthe labeled blade. A;y young frond eiose to the
frond with the labeled blade received Agsimilates. Thus in C32 (Fig. 21)
and C37 both 2' and 4° cﬁn;ained activity from 20, and a very small amount
of activityrwas also found “in 3°. However, 3° was quite long, and the
immature blades would havé béen sﬁpportéd chiefly by magﬁferbladés oé |
the 'same frond. Activity did not pass from one side of the plant to the

other (e.g. C43, C52; Fig. 24a, c.).

Fig. 23 shows the general case for export to juvenile fronds.
The x° would be supporting x", and x' if this was not long enough to -
support itself (cf. Fig. 21, C32—3°); x° would probably no longer support

the ®-series of fronds, since x+1° would be mature and supporting x+1'

and %+3°; x+2° would be about the same Iength and maturity as x'. When

dewnward'transportffrom4x+29AbegiHSAitAmay‘support‘x*Il‘fas well as

3% and xH°).
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Figure 20. .Example bf'ah“eﬁﬁg}iﬁeht 6ﬁ a blade, 1.92 m from the apex,
exporting only upwards. Diagram not to scale. Labeled blade shown

stippled, and marked with *. .n.s. = not sampled.



T o sop
) / 13700 &

7
15830

16660

12800 o

15450
156530

14000 —
14590

14171
12970
12820 ,
11670 .
11240

Y

98i2
7925

131

161
410

not sampled __/

WO R oo 5 1

*

S

blades

)

n.s.

e

O
(s}

k \ &*—7 bl."ﬂ-\




& * . 7 A S B [

= . : A

- . :
SN . »

e

Figure 21.. Change from only-upward to ubwafd and downward transport.

RV 7~The~twoghalves_bfAthisgpiagL;weré_alﬁQsL,idenLical_ingfrond lengths.

The labeled blade was dnlthe 2O in each each. The two 1°'s were

. absent. ?he labeléd bladé on C33 (rightlhanA-half) was 1.98 m from
A the® apex (4l§t?bladé), and éxﬁortéd anlyAto the -2° apex;;whereas the
>lab;ied blade of C32, 3.64 m from thé‘apex (47tﬁ blade) experted both
e upward to the 2° apex, and downward to the .2' aﬁd 46‘fronds; and,rto .
b a small extent ﬁo the 3°. .In qther experimengs it has been ;hown that
actiVif& from one half of fhe plént does ﬁot cross to the othér; No -
¢ . dctivity vad found in the haptera tips of this plant. Data #n dpa/10
\\— mé déy'wtf‘ Labeléd blades shown stippled and méfked Qith %,
. . } .
\
\“;_: ] v 5 ¥
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Figure 22. Diagram, not to scale, to fsummarize‘rjirtgpgrt/exp'@tg»", and - \ o
export direction pattefns in mature fronds of Macrocystis pyrifera. B
f)ow-r;war;i transport gekes assimilates out of the‘i frond to juvenile
fronds, usually without labeling blades Pelow the source exéept
sporophylls and frond ixrga‘ls. , S
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Figure 237 piagraﬁ, not to- ey of‘exﬁd%i‘from*suurceubiadES“on%**“~**M*“*“‘“*MMM

mature frondé of M. Ezrifera ich are exporting partly or wholly

-

downwérds In thlS;general dlagram, the x#1° would be similar to

g the 2° of c32 (Fig. 21) Further detalls in the text.

£~

R







2. ﬁacrocystis pyrifera at KerckhoffaMarine Laboratory

- "/’j - v | ) - )
In contrast to the well-defined pattern of export.and import
N , : o, :
a - . . 4 ¢
found‘in the Arch Roch population, the translocation pattern in plants

- - -

growing 1-2 m below low water «n Newport Bay was 1ess clear (Table lO),

LAY

although ba51cally the same ‘as at Arch Rock of course, because the

[

fronds were.much . shorter than those-at Arch Rock ~— only about 3 m long

when full grown ai_the transition regio‘k,are not expected. at,the same -

’
’

distances from the apex.

EY -
- &

* Within the eiperiments carried out, all?fronds showed. transport .~ .

- to the apex of the 1abe1ed frond, except C40 in which there was no
—transport at a11. Although the blade number and distance from the apex

-

in this frond would reasonably suggest the blade was nature blades closer
to the apex (e.g. C&7, C45, C42) did show upoardgtransport in all these N
cases the blades'were notafully grown. Import frequently dropped off
'sharply 5-l0-blades behind the apex'(?ig; 243; cy compare with Fig.rlé); ;:7-
suggesting that blades are formed slowly enough that the first few free
blades have enough nature tissue to export photoassimilates. The’ closest
blades to the apex that were labeled were on C52-(7th blade) and C45

-

(8th blade), both of which showed upward transport.

Transport was exclusively upwards until the source blade was about
o _ ] SR
1 m from theapex:—€46—and €43 also showed downward transltocation; although———

in C46 (Fig. 24b) the closest young frond with an apex was 4' (3' bo{e

_—
the labeled blade), and 14C was not found outside the 3!'.
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Table 10. - Synopsis——vorf franslo‘caizion”eXpériment ‘results -for M. ,_E;zfifera
at Kerckhoff Marine Laboratory. See legend for Table 1"(page "3 1). .

More complete datav are given in Appendix Table 10 (p. 124). o
K ’ : .
: - ~ Frond < 794:'“”'1 — : -
) ;777Hﬂ o R o ) J R
- i d x° x+1? : #+2° x' "Othe'r
SRR v R N ¢ R e N S
o - . v ® .
44 A —_— -
. . 8
. - L €7
.61 A .
L .66 A - - -
.74 A - - - -
.90 A ’ ) - — ) - \)o
‘ » * . -
1.03 A : - , —
1.32 (A) - — ¢
1.37 A : A A —
R o
7 7\7 - T E\
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Figure 24. Examples of experiments at KercKhoff Marine Laboratory, f//

" M. pyrifera 1-2 m below low water.. Labeled blédes stipbled and marked
. - S B SRR
with *, : : : v

S r .
(a) 'C52: The experiment with the labeled blade closest to the apex,

activity crossed into the right hand group of fronds. Note the sharp
drop in,impbrt between-the 3rd and 5th free P}g@gs.fygm the apex of
the labeled frond (4°). Soéurce blade was judged to be "only just

mature” at the time of the experiment.

(b) Chéb: The oldest M. pyrifera studied, as far as could be determined..
In .the K.M.L. plants the haptera did not obscure the lower dichotomies,

>

so that it was possible to trace. fronds further. than in Arch'Rockvplants.
‘Translocation was ﬁpWérdé and downwards, but not out of the frond. Note
that the labeled frond's juvenile (3")'iacked the apex.
(c) C43: The experiment with the labeled blade farthest away from the
apex, showing both upward and downward translocation.‘,Note‘that although

o o . S s 14 o o
the 3~ and 4 on the side of the labeled frond received =~ C, and 3 and 4 .

on the other side did not. Note the sharp drop in import between the 12th
' : ’

-and 13th free Blades on.the labeled frond (20).
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Table 11. Synopsif of translocation experiment results, Santa Barbara.
. ‘ ? o 7
. See legend of Table (page 31). More details are given in Appendix
Table 11 (p. 127).
’ Frond
d i x° - x+1° - x42° other
Lol
. 43 - ) - - - p
. <«
44 A - _— :
\ i
.75 A ', e e S o
«75 A ' Coe= RN
1.22 - -—
1.52 A -— =
1.68 ° Al A _ — —
1.80 A " = -
1.94 A - - S R e
g ‘ [
2.35 A - - '
\3 . ST o
Z.Z} A ' - — et
3.00 | ‘A -~ -
3.93 ‘ - (A) (A) -
. 3
- . , RS -
444 ' A -
— S E . .
6-26 . . ‘ » —— 7 . ‘ ’ ‘\“
i 6.54 - _— __\
6.64 (A (A) -
. 7.90 - --¢ A .
x lacked apex - activit{r in'fbése‘ of ffond' only—. £
F
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Tahle 12. Translocation from source blades on primary fronds.
Experiments at Arch Rock, California. See Appendix for list pf
abbreviatiochs and conventions. .
.
°Notes: - 1. Source = 2nd + 4th -free blades (3rd m_issirig)
2. Source = 4th + 5th free blades' - -
v . - » . ! 7 ) A "{ *
3. Radioatiive: see Fig. 22b. R
- .
L
5 .
- 4
. _ -
. . aes oy
' . ™ - g ‘/r"
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T e : (m) apical scimitar aetivicy
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o ‘: o : : :
Figure 25. Two examples of export by b—fa_dgs,_orx:pnimanleS)_Jf_r,onds, ;

Note “that the source blades in C96 are well within the ‘region

importing in -C89. Labeled blades were 0.18 and 0.49 m from the

apices, :ee#ég&i:ii?, in the region in which in subsequent frond
generations ther®{s only import‘(gf. Fig. 22).
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s
Figure 26. Effect of apex<lo$§7onmtranélocation to the juvenile frond.

Eoth cases é?érﬁsrézrifera ffom“Arch4R;Ck;“and'weré*éipdsédmébﬁfiﬁﬁaﬁglifufé”‘
to 14C for 48 h (Table 9). (a) C8: ‘1abeied 51ade on ffond with terminal
'blaée (nongrowing apexj, Fédioéctivity in‘samples froﬁ sporophylls of

x° and sporoph&ils and apex of the juvenile frond ofrthe orﬁer of lO3
: dpm/10 mg dry wt. (bj C6: very similar pair of fronds, ,but w?ih”xo
1§cking the apex, activity in samples f;om juveﬁile frond and base of

«° of the order of 10" dpm/10 mg dry wt. Labeled blades shown stippled

and marked with *,

o .
° > -
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‘there was anincreasein*tﬁynsioeation”totheyoung’frondif'thelaBeIed.‘

Lo &

3

3. Macrocystis at Santa Barbara®

The translocation results (Table 11) show a similar pattern to

plants at Arch Rock. Export began in younger tissue, at aroqnd'0.45-m‘from "

. 3
5T v

the apex, but this is probably because the plants were,growing'in shallowér

.water than Arch Rock plantsékand were therefore shorter. EXport was - .

eXdﬁusd?ely-upwards\until the blade was about'3 m from the apex, below

which ‘%é 1ittle export found was chiefly downward into young fronds.

4

(c70 stands as an exception: 1ts 1abeled blade, 4.4 .m from the apex,.

e

exported oniy upwards:)'ﬂr '_1 o . S ' el

r,,AT\\Eranslooation in 1° fronds of M. pzf%fera" ) S o '
N ' o : , ) o
Export fro? iaheled blades on 1° fronds began in much voynger

tissue than was thé case for later¥formed fronds (Table 12). Source

blades 0.15-0.60 m from the apex showed only upward translocation. The

region of import + export seems to be wider than in later fronds (Fig. 25) L

5. Translocation in‘fronds'lacking the'apex

During the course of this study several Iabeled'bladesuwere'on
fronds 1acking ‘the apex, in addition, the young frond of C46 lacked. the
apei& There was no upward transport in any of these cases. = Comparison

of C6 and C8 (Table 9; Fig. 26); or C71 and C72 (Table 11), shows that

frond lacked the -apex. . o S — e

T
8
s
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I. TranSIOcationgpattern in Macrocystis . , . Do 6;@5“‘

In Macroczstis,vassimilates from the many mature, source blades
between the immature blades and the sporophylls on a frond are’partitioned'

between the nearby apical growlng points (strong s1nks) and the sporophyIls, -

frond initials, and probably the holdfast (weak s1nks) Translocation in
this genus thus follows tde.mature—source to,meristematlc—sink pattern

’ described for Laminaria spp. androther small kelps=(LUning_§£;§l. 19?3,“

Nicholson & Briggs\l972; Schmitz &~Srivastava,1974, 1975, 1976; Schmitz'

& Lobban 1976), but a new dimension is added since as many as 4 apices

~

may receive assimilatesvsimultaneouSly from any given source blade,
depending-on (l),the position of the source in relation to the apek of
its-frond, and (2) the lengths of the nearby juvenile fronds. The
translocation pattern of a blade can‘be correlated with its distance:
from the apex, which is a measure,of its maturity. Similarly, import

into a juyenile frond depends on its maturity: fronds of abont 2m,

length in M. integrifolia, 3min M. pzrifera, have mature blades, and no

dlonger import.

. ’ - . - @

The short-term experiments on M integrifolia show a lag perlod :

s

of about 4 h before 14C is. detectable in. the frond other\than in the

labeled blade.. This lag, whlch is ‘not fonnd in hlgher plants (cf Fisher ;V

JERSESS O 25— gy

k’
1975), can be interpreted as the time taken for (1) upgeke and fixatien

N B -
of labeled bicarbonate, (2) build—up~of 14C in,the pool of: assimilates to I

- >

_ . B LU St

.\



"be loaded into the 51eve—e1ement system, (3) time for the loading and

2

utranslocation of these labeled a531milates, and (4) time for accumulated

14

c to- reach lOO dpm/sam le. Parker s (1965) single experiment on an ;,

intact frond of M. pyrifera in situ showed a small amount of activity

in the apex, 2.5 m from the labeled blade, dfter 4 h. I obtained slightly

*”“higherrvaiuesrinrmyrS“hfexperimentsrongthiSASpecies;Wbutedidenetefind

export after only 3 h.

_ ‘ Y . v e
- The distance of the blade from the apex at which export began

T -
. 3

correlates, in M. integrifolia, with the distance where Sharp (1974)

found lamina expansion to be'almost completed (0.3 m from>the apex).

=]

I have noqdata on the position of.the blade in M. erifera at which
lamina expansion is complete, but ongthe ba31s of the translocation - o S
results I would expect»lt to be between 0.5 and 1.0 m from the apex. ‘On
‘the basis of vascular plant findings (Turgeon & Webb 1973, 1975),'as,well
as evidence from other kelps (LUning et al 1973; Schmitz & Srivastava
1975, 1976 Schmitz & Lobban 1976), I expect that the distal‘region
of the immature blades, which autoradiography showed to be non—importlng,
would be supplying assimilates to the proximal region. I have not con—', .f

. 3
ducted experiments to verify this, and it may be that it only supports

its own growth.

The graph of activity in the sample from ‘each blade (Fig. 19) is’

_ by no means a graph of a531milate import by blades. However, in con-

o

I -

14
junction with the smooth ;ncrease 1n lamina area accumulating ;C, seen

in the autoradiographs, a curve for’total import-and-exPortﬂby the laminae -

R



A ’

’ ’given by Turgeon & Webb (1975 fig. 7).

-sieve element -systemand the fact that the filamer

would probably be similar in shape to the graph for Cucurbita E po L:

-

1]
1

wa attivity (and occasionally hdghhactivity).was often found

in mature blades, particularly those close _to the labeledvblad%b In

Macrocystis this might be attributed to the reticulatérnature of the

§ are not organized

“into discrete bundles. However, many blades along ‘the transport path

did not accumulate detectable radioactivity in 24 h. &»Thrqwer'

'(1973)7pofnt out that Aronoff's (1955) report of no movement of labeled

assimilates from one leaf to an .older leaf has been confirmed many times.

However, the following statements by Canny & Askham (1967) perhaps offer

an explanation of ac‘&vity in mature blades: "The mature leaf is a highly;“

specialized exporter of sugar and cannot be made to reverse its polarity.

Yet it is equally well kndwn”to'all who _have made.this kind of autora— .

»
.

diograph that there is almost always a faint image produced by a mature

leaf which is disﬁissedbas‘beiﬁg insignificaht. cos Itvseemed to us
that this faint image ... might represent the labe}ed contents ofAthe
phloem translocation system diffused about the leaf during drying, and
dimmed by shielding of interposing rissge."‘)fhey concluded that traeer

may spread into an expdrting laaf, agains%;a netrmovement of non~tracer;

but only as far as the unloading boundarie¥. I point this out eSpecially

since my method of drying would have allowed tracer from the whole stipe

’fbetween the*svurce braﬂe and the mature blade iﬁ question to have dif—

i LI

fused into the hlade._ Although,it,has more recently been shown that .



“,

certain conditions, such as darkness or C02—starvatipn can reverse

the polarity (Heyser ég'gl, 1975; Sthﬁité & Srivastava 1975), radio-

lactivity in m@tufe blades of Macrocystis can likeiy be dismissed from

a consideration of translocation under normal conditions.

:

. o . ‘ : ‘
There is both export ai% import from blades of Macrocystis for

a.short (but as yet undetermined) time as they approach matt

.

magnitude of export and import is much greafer than cbuld be accounted

for by diffusion against a flow of non-tracer assimilates. Temporary
N 4bi—difeétioﬁél"translbcation when export first begins is well known in

- vascular ‘plants, and is a COnseﬁﬁence of export from the tip of the leaf

and import by.the base (Jones & Eagles 1962; Turgeon & Webb 1973). It

. - - i . B
is a little harder to see how such bi-directional transport is accom-

=3

. - plished in a reticula;e'system‘of”Siéve elements -than in discrete
phloem bundles, bpt sélectiVe callose deposition may well play a role
) i ‘ : 7 7 s weS P yRabtae

~in separating the—imertingaghd exﬁbrtiﬁg parts of. the reticulum. -

Certain of the M. Ezriféra expefiments indicate a decline in
accumulation of radioactivity in the proximal yegions of immature laminae

with increasing age of the labeled blade. However, other experiments

showed that other factors must play-méjor foles in determining~the

amount of rédioactivity'ih the sinks, which my -single-sample, quali- |

tative experiments were not designed to resolve. These factors might"

L}

include total photosynthesis of the labeled blades (dependent on health,

N lightaconditions,'étti},*éfdbth’rates of thé*slnks,utemperatdre‘during' T

L,
oo
¢ A

1 , N - . L
the experdiment, depthis of source and sinks, and so forth.
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2

My experiments do not take into account carbon fixed by the blade before -
the experiment begen. 1f seneécing laminae export storage carbbn, <

as- for example tobacco leaves heGe Eeen"found~t9'd6 (Shirdya et al.

Ed

1961), there could be substantial undetected'translogation fo younger

blades or fronds, and this material would also dilute any newly-fixed

3

" carbon being exported. , - -

I

Transiocationri; 16 frpnds, which giow without benefit of a
parent frond, shoes a‘diffe:ent patfefn from that in subsequent froed
generations. Expore was ﬁoﬁnd from sporophyiie.and frend initials eheg,/
they had just Been freed from the apical scimitar,-until mature sterile

blades had been formed. ) » *

4

[
—

) . . )
II. Translocation and the environment of M. integrifolia and M. pyrifera

Two features of the environments which -differ significantly -
- & ’ - :

' between M. integrifolia and M. pyrifera, and affect translocetion, are

seasonal fluctug

ions, and the depthe of the plants.

7 The/iransition‘regions -- where downward translocation begins,

and where fupward tranéport ceases —-— change with ‘season ineﬂ{bintegrifolia,
and are/modified by'changeszin,grdﬁth rate. I interpret this change

as' a c;ange from principally upward transport Supporgiﬁg growths of

existing fronds which have survived the winter, to principally down-

2ransport.supﬁorting sﬁbrophylls (reproduetion) and produetion of

nds (propagation andhgverwinteting}.a~§rowth'6f ygfgzrifera&inlt

N - \
- P B

s . ~ e . T
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southern Califbrniarvaries 1itt1e'tﬁroughout the year (North 1971), s
. . / . .

* - ?
that one doés not anticipate changes in translocation pattern from -

growth to storage (LUning et al. 1973 found that Laminaria saccharina,

which groﬁs all year, translocated throughout the winter; whereas L.
hyperborea ceased groy@h'ip the fall and stored assimilates in the .

lamina for the flush of spring growth): Nevertheless, the experiments

on M. pyrifera, which were all éznducted ink0ctbber and’Noyember, ﬁay 4
-not represenpig year-round pattern of transloggtion. At thaL time

the ﬁitfate and nitriteVCOneentrations werereéf.lbw in‘the surface
waters at Arch Rocy and San Clemente Island (NortH & Anderson 1975).
North (1975) notedvthat, "The kelp bed‘at Cameo Shores [Arch Rock] dis-
played a quife noticeable canopy deterioration at this time [chéber 21
1974], presumably from adverse wéter_temperatures duriﬁg summer and.early
fall."™ Iﬁ\éphld be that Sﬁbsurface biades (whiéh”were iaBeled in my

3 -

experiments)?were exporting more to their own frond apices at this time,

at the expense bf the juvenile frogdé, in order to supplement the apical
nitrogen supply. The translocate of Macrocystis is known to contain a
high proportion of amino acids (Parker 1966; Schmitz unpublished); and

it is quite possible that the apical blades could retain the amino acids

- for growth, and excrete the excess c¢arbon; immatyre blades of M.

integrifolia have been shown to excrete 4C received from a source

,bladé‘beloww(Fankboner,&ﬁDruéh1;”1976),Wand;two,phytgplanktgtsﬁhayg;;%v

been shown tov;gkeggpmgmind_ggiqgffrom seawater and preferentially retain
the pitrogen (Stevens & North 1971). ‘The fates of thefca;bon and the

 nitrogen in the translocation

R

stream have not been investigated, nor is .



the composition -of Macrocystis exudates known. (Some nitrogenous

s

materTals -- as well as carbohydrates -- were exuded from Laminaria
2 ‘ N =

" spp., following desiccation stress (Sieburth 1969).) The quantity of

assimilates received by the juvenile fronds,vas fgr as I .can judge

from my qualitative experiments, is low. The young fronds are growing

1n-4eep, poorly lit water, and are likely dependent on assimilates

, . S T -
from the parent frond for growth (Sargent & Lantrip 1952). North (1968)

/

showed acdecreasevln the growth rate of young fronds when their connection

to the parent frond was severed., (However young tissues of Laminaria
have been found to have extraordinarily high rates of dark4002— C T .

fixation, both in light andrin darknéss (Willenbrink, pers.'comm.)
Vand‘this might.also be so in Macrocystis.) Ig\the adult frond apices
in)my‘experiments were indeed serving as unusually strong sinks, ther |
-translocation pattern at other times of year could be expected to differ
» from the’one I found 7in the following‘ways (1) if more 1ALC'were_
imported by the young fronds it might become detectable ithin the 24 h
'experimental period; (2) upward.export might begin later, akd would i
probably end sooner; (3) downward translocation would probahly begin

sooner.

. g . .
- The actual distances from the apex to the transition regions

-depend on the overall length of a full grown frond. In M. integrifolia

(1-2 'm below low water) export began at 0. 3 m from-the apex, while down-
3 : St

_ward transport began about 1.2 m from the apex in springr 0.5 m in fall

For M. pzrifera the transition regions were at about 0.5 and 3.0 m-at‘;, )ﬂRﬂ

*

Santa Barbara (5 m below low water), and 1 m and 3.5 m from the apex at

~

5
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" sArch Rock (8-10 m below low water). As far as I can determine from
the low number of experiments, export in. the shallow M. Ezrifera e
in Newport Bayvbegun 0.15-0.3 m from -the apex. The results of M.

integrifolia were rather more variable than those from M. pyrifera, .

which I attribute.partly to the.more fluctuating environment of the

shallower plants. In general the shallower the plant, the shorter the _

fronds, and the closer the trapsition,regions to the apex.

Macroéistis has a surface canopy which shades deepér parts
of the plant, but also provides assimilates to them. !The deébér’thé o T T

tissue, of course, the less light it will reééive, because of light _

[}

attenuation by the water column, and the more important will be the
Essiﬁilates received from older parts of the plant. As a young frond

grows, it develops mature blades and elongates iptb‘greater illuminated

’

water, and import fromsthe other frond§ declines and eventually ceases.

' . Lo ke ' oo
Thus translocation tggiuvenile fronds sjould be more important in M.

_— R .
pyrifera than in M. inteprifolia.

I1I. Harvesting, and apical dominance

' . The immediate effect of cutting the apex of an M. integrifolia

frond was; apparently, the creation of a sink at the wound; 14C

-

accumulated in,theﬁblAde(s),iﬁmediately,below_thegcutlygThe;explanation;ﬁﬁ,g,gﬁgﬁu_f,

PR

of the surge of transport may be simpiyhthat it is a physical function

of éevering the sieve tubes: Milburn (in Hébant.1975, p. 222) suggeéted



W
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1

" ...goes a very long way to draining the turgor pressures

that the cut
from the whole system." If this is the case, then the sieve sap which

replaces the sap which has exuded_could contain a considerable amount

of l[*C in my labeling expeffzente; There would then be a diffusion -

s

of 1[*C agd&nst, or in the absence of flow from the mature blades near

I _the cut (Canny & Askham 1967)._ Whateverrthe exglanation for the

activity near the cut, the effect is a short-term oné, one or two days
~at most, and subsequently the assimilates which were going to the apex
of the cut frond are redistributed to-the remaining sinks -- apices of

young fronds, and sporophylle atithe base of the cut frond.' In my

qualitative experiments this inorease is not apparent in M. integrifolia,

but. can be seen in M. pyrifera; the change in pattern is clear in both

species. .
<y
Clendennlng (1968) thought that harvesting affected. the kelp

LS

chiefly by 1ncrea51ng the penetration of 1ight, and decrea31ng trans-
; location. However, harvest;ng seems to increase the translocation to

the young fronds. The'combined effects of franslocation ahd 1ight'v 7

should result in the canopy reforming fhster than would be predicted
2% i

PR from the growth rgtes of che young fronds alone." 0f course, the amount

.= - Q-

- . of extra carbon they recelve will depend on the amount of mature tissue
- : 5

left on the parent'frond —- there must be a point where the amount of

source tieeue7io§t7iéﬁequeimfomthefeﬁouﬁtﬂofmginﬁyloét7‘1f"more tissue

fronds completely from kelp plants resulted in a marked decrease in the\%%/

is cut off, growtn of the young,rronas WiiI‘bE‘impHirEd"‘SEvering‘ibng““\“““*
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I3
- -

growth rates-of the short fronds (North 1968).~ But, as North (op.
cit.) found, the overall reaction of a plant to cutting was very

variable, depending particularly on the amount of tissue in' the canopy,

amount removed, and the light increase resulting from cutting.

The difference in translocation to the labeked frond apex

compared with the juvenile frond apex, and the very markéd increase

o4

igJeXPGEEAtegthe~juveni1e4frond¥when¥the~apex*of*xgiﬁ?ygr“*riﬁéra is

lost, indicates apical dominance in“Macrocystis. The question of

- : . A
hormonal activity in kelps is stjll wvery much open, but evidence’ is

accumulating to implicate hormonés not only in translocation, but also

in fructification .and senescence.

-

Y

IV. Translocation in Macfocz;tis and in vascular plants

-

N :
The pattern of import and export from maturing laminae of

Macrocystis shows great similarity to the pattern well known in many

# , . ‘
dicotyledons (Shiroya et al, 1961; Hale & Weaver 1962, fig. 23; Thrower

o s e

'1967; Larson & Gordon 1969): immature leaves import only, but when half
to three-quarters expanded begin export, first upwards, then downwards
out of the shoot to storage or younger meristems. The massive support

of flowers and fruit in angiosperms contrasts with the geﬁérhlly low

import of 1AC by sporophylls of Macrocystis, but production of flowers

S SRR S S S e [ — J—

éﬁd fruit occurs late in the life of the plant (or in the particular

growingrgeason), and often involves relatively massive structures. In

ek L

T



contrast, sporophylls are among thé first blades formed (cf. p. 13),

and they are already large when split off the apical scimitar.
- . ) ,
Frequently, but net always, the sporophyll branches and may become

very large. However, this' takes place over the whole life of the
. , .

fropd (about 6 mo. —— North 1961) and even beyond (since the lower >

part of the stipe bearing the sporophylls frequently remains when the

rest of the frond has deééyéd). Photosynthesié in the sporbphyll can

parti§ meet the respiration requirements (L.D. Drﬁéhl,‘iﬁ prep.). - Ib
is therefore not surprising to find that, in a 24 h peiiod, the amount
of rédioéctivity accumulated in sporophylls is low compéred to fast- .-
growing tissﬁé. . |
| M;croézstis alsg differs sOmewhatlfrom dicotyledons in the -

change from import to export. Because the distal part of the developing
lamina is part of the already-formed apical scimitar, there is.little
growth in ié (the proximalrﬁartiof théhlamiﬁé isrmeriéf;méfiéj,ﬁénd'ﬁb‘ .
importﬂinto th; distal region of either the apical scimitar or the free ’
'blades; Iﬁ’dicotyledons thevwhole,leaf area is involved in‘expansion,
and at first the whole leaf imports (Turgeon & Webb 1973). Subseduently,
the importing'area shrinks ﬁoward the proximél part of the leaf,-énd the,

distal region then begins to export, first to the»proximal paf%, and

- then, while the leaf is still importing, out of the leaf to younger

~ |
- leaves (Turgeon & Webb 1973, 1975; Geiger 1975; Webb & Gorham 1964).

T T Although there are analogies between Macrocystis and dicoty- ... .

ledons, there are also interesting analogies with monocotyledons,

-

Sy R
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particularly some of the grasses, where\tillering is analogous to new
frond production in Macrocystis. In the vegetative state of certain
. , : N

grass plants, leaves (e.g. corn: Hofstra & Nelsen 196§) and tillers .

(rye: Sagar & Marshall 1966; Marshall & Sagar 1968) are inter-

-

dependent. I have no evidence from Macrocystis pyrifera, but in M.

integrifolia the fyond‘initial on the primary frond supported the apical

blades until the frond had about 12 blades; thereafter the frond
initial'did not export. Frond initials on subseqsent fronds, in both
species, did not export, and there is no movement from yosnger fronds

te older even when the younger frond lacks the ebex. When rye internodes

began to expand, and especially when the inflorescence was formed, the

ﬁeristems’ahd leaf insertions became more separated (Ryle & Powell 1972),
\ .

_ . »

and interdependence changed to the faﬂiliar_pattern of export upward
from upper'leaves, downward from lower leeves (Rawson & Hofstra 1969;

Ryle & Powell 1972). A close analogy exists betweeQ Macrocystis and

Agropyron repens (L.) Beauv. (couch grass): in "the seedling stage of

‘this grass assimilates fromtthe leaves supportedbthe primary shoot and
roet meristems;>later tillers began. to grow and were sgpported b?'the ’
pfimary shoot, but no activity passed from the tillers to thevpp}mary
shoot (Rogan & Smith 1974). Thevbeginning of export from cereal leaves
may begin }ater than in dicots, because of the highly polafized groﬁfh ‘

from a proximal meristem (Felippe & Dale 1972). 1In M. integrifolia

é""”the onset of export-was shown-to-coincide-with-maturity of-the-lamina- —

Perhaps the greatest difference in translocation pattern between
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Macrbcystis and land plants is that in the 1atter root and shoot growth

are of the same order, and a large proportlon of the 1eave§\*aes’ailates

L

go to the roots. 1In Macroczstis hapteron gidwth is relativély slow,

in terms of biomass ‘added, and importtlsﬂcorrespondlngly low. .(The ) B
- . « - . . o - . )

haptera are weakly pigmented, but it has not yet‘been shown whether a

significant amount of the growth comes from their own'photosynthesis.)

- 7 It is beyond the scope of thls study to con91der7the mechanism
by which the obsetved movemént of 14C‘tak‘eslplace. However, it should
be remembered that the structure of sieve elements,in kelps is very
different from sieve tubes ot vascular plants: (1) the sieve elements
are fully functional cells, with a full eytonlesm (some even retain.the
ndtiens), and abundant vesicles (Schmitz & Srivastava 1974, 1975, 1976;
Schmitz in Johnson 1975, p. 72), and lack companion cells (Ziegler
q’1963;-Parker & Huber 1965; Schmitz & Srivastava op. cit.; Parker 1971);
(2) the reticulum they form is much finer and ﬁofe.ooen thanvin"nesculéf
plants, with many more anastomoses than angiospetmsv(Aloni & Sachs 1973;
Schmitz & Srivastava 1974). Despite these recent studies on kelp siq‘iR ‘
elements, studies_on Macrocystis pertain largely or exclusively tobthe
éieye nlates-(Wille 1885; Oliver 1387; Sykes 1908; Esau et al. 1933;
. Accortini 1960; Zdegler 1963; Parker & ?hilpotta196l; B. Parker 1964;
J. Parker 1964; reviewed by Esau 1969)._ Schmitz & Srivastava (1974a)

recently demonstrated a high turnover of ATP in sieve- elements of

Macrocystis integrifolia. In Laminaria digitata, Penotbgt_gl. (1976)

showed inhibition hy cyqlohexamide of long—distance ion transport(e.gijP).'



by

Wt

There are many problems‘whiCh remain. Some, such as the fate

of C- and N-compounds imported by young tissue, and hdy the reticulate

elements, of trénsporg, and of unloading; and the role o mones in

ation Of”EfaﬁéiééétEEﬂ;SéﬁféiﬁélA My studies have at best defined the
problems? and provided tﬁe necessary background against whichrtovbegiqL,

- more deéailed,'and quantitative experiments, leading ﬁitiﬁately, one
Hobés, to an understanding of the meéhanism of translocation in brown
algae. While comparisonmwigh land_plaht translééation is instructive in
evaluatiqg results on algae, pnd_in'pointiﬁg oﬁt airections of'reseérph
th;t are likely to be fruitful, one jneeds to bg careful to not carry the-

. analogies too far. Current thinkiné on eVolutiénary,réiétionéﬁips7bétweenv
plants plaées the higher brown'algae e a branch well sepé?afed, by non-
franslocating'algae, from iand plantgf‘and it is unreaSonaBle to pre- )
_suppose homologiesvbétween algal én&J;ascular plant translocation;

H

rather, they are an example of parallel evblution. 54
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Appendix Tables: Motre complete data are gIGEH‘BEEé than in the "5i;

,gynoptic'tables in the text for the result$ of theé various groups of
. " Y - - ) - )

tianslocatibn'experiments. A copy of the full set of data sheets, with
"the complete'aata for all the experiments, has been lodged ‘in the Data

File of Dep051tory of Unpubllshed Data, Natlonal Science Library, National

Research Counc1l of Canada, Ottawa.

-~ - “The follow1ng 1ist of abbrev1at10ns ‘and ceﬁventlons applies
~to all the Tables in the Appendlx, as well as to Table 7 (pages 47- 50),

Table 8 (age 53), and Table 12 (page 67). , 3

s

-

Unless otherwise noted experiments were of 24 h -duration, with

continuous feedlng with 14C. L . . .

Activity is given in dpm/10 mg dry wt. Maximum activity means
the highest sample dpm in the apical scimitar and associated immature

blades. -

O dpm means 'less than,lOO dpm/10 mg'dry'wt"‘(see,page 7).

d (m) = distance from the labeled blade to the apexvof the

labeled frond. - _ o . v
' .. . S o

' date = date,of harvest (end‘of ekperiﬁental period) l

apiscim = apical scimitar
- | B ,A/

L. fr. bl

>

S

-free blade*
©fridnit. = frond initial = . o o |

n.a. = no apex

n.s. = pot sampled

’
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. / . T '
? = .contamination suspected "
Abbreviations for study sites in Barkley 'Sovund: R = Ross
- . : : : 7 . :
Islets;y C-0 = Clarke-Owens; SJ = San Jose Islets; BMS = B_amf,ield, .
- Marine Station; BI'= Bamfield Inlet; WI = Wizard Islet.
\ * indicates the labeled frond.
4
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Table 1, Results of transldcation experiments on M. integrifolia at

Bamfield Inlet, May-June 1973.

Plant -date -d (m) frond~ length ° activity in .méki&um
(m) apiscim | acfi?ity
. 100 June 20 .3o;gk 1% . 2.26 - 10052 . 10052
IR oo 67 0 0
3° fr.iﬁif. 00 ] -
) 1° 231\ o 0
11 June 20 C 30 o :2,20 0 0
o | *+1° 23 o 0
wh2° fr.inte 0 - -
6 June 5 .32 1% 2,04 0 X
| ' 32° 49 '_0 0
0 2.29 0 0
13 June 24  (.33) (1% (11375 n.a; 0
320 .08 345 -
1° .91 653 730
20 .27 | ~4056 & 4076
| 3° fr.init.,f—jyjéll -
7 June 5 .34 xO% 1,27 N 5508 27361
| x+1°/: .ssmjﬂ ) o . 338
Cx2° 12 o 0
5 June 5 .35 xO* 2.60 0 i 0
x+1° 76 . - 0 0
7

T

T Y
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Table 1, cont. ) ' ' _ : -

Plant date d(m) = frond 'blengt'hw "'éc'f:fiyity in fimaximum
| (m) . o épisciyh activity
19 June 28 .38 1% 1.28 341472 341472"
| 20 o | '9447’jvw' | 944?. '
3% fr.inie. 10369 -
4% froinit. . 16928 -
. 1° o148 o 0 -
2° 09 o 0
a1 June 28 - .56  x%% ';2.40 ' 2965 4921
” x+1° o 29 n.a. 0
«+2° | fr.init. ,273///(ﬁ\v -
15  June 24 A x%% 2:56 ~ 280 280
x1® 1A na. 456
x+2° B 303 ; 950
x+3°  fr.init, so8 7598~
22 June 28 ' .83 % 145 50313 - 64043
| x+1° | 27 j 17' 0o 0
x+2° fr.init, 0 0
16 June 24 99 x%x 3.67 ) 179
1Y 140 271 309 S
o a2® .78 774&9—4&9—l
x+3%/4°  fr.init. 366 366




Table 1, cont.

99

#/_\
Plant date d (m) frond - iengfﬁwﬁ1”;§51;EE& in hwu;;;imum
- (m) _ apiécim activity
3 May 23 Note 1 XO0% 1.39 1014 1769
x+1° .32 0 0 )
26 June 28 1.03 0% ©2.05 7820 9767
“x! .30 | Tt N e
x" fr.init. 0 0
18  June 28 1.16 *O% 2.10 61812 64886
x' .26 0 0
x" fr.init, 0 0
9  June 20 1.28 - x°* 1.78 8558 10253
x+1° 1.40 2390 2390
- x+2° .72 12933 2933
x+3° fr.init, 3708 -
14 . June 24 Note 2 x%* 2.71 588 588
x+1° .85 113 C 161
*+2° .21 707 707
x+3°  fr.init. 464 -
24 June 28  1.50 xO% 3,52 " 3572 7000
. o'y .72 0 o :
N %
BRI .0 ¢ SO B & P A1 5§ 8 0 -
0 -

x+3°%(x") fr.init,



Table 1, cont. -
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Plant  date. d (m) frond length 'attivtfy*tn* **** *maﬁiﬁunr‘ AT
(m) ~apiscim acti;ity
17 June 28 - 2.23 % 2.90 9357 11768 .
«#1°  1.40 2037 2761
x+2° .11 19853 19853
x+3° -,fr.iﬁit. "11049 11049
23 June 28 * 3.23 xO% 4,45 1514 52i7,
xH1°(x'?) .72 363 512 -
¥+2°%(x"?) 186 255
x+3°(x"'?) fr.init. 0 -
20 June 28 x° i.f3 n.a ////}41x
| xh1® .54 0 j OJ
x+2° fr.init. 0 o

Notes. 1. labeled blade number 12 of 19

20

labeled blade number 29 of 36

Eta

&
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Table 2. Results.of translocation experiments on M. integrifolia at

Bamﬁiel& Inlet, August-October 1973. S e

Plant date frond length = activity'in maximum [/’_W
’ (m) apiscim activity
' ¢
39 Sep 1 .35 2% .70 97820 131731
* " 3% and 4° ‘ o - 0
other 1°,2°,3°,40 . 0 | 0 .
43 Sep 1 (.37 xO% 2,42  n.a. 0
’ ' - Q ' 'T ' B
, x+l .54 8571 21445
x+2° fr.init, 23661 -
. ' x+3° fr.init. 11851 -
47 Sep 16 .39 xO% 2.65 153481 1512473
‘ x+1° 1.00 . 0o 0
x#200 T - 190 190 o o
x+3° fr.init. 110 - 4
28 Aug 27 .40 X% 2.23(Note 1) 145 413
x+1° 2.07 377 : 377
x+2° .29 686 1141
x+3° fr.init. 432 - ’
27  Aug 27 . .47 x®™ 1.8 34685 50944 . 7
- x#1%/2° ° fr.init. 0 0 ;
61  Oct 13 (Note 2) .46 x°%  (.84) n.a. 0(Note 3)
. x+1° .50 13921 28720
’ | Yer2° fr.imit, 1050 - : ;
- : -
:

A ey



. Table 2, cont.

Plant 'date  d (m) frond 'Iéﬁéiﬁ' aCtivity‘iﬁﬁ ”maximum
| .%\\~\\\ (m) apiscim ‘activity
20%  Aug 28 .63 1%  1:76 17727 48571
2° :isl 76943 76943 <
3° fr.init, 2993 -
1° 121 407 498
505 ‘Sep 16 .68 1%% 1.15 584 | 584 -
20 .41 1016. 85345
3% fr.init. 196 -
20 .16 ‘1st 151
3°  fr.init. 0 -
) 37 Sep 1 (.80) xO* (3.275 n.a. 0
; x+1° (1.3 n.a. 0
x4+2° .49 67 - 1006
x+3° fr.init. 0 -
59° Oct 13 .87 xO% 2.68 20813 42143
x' n.a 19899
X" fr.init, 34688 -
36 Sep 1 .90 xO% 3.22 0 0
x+1° 2.20 1126 132
x2° .81 2065 6419
53 Sep 21 - (.91) X% (3.60) n.a 358 (Note 3)
x+1° 1.35 2144 7424
‘> x+2° .31 2411 7105
x+3° 1374 -

fr.init.
J
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Table 2, cont. 103
Plant date  d(m) 'frond 1ehgth 7 activity in maximum
apiscim‘ activity |
325 Awg 31 (L.01)  x% (1.93) n.a. 0
x+1° 1,18 16610 23153
x+2° 49179 49179
.. B
x+3 fr.init. 25557 ‘ -
* 38 Sepl 1,04 xO% 2.70 12037 14960
J x+1° .43 198 198
“‘\xj x+2°  fr.init. 997 - -
A Sep 16  1.07 xO* 2.74 888 1488
x+1° .67 2633 3537
52 Sep 21 1.07 x0% 2,26 8708 23636
x'  fr.init. 0 -
54 sep 2L 1,12 x%* 3.83 13114 36206
1% Lk 173 173 ¢
/ ,
x+2° .17 0 0
x+3° fr.init, 0 0
48 Sep 16  1.15 %% 2,23 242 1019 .
. x+1° .60 4940 15062
or2®  froieic.  58%6 -
p x+3°  fr.init, 325 -
s o
51 Sep 21  (1.22)  x* - 3,77 n.a. 0
x+1° .90 1756 1756
«+2°  fr.init. 690 -



Table 2, cont. , R .o 104
Plant date d{(m) frond length  activity in ‘ma'ximum
(m) . apiscim activity
45  sép 16 (1.24)  x*  (4.09) n.a. 0.
\ x+1° .91 9365 10174
\ . ° ) .
" x+2 4948 4948
x+3° fr.init. 1154 Coe
607 Oct 13 1.25 xO% 5.31 (Note 1) 142(Note 3)
57 .  Sep 21 1.53 x%* 2.43 1590 T 4702
x+1° .40 9138 6932
. . : . //.
P x+2°  fr.init. 0 - /
x+3° fr.init. = 823 -
58 Sep 21  1.68 xO% 3,75 " 510 510
x+1° 1.03 169 243
x+2°  fr.init. 363 -
, y |
55 Sep 21 1.80 xx 4,22 1378 ~ 1378(Note 3)
| x#1°  1.09 602 634 (Note 3)
~ B ®+20 : 608 7390
33%%  sep1 1.2 ™ 28 o 0
C x1° 1.39 0 4638 . 8388
Val . . - .
 x+2°/3° fr.inie, 28271 -
310 Aug 31 203 X% 336 0 0
x+1° 1.43 7453 11270
. x+2° - 1025 2340
x+3° fr.init. 794 -




AN

Table 2, cont. 105
Plant date d(m) frond 1935§§W7gﬁactivity An makimum:
“(m) apiscim :activity
652  oOct 13 2.40 = xOx 4.66 251 251 (Note 3)
x+1° 1.17 7423 13238 (Note 3)
x+2° fr.init. 3772 -
x+3° fr.init. 8363 -
: 642 Oct 13 2.57 xOx 3.92 0 0 (Note 3)
x+1° 1.54 9745 13991 (Note 3)
x¥2° 17343 18390
?; x+3 fr.init. 1873 -
2 AN . o .
63 Oct 13 - x * (2.09) ; n.a. 0
x+1o (7.79) . n.a. 0 (Note 3)
'(\“m x+2° fr.init, - 30676 37165
' x+3° . fr.init. 51399 - &
8 ; L0 g
35 Sep 1 - €/'x * (1.24) : n.a. 0
' ',\§*§8 1,94 102 395,
x#2°,3%  fr.init. 0 -
7 R o
34 ‘Sep 1 - 31 * (.99 n.a 0
20 fr.init, 134465 -
° 1.24 18108 40196




Table 2, cont.

Notes. 1. x° w{tg\terminai blade
i. 72 'h c;;tinuous,label 1
3. High‘actiQity in “sporophylls’
4. 24 h label, 48 h experiment

5. Apex dafﬁged. This experiment shown in Schmitz

& Lobban (1976), fig. 7.

I
- LIS &%
= oy

é:w24 h label, 5 day experiment'
7. 24 h label, 6 day experiment g

8. 1abe1éd Eladersenescent

.t

AR e T T e rlin 87
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Ross Islets, February and March, 1975.

Table 3. Results of translocation experim

[

&

{

ents on:M. integrifolia at.

Y

107

Pla&?-”“g date d (m frond Flength activity in maximum
(ﬁo apiscim .- activity- 13 ,
. ' .
147", Feb 9 34 xO% 1.35 5368 9930
x+1° .17 0. 0
} A\
148 Feb 9 U35 x0%  L73 0 Yo
x+1° 82 0 .0
x+2° N7 o 0.
- R \ -
x+3° fr.init, .0 0
150 Feb 9~ .37 X% 1.33 0 346
| x+1°  fr. init. 0 v 0
. X v ‘e N o -
149 Feb 9~ .50 xPx " 1.11 8780 11980
«1° . %30 0 -0
151 Feb 9 .56 . x% 1.51 67790 79690
x+1° 42 0 . o0
£ :
153 Mar 9 58 xO% .24 % 29990 23890
v N ‘ |
| 155 Mar 9 58 xO% 1.18 1174 1796
x+1° fr.init 496 -
154 “Mar 9 .68  x%% - 1.78 -~ 946 1273 T
152 Mar 9 69 xO% 1.70 0 0




Table 3, cont.

108

Plant datg . d (ggwrmgﬁgéﬁg - 7Léngth acfivity in maximum
(m) apiscim . activity
156  Mar 9 .70 xO* 1.57 213 213
x+1° .80 0 0
»
T
B g e o e e e e o




Table 4. Results of translocation,expefimenfs on M. integrifolia

i-

at Ross Islets, Aﬁgust-November 1975.

Plant

109

d;te d (m) frond activity maximum
' (m) .apiscim activity.
August 27—28 v
2037*' ' Aug. 281 37 xOx 1.80 1,526 . 1,728
: 1% .80 © 0 0
vii\ x+2° .11 0 0
S v
’ x+1° .38 441 1605
«2° fr.init. 640 989
205 " 57 %% | 2.40 70,750 76,870
x+1° Al o . 0
3§3; .08 o /0
206 . 27 O 3.10 », 1,969 1,992

1P .67 731 855
. . o . v
x+2 .59 650 650
x' fr.init. 311 525
207" " 1.49  x°* 4.8 0 0
x' .12 917 2,293
20 xH° 1.95 627 664
- x2° .95 0 2,328

P 7 %#3° " frlinic. 763 1,883
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Table 4, cont. -
i x’ - e
Plant date d (m) frond "~ Tength activity maximum
/ ) . '
: - (m) apiscim activity
208 - " 2.36 x°*% 4,18 ' 0 \\\1,031
x+1° 2.80 0 .0
x+2° .45 0 0
) x+3° fr.init. _ 295  ____
209 - " 2.64  x%% . 3,94 0 0
) x! fr.init. 235 . 457
September 13-14 and 16-17
210 Sept. 14 .59  x%x ’£<z.22 24,090 28,550
x+1 .27 - 283 283
x+2° .04 276 277
213 k 51 2.60 20,700 25,410
x' fr.init. 349 -~
218 Sept. 17 .35  x%% 2.62 36,140 43,320
. x+1° .15 0 0"
" 2.29 . x°*x  .8.35 0 -0
f/f x' .68 0 0
220 | " 12 %% 1.60 0 0
=% 3,60 _n.a. o
2 1] (o] - X
22 a2 —x* 745 70,000 91959

T — v v e emviamm e e e - . o B i
ST e T L e - A T - - e »
. N
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Table 4, coﬁt. B B L
7 P
Plant date d (m) frond length activity maximum
' 7 (m). apiscim . activity
2223 " x Ok (4.92) n.a .
, x+1° 2,49 n.a 0
gaﬁfjfyxfxx | x+2° .17 567 635
223 " 36 2% 5.82 0 0
| x+1° 1.10 ) 0 0
x+2° .16 0 0
2243 " x % (9.20) n.a 3,560
225 " .39 xOx 2.84 43,700 45,140
x+1° .34 0 0
x+2° .06 0 0
September 23-24 ' ‘ v
226 Sept. 24 .30  x%% 2.00 27,620 34,440
| x+1° 0 Y
227 " .25 x0k i.ss 85,870 84,150
x+1° .18 0 0
228 " .32 x%x 4.40 43,070 43,520
*1° 1.8  nma.  ons.
x+2° .35 0 0
w3 o7 0 0
229" " 15 xOk 1.44 n.a 11,010
x+1° .12 0 0

Bl i A A R A
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Table 4, cont.

Plant date d (m) frond length activity maximum
V (m) - apiscim activity

230 " 15 x% 3,27 40,590 - 41,740

x+1° .92 n.a. 0

231 o " 2.05  x°* 4.31 6,926 8,715
232 Sept. 24 1.03  x°* 4.09 - 17,250 22,940 -

x+1°  1.22 0o 0

(o]

x+2° .07 . 410 0

November 14-15
5

233 Nov. 15 10 x°* ©42 0 0
x+1° fr.init. .0 0
234 " 21 x% 1.28 188 = 1,461
* x+1° n.a 0

5 " 7 V O 7 o ) o ) V"
235 21 X% 1.83 - 274 471
x+1° 0 0
236 " a7 2% 78 0 0
3°, 4° 0 0

other 20, 3°

Notes: 1. both x° and x+1° labeled .

2. terminal blade on x°

3. »xo apex lost during harﬁesting o

T T T 4, apIEEI;scimitar + 1 free blade missing
from x~ apex’

5. apical scimitar in poor condition on x°
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Table 5. Results of translocation experiments on ﬁ. integrifolia at

San José Islets.

Plant date “d’ (m) frond length activity in maximum
(m) apiscim activity
1975 experiments.
-185  July 17 1,03 X% 5.83 11430 14560
x+1° 3.14 0 0
x+2° .39 0 0
187  July 17 1.34 xO% 9.41 10910 14020
186  July 17 1,62 xO* 7.19 10830 12200
A s ,
184 July 17 1.77 x%% 6.57 11420 11420
x+1o - (2.52) n.a. 0
[o]
x+2 1.23 0 0
x+3°,x' fr.inits. 0 0
183 July 17 1.96 xO% 4.13 13900 13900
" x+1° 2.24 0 .0
1976 experiments .
258  May 11 26 xOx 3.31 . 467
x+2° 1.24 402 402
) : I = SO 21 513 513
o : .
e gy froimits 293 =
o ' . '
262 May 11 .30 x 2.42 0 275
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Table 5, cont. )
Plant date d(m) frond 7 length "activi;y,iﬁ 'vmaximuq
| (m) apiscim . activitf
246 Apr 22 .49 X% 1.45 24440 34930
x+2° £r.init. .0 0
. f |
“ 958G May 11 — =50 x%% }?2*5 : - f'/2'43'1 i *25#3%1*41‘10@*1*)*—
x*+1° .08 1550 1550 |
x+2° fr.init. 1386 -
261 May 11 .54 x%% 3,24 2465 2465
L w® 2,80 808 808
x+3° 41 507 507
245 Apr 22 .56 xO% _2.09 1752 1752
260 May 11 .60 xO% 2.47 18779 20073
x+1° 1.89 129 355
" x+2° 1.00 295 347
x+3° ,11 165 165
241 Apr 22 .660 X * 1.86 0 0
x+1° 116, * 14190 - 15250 -
x+2° .48 24910 26520
x+3°/40  fr.init, 21450 28820
242 Apr 22 .70 xO% 1.45 7W§3350 23940 R
N x#+1° .26 5758 16230 -
x+2° .09 5479 5479
«+3°  fr.init. 2393 -
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Table 5, cont. -

Plant date 4 (mf frond iénégh

a;fivity in maximUm’
“(m) - apiSCim | activity
243 - Apr 22 .90  x°% .44 ‘28630: 29830
w1° fronte. 0 o
264  May 1 ..95 xO% 2.5 3845  3845(Note 1)
. o x+1° .38 31862 151630
x+2° fr:;nit. 32370;3 | .
238 Aéf 22 .97 -’g°* .81 o0 0
" x+1® 62 2826 , 35@2 s
x+2° - fr.init. 2214 j-"
x+3°  fr.init. 2438 -
263 May 11  1.00 xO% 2.34 13022 . 13834
| «1° 180 0 . 253
///, x#2° .53 27777 33218
x+3°  fr.init. 14025 , -
237 'Apr 22 1.36 xO% 2.36 S0 | O(Note-l)
| x*  fr.init. 8436 -

Notes. 1. High activity in sporophylls

_
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- Table 6, Trans%ocation experiments on young M. integrifolia. Export
from bladés on young 1° fronds,.Expetimen&s~are~gre&ped4to¥shOWAéxport*;ﬂ**“’*‘A’ﬁ’

. trom a particular blade as more blades are’forméd'abovelit. Conditions:

L = in laboratory; C = chamber used for labeling; b = continuous-illum-

8

ination. Experiments.in situ at: w'ﬁ Wigard,lt.,«July 9-Sep 8 1974; BI =

Bamfield Inlet, fall 1973; R = Ross Its, July 1974, :
Blade. total # iv_ d’ é#hk , méiimﬁm plant # &
(# from base) .fr.bl.  (w - (if any)  activity : conditions
Apiscim - | Qf . o ' " . o 103; L,C
L (2% 1 ca.1d 0% . 54587 ‘ 1oz§.L,c
) S ;a.;lz . ’ R 97; L,C,D’
. 2 07 1% 1058 93; L,C,D
4 ca..18 ‘['1°;: R TX R DL T
. 4ﬁ‘ l éa..28 | 71°¥., o 971 111 W
2 2 LT ‘lpf, 1650 100; L
. 2 o o 1013 L
i3'» - | 1% 1 94258 99; L
B E W5 1% o sa193. 105 W
‘ : 2%(fr.init) 6407 .
2 .e T 1% 1097 1315w
- 20 13507 \\_
ﬁ,,,T,,ﬂA,;JJW:Q,;W,Aafﬁéfulof;mWﬁ;(fm4,30§3 . T
(- | - 2% 952
T3 S 5 B ) 1° 470 1073 W



Table 6, cont. ' o - R '
Blade ‘(# total # | d vsink > maximim *plaqt # &
- ‘from _1;_21_§_e) fr.bl. (m) (if any) activity | cond;i‘.tio;ns' |
3, cont 4 ;18 1% 1790 | 106: W
| 2° 19 |
S . ' R 1% 779 106; W
5 - .17 ) 0 109; W
6 1% 348910 98; L,D
: S 6 11 1% “12631 114; W
8 . .37 1% 70670 - 129; W
9 53 1% 2431 135 W
9 g0 - 1% 10982 }34; W
10 ca. .70 ' - 0 110; W
10 7 19% 22248 139; W
; o 2° o aobd" o '
4 5 .10 o 10k  .
| 8 .19 1% . 971493 132; W
1L .45 10 21433 1303 W .
5 .14 1.14 1%% 0 l4hy W
| 2° | bséze |
EO e 3%(Fr.dnit,) 83748
= Rt SR .60 1% 51274 403 BT
6 8 10 N 0 162; W
© 13 V74 1% 10303 1 w25 B
: 13 .62 1% 81745 - 56; BI




. Téblélﬁ, cont.

total #  d

maximum

118

plant #, &

Blade # sink g
from base fr.bl, - (m) (if any) activity conditions
7 7 .06 0 136; W
, s
8 .07 0 1415 W
9 .08 0 138; W
) : o
16 .81 1°% 26518 41; BI
8 10 .09 0 143; W
12 .18 o 0 68; BI
‘ 4 |
9 10 * 0 122; R
12 1.79 0 l46; W
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Table 9. Results of translocation experiﬁents

Rock, October and November 1974.

o119

o

on M. pyrifera at Arch

ilactivity in

;]_f*\\\

.d length
Plant (m)v frond‘ (ﬁ),. -'apiscim Amax. activ.
C80 0 2'* apisciﬁ =.soutce -0,
49, 5° 0 0
cgs 0 XOx “apiscim = source 0
s .18 xo*‘(Noté 1) 0 0
- c77 .22 '2’*7\ 0 0-
2%, 4°, (nla.;, 59, 2v 0 0 i
csl .25 X% 0 0
x+1° 0 0
€20 .32 x°% 0 0
82 .38 2'* (Note 2) ‘ 0 ©o1,007 T
2", 5°, 4° (n.a.) 0 0
C88 .38 - x%* (Noteé) 0 0
C83  a9 2" 0 0
- 2", 4°, 5° /> 0 0
c87 .40 g°¥ 0 0
| x+1° 0 0
s .46 O% 0 0
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Table 9, cont.
737 . - length ' activit§ in
“Plant (m) frond (m) apiscim max. activ.
cl4 - .50 X0k term. blade 0
x+1° 408 784
c24 . 50 xO% , 0 0
€95 159 3% - 0 0
°, 4° 0 0
c38 - .66 4%, 342 (Note 3)
2{, 2", 2°, 3° 07 0.
- C94 .87 3% ' 24,350 35,520
2°, other 3° 0 0
C36  1.04 3%% . 781 (Note 3)
2', 2% 0 0
c 94 1.27 2% 82,050 A86,3OO
3t, 5° 0 0
c90 ~  1.65 2% 15,920 15,920
“> 4°, 20 - 0 0
c18 - 1.96 xO% 13,700 16,660
€33 1.98 2%% 2,916 " 5,867
S L A - . 0 0
. ,,,7(:3_54F 2.—22 ..O* 4,]_[;':) 9.450 ]
2°, 2v, 4°, 1° . 0 0

b

et e et R, R P

A A P 1 e 1




v | S : : ' 121
: : « . .
Table 9, cont. - o - h
~ 7 - 4 - - length- | activity in
Plant (m) frond o ' (m) ° v »a‘piscim v max. activi .
c7#  2.52 8% T 15,870 116,320
° | 59, 3%, 3", 2% 2", 2" 0 ' 0
€93 3.32 2% » 3,152 3ﬂdi:
- P 2', 1°, 4°, 3° o . 0
¢34, 3.45 - 3% | | 3,177 7,505
2°, 27, 4° 0 0
c97 3.61 3% ‘ 0. | o
. 4°; 21, 2° 0 0
c32 3.64 2% : 6,404 9,100
2 1,391 1,391
4° 1,869 1,869
3% o o o 198
€39 4.62 - - 3% o 1,750 - 3,344
2° , . T : .* term.blade 0
2'1 40 V N g 0 ~- -0 |
c375.13° 2% S o 0 0
s 2' o o316 316
A : 7 18 s
- T T N R — ' : 0 S | B
~S - o — . . : :
. C 8¢  8.40 X * T term.blade .0
x+1° | 3,929 3,929
>
- v“\'v_ ’ -
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Table 9, cont.
- d . 7 length activity in
Plant (m) frond (m) apiécign max. act':;v.
e 5
cs# 10,90 . ma.. .0
~ e T 13,270 ) 414,300 )
cef 1222 T x% - n.a. 0
o %ﬁgio e . 28,258 30,007
Plants in which source was a sporophyll or frond-initial:
C74 0 2"% (Note 4) | - -
2', 5° B 0 - R
Cc78 0 2"* (froﬁd initial) — C -
2° (n.a.), 3°, other 2° (n.a.) o 0
other 3°, 4° 0 0
C76 0 3'* (frond initial) - _
3° o 7 [ ¢« SO ) M
4° - 0 363(Note 5)
, e i
2 - :; 12,300 12,300
c75 0 5% (frond initial) - . -
X (.25 from apex  4° 747 946
of 4 3° o _ir 147 344 (Note 5)
2°, 2' | C 0 -0
c79 ? 2° (sporophyll#*) n.a. 0
s T 4,801 5,761
- B 5 0 0 ,)/J
Y - \ .

Notes. 1. First 4 free blades = source



.

3 blades 1abé1ed; activity declines from

2. '
sources L\
: ~
3. Steady decline from labeled blade- )
4. Whole 2" (apiscim + 3 fr.bl.) was -
‘labeled ‘ . '
5. Im baée of frond only
6.

# = 48 h experiment
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Table 10. Results of translocation experiments on M. pyrifera at

 Kerckhoff ﬁgfiﬁé“iéBbréEd}yﬁzi:3;2:3uifbelow low water), October

25-26 and 29-30 1974.

activity in

o

Plant d *frond apical scimitar max. activ,
C52 .32 4°% 64,490 68,980
¢ T 205 '_;f'g,zoz
, 2! | 8,444 8,807
2" 5872
lo* 20, 30; gone
'40, 2', 50, of other side 0
C47 44 o 3%% " 95,470 107,700
4°, 2°, 2 0 .
o o ° o
37, 47, of other side . 0
C45 46 2'% 45,360 © 55,490
) 2", 4°, 5° = 9
10, 20,;32},89ne
C42 4% 44,320 49,600
3%, 59 0
) c51 .51 1'% . 225,900 320,700
2", 3', 4°, 5° 0 .
1°, 2°, 2', 3°: gone
C40 55 4%% 0
. o 0
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TaBle lO,-cont;l :
- S ¥¥aitivity in
Plant - d - frond apical scimitar vmaxf_activity
L o
s = o ] , q R
c48 .60 5% 26,300 47,790
’ 4°, an, 2%, 6° 0
10, 20, 2', 37: gone
c41 .61 3% 61,280
S 2, 50, 40 0
c4s 66 2°% 108,600 132,900
_ ., 1° | o 0 .
30: abortive ‘ 0
,30 (of’other side) 0
C49 .7g' Mk 11,210 14,970
5%, 6°, 3 0
1°, 2°, 2, 3°, 4 gone
€50 .90 2% 59,280 67,530
2", 3", 4°, 5° 0 o
1°, 2°, 3°: gone
€53 1.03 2% 24,460
2", 5° 0
1°, 2°, 3°, 4°: gone
C46 - R A A N L o 581 1:1097 7 T
B ,,", 50’ 2"|, anX 0
lo, 2', 2", 2?, 40, 37: gone



Table 10 s vcggt .
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activity in

-

Plant d frond apical scimitar - - max. agctivity
C43 1.37 2% 31,480 32,250
2t 180 890
D 4° 650 - 969
o ° L o
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translocation experiments on Macrocystis at Santa

Barbara, Novembger 4-7, 1974. D

-

v 7 length activity in
Plant (m) frond  (m) apiscim max. activ,
C66 43 xO% 0. 0
€55 A xO% - 2,700 - 5,965
x-2', x-1° 0 0
59 .75 X S 1,736 3,235
x—lo, - : n.a. - ~ 863(Note 1
C60 .75 % 1,152 1,888
x#43°%, x-1°, x+2' ' o 0
c67 1.22 x0% 0 0
x' 0 0
56  1.52 2" | . 16,230 19,910
2', 3', 5° 0 o
c72. 1.8  _  x%% n.a. " 1,750(Note 1
> x+1° : *1,377 1,682
c73 1.80 xO% ‘ 15,050 15,690
x+1° o 0 0
‘ : oLt - o -
C57 1.94 3% 9,946 12,150
4°, 2 ‘ 0 _ 0
CBL. 235O : 22,450 25,360 -
. 52, 2" 0 0
> -
,"
» o B o - -

S T
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Table 11,‘ cont.
d - - - length activity in..
Plant (m) frond (m) s apiscim amax. activ,
63 2.72 X% o 929 2,895
. x+1° b0 | 0
. C65- 3.00 x'* 1,490 1,590
B o - o o o '
x+2 , x+3 0. 0
c71 3.93 - 2%% 0. 0
39" 0 948
) o . -
. 4 330 -
other 3°; 4° 0 0
c70 hott . 4% 3,862 3,862
50, 31, om 0 0
C64 6.26 x'* 0. S0
Q . x o [
68 6.54 X% o | ‘0 - 0
, . ’ | B
x+1° , Sa o 0 o 0
C62 6.64 Xkl : .0 - 1,505(Note 1)
x+1° o RS K- EEE . V5
x+2° | ' , 452 -
. C54 7.90 % S o 2,929 (Note 1)
o e e S 2,000 3,264
- ,éfig, x' ‘ N 1,564 © 1,897
- , x" 'Qé : 1,728 3,146
s
= Notes. 1. Activity in base of frond Aonly‘-. S o






