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ABSTRACT

A field study in three parts was undertaken to investigate

the relationéhips between the habit of Macrocystis inteqrifolia
_Bory and water deement. | ,

Morphological variation in time within populations was re-
lated to seasonal changes in wind direction andiépeed. Four
sites covering a wide range of exposures, yet characterized by
essentially the same water properties were‘sampled throughout a
period of one year. ‘

In this way valid comparisons could also be made between
populations. The sites were all situated in the'vacinify.of-Bam—
- field on the west coast of Vancouver Island, B.C.

| A spot sampling study was undertaken to determine whether
the trends established in the above study apply consistently

- throughout the range of exposures covered by Macrocystis in loc-

al waters. Samplesbwere obtainéd from Ucluelet on Vancouver
Island to Warren Island in southern Alaska.

Through these studies several aspects of the habit were
foﬁnd to reflect the prevailing dynamic conditions to which the
plant had been subjected throughout its development.

A transplant study was carried out among the continuous
sampling sites to establish the mechanism of response to dynamic
conditions. Growth data obtained through the transplant study
~indicated that stipe elongation and blade initiation vary direct-
ly with wafer movement. Growth of individual blades appears to |
. be independent of this factor. ,

The results of the transplant study supported by variations
observed within plants and within populatlons with time strongly

suggest that the mechanism of response is phenotypic plasticity.



~ However, plants observed on the outer coast were, in some re-
spects,_markedly distinct. Thus the possibility of a second

mechanism operating under conditions of genetic isolation has

not been discounted.
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INTRODUCTION

The purpose of this study was to investigate the relation-

ships between polymdrphism in the sporophyte of Macrocystis

~integrifolia Bory and varying degrees of water movement.

Much attention has been paid to this question with respect
to those members of the Laminariales other than the Lessoniaceae
by several authors including Burrows (1958), Druehl (1967), Kain
(1962, 1971), MacFarlane (1961), Norton (1969), Parke (1948) and
Sundene (1958, 196la, 1961b, 1964). From thése wdrks a general
- pattern has emerged which can best be explained by considering a
typical laminarialean plant consisting of a lamina, stipe and
holdfast. |

Proceeding from a sheltered locality to one exposed to the
direct force of the open sea, the lamina narrows and the tissues
thlcken, becoming tough yet flex1ble. The base of the lamina be-
comes more cuneate and if the species is characterlzed by the
formation of longitudinal splits these become more prominent,
often being absent entirely from plants of thevsame species in.
quieter waters. The length of the lamina is a highly variable
feature and is determined by all of the factors which contribute
to terminal erosion as well as growth rate and age. |

- Stipes from exposed sites are usually longer and smaller in
diameter but are also stronger and more flexible. . | _

Parke (1948) treated in detail the subject of mofphological

variation with respect to the holdfast of Laminaria saccharina

(Linnaeus) Lamour. However, she attributed the occurrence of
different forms to the nature of the substratum rather than ex-
posure. She noted that plaﬁts growing on solid substrates bore
compact and thick holdfasts with slightly branched haptera where-
as plants -growing on soft silt had holdfasts with thin, long,

copiously branched haptera. However, other features of the plants
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used as_exampiés along with the fact that turbulent waters sel-
dom lend themselves to the accumulation of silt, strongly suggest
that this effect was more closely related to exposure.
Through transp1ant studies it has been demonstrated that,

given the proper étimulus, individual plants are capable of as-
suming a form appropriate tova particular'set 6f envifbnmental

conditions. This type of response is termed "phenotypic plaé—
ticity". |

Although certain aspects of the thallus of Macrocystis can

be compared directly with the generélized laminarialean plant
described above, there are features peculiar to this growth which
set it apart and create new opportunities for morphological var-
iation. The continuous production of fronds from the same hold-_
fast throughout the year permits the plant to adjust to seasonal |
environmental changes. The potential for a more immediate re-
sponse is created by the continuous production of new blades at
the apex of the frond. The extent of water mo&ement can vary
significantly over short periods of time and with depth. This
creates the posibiiity fo;‘a wide variation in the form of mature -
: blades occurring on the same stipe. The isolation of reproduct-
ive and somatic regions, which also occurs to a lesser extent in
the Alariaceae, enables the plant to make the necessary morpho—.
logical adjustments tb the envirdnment.without interferring with
its ability to reproduce.

| There are other features characteristic.of Macrocystis which
are not commonly found throughout the order. These include the
spines along the périphery of the blades and the pneumatocysts at
the junction between blade and stipe.

Morphological variation in Macrocystis has long been the sub-

ject of speculation. So variable are the form and dimensions of

the juvenile and mature blades, within as well as between plants,'
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that Hooker (1847) dismissed them as taxonomically unimportant

beyond the generic level. Thus he considered the previously

described species as synonyms of Macrocystis pyrifera Agardh.
He recognizea six varieties but pointed out that their character-
istics were influénCed considerably by the rigours of preser-
vation and natural causes such as exposure. In this latter re-
spect he related variation in the abundance of spines, corrug-
~ation, texture and breadth of the laminae, dimensions of the
pneumatocysts and diameter of the stipe to the degree of water
‘movement. |

Skottsberg (1907) observed a relationship among certain
features such as spines, pneumatocysts and exposure. However,
his conclusions were limited by the high degree of variation
within localities. - -

A relationship between morphology and exposure was first
defined for the overall plant by Brandt (1923). He described

two extreme forms of Macrocystis pyrifera (Linnaeus) C. Agardh

as follows: an exposed form characterized by very stout stipes,
long, tapering cysts with thick walls and long, narrow, thick,
tough blades; and a sheltered form charécterized by slender
stipes, nearly globular, thin-walled cysts and broad, thin,
brittle blades which were more or less heart-shaped at the base.
The colour also varied, being much darker in the exposed form.

Macrocystis dintegrifolia Bory on the other hand did not show this

Arange of forms although from his descriptions it appears to have
occurred in the same general locality.

Womersley (1954) noted the occurrence throughout the genus
of a similar relationship with respect fo a numbér of features.
These included the surface texture (rugosity) of the blades, the
presence or absence of spines along the margins, the demensions

of the pneumatocysts and the form of the distal lamina.
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Macrocystis has received a great deal of attention over much

of its geographic range, due largely to its economic importance.
Studies dealing specifically with the effects of exposure on
morphology héve not been carried out and the observations cited
above have not been tested quantitatively.

The present work was directed toward the folloWing basic
questions: | _ |
(1) How ;eadily does the morphology reflect spatial and tempor-
al changes in exposure? Four sites for regular sampling were
selected in close proximity to one another so that all would be
characterized by essentially the same water préperties except ex-
poéure. This technique has already been successfully applied by
Norton (1969). _
(2) How conSistently do the finding in (1) apply throughout the

rénge of exposures covered by Macrocystis in local waters?

Samples were obtained from a variety of sites covering a wide
geogfaphic range. As these localities were ekpected to vary with
respect to a variety of factors the relative importance of expos-—
ure would be reflected in the results.

(3) what is the genetic basis of morphological variation in the
plant? Are only certain varieties or ecotypes able to thrive in
certain habitats or are the features under consideration truly
plastic? A transplant study within the four regular sampling sites
was conducted and corresponding changes in growth rate and form

- were studied. An attempt was also made to culture the plant
through the microscopic phase of its life cycle under natural
conditions. It was hoped that a crop of young sporophytes of
known parentage obtained in this manner would be availabe for
transplantation. Unfortunately the technique was not developed
in time to be of use to the present study. However, a complete

description of the technique is included at the end of the thesis



as a separate section.

'Based on results of the above three studies and those of
previous workers, the functional significance of morphological

variation in this species and the mechanism of environmental con-

trol are discussed.:
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MATERIALS AND METHODS

CONTINUOUS SAMPLING STUDY

Description of Sites

The choice of sites for continuous sampling was made main-
ly on the basis of exposure to waves generated by prevailing
winds. During the Spring and Summer months wihdsvin ﬁhe Trevor
Channel region of Barkeley Sound tend to blow most consistently
from the south-east and west (Fig. 1). This creates wave forces
travelling up Trevor Channel, whereas during Fall and'Wiﬁter
monfhs surface waves are driven predominantly in the opposite
direction.

A more consistent, but gentler type of water movement, is
createa by tidal currents. The flow is hardly noticeable at sites
bordering Trevor Channel but is amplified by narrow inlets es-
pecially if these empty into large basins. Such is the case in
Bamfield Inlet. Imbalances in the tidal flow caused by the pro-
jection of the Deer group of islands into Barkeley Souhd are sus-
pected as being responsible for the strong currents associated
with many of the channels in that region. | »

With the highly irregular shore-line characteristic of the
Bamfield area it was possible to choose four sites differing
wideiy in exposure to water motion, yet lying within a radius of
only 0.9 nautiéal miles. The four sites shown in Figure 2(b) are
-described as follows:-

Wizard Islet

-moderately exposed throughout all months of the year. Sub-
ject to deflected waves off Helby Island during Spring and"
Summer and slightly protected ffom the full force of waves
travelling down Trevor Channel by a series of partially

submerged peaks. : ooT
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-subject to moderate tidal cUrrenté.

-substrate: solid bed-rock giving way slightly beyond the
kelp zone to sand and broken shell with occasional bedrock
outcroppings. ,

-slope: about 20-30 degrees at the collecting site.

Scott's Ba?*

-moderately sheltered throﬁghout all months of the year.
Subject only to deflected waves except for those travelling
froﬁ a northerly direction.

-not subject to noticeable tidal currents.

—éubstrate: solid bed-rock giving way to sand and broken
rock at about -10 feet; |

-slope: about 10 degrees.

Bamfield Inlet

‘~sheltered throughout all months of the year. Subject only

to deflected waves except for those travelling from a north-

erly direction.

-subject to strong tidal currents flowing along Bamfield In-

let.

-substrate: solid and broken bed-rock giviﬁg way at about
15 feet to silt. Occasional plants extending into this
zone on‘scattered refuse.

-slope: about 20-40 degrees.

Dixon Island

-sheltered throughout Spring and Summer. Moderately exposed
during Fall and Winter months, being subject to only slight-
ly deflected waves travelling down Trevor Channel. This
results in a cropping back of the outer limits of the kelp
bed during these seasons.

-not subject to noticeable tidal currents.

-substrate: cobble and loose rock giving way to sand with
scattered stone and shell at about 15 feet.

-slope: about 10 degrees.

Mr. R. Bruce Scott, a former resident of Bamfield and local historian.
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Data on position, open angle (to onshore waves) and max-
imum.and minimum fetch are presented for the above localities
in Table 1. |

Oceanographic Data

This study was based on the assumption that all four sites
were subjected to the same water ﬁéss such that differences be-
tween sites would not be éignificant.- In order to test this con-
tention ﬁear—surface-temperature and salinity measurements were
taken at one meter intervals throughout the month of August 1970.
A Beckman in situ Salinometer (Model # RS 503 Beckman Instruments
Inc. Cedar Grove, N.J.) which measured temperature and derived
salinity from conductivity to two decimal places was used. Week-
ly measurements were taken at all four sites within a period of
time not exceeding 100 minutes. The data are presented in the
form of T/S diagrams in Figure 3. Although some variation oc-
curred from week to week among the four sites, particularly in
the upper two to four meters this did not follow any consistent
‘trend. Hence, the sites were not considered to be significantly
differenf from one another with respect to these two factors.

Data covering the entire year 1970 as well as part of 1969
are available for the entrance to Bamfield Inlet. Weekly tem-
perature measurements from 1 and 5 meters are plotted in Figure
4 along with surface salinities.

Frond Sampling and Measurement

Regular monthly collections were made over the period Feb-
ruary through August 1970. Additionai collections were made in
October and December.

Five mature fronds were usually collected from each site al-
though this varied at times from three to six. Special care was
taken to ensure that not more than one frond was obtained from

each plant during a collection. Samples were always taken from
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subtidal plants and usually from the saﬁe general position in
the bed. Therefore, it was very possible that more than one
Vfrondeas collected from some plants throughout the study} Ali
collections Qere made with the aid of SCUBA.

Fronds bearihg.intact distal meristematic regions were Sel—
ected on the basis of their having reached the surface, thereby
being subjected to the full force of surface waves. However,
on several occasions fronds trailing along the surface at Dixon
Island ana Bamfield Inlet were scarce and it was necessary to
select from those near the bottom. 1In such instances fronds of
sufficient length to reach the surface were usually selected.

~ Each stipe was cut at the point of contact with the hold-
- fast. The material was placed in a plast;c bag and either trans-
ported on ice to vVancouver or measured in Bamfield. A meter
stick was used to obtain the'following measurements from out-
stretched fronds: |

—iength of the stipe from the holdfast to the most distal

split in the apical meristematic region (discrepancies
caused by twisting of older stipes were not considered
significant).

-maximum diameter of the stipe, in millimeters,

-number of terminal splits (incomplete young biades at the

distal meristematic region),

-number of blades, including those indicated by terminal

splits,

-maximum width of every second blade from the apéx of the

frond.

Samples were taken of blades from positions 1/2 and 3/4 of
the distance from the.base of each frond to the apex and were
preserved in 5% formalin/seawater. The dimensions of the pneu-

matocysts were later obtained from these samples. While some
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shrinkage or swelling of the tissue may have reéulted from this
treatment the effect WOuld havé been generally uniform. Hence,
the basis for comparison would probably not have Been altered.

Blade and cortex-thickﬁess.measurements were taken at a
sténdard distance'of 15 cm from the pneumatocyst. It was felt
that ‘at this distance the tissue would be mature yet still in-
tact in a large number of blades. The tissue was sectioned by
hand and examined under a Nikon compound microscope with phase
attachments. BAn excess of seawater was used under the coverslip
to prevent distortion. Measufements to 1.0 microns were obtained
using a calibrated ocular micrometer. The cortex was taken to
include the meristoderm as well as the larger, non—pigmehted cor-
" tical cells. ‘ |

Due to erosion and decay of blades, which was most prevalent
during Fall and Winter months, it was not alwéys possible to ob-
tain a complete set of measuréments. Older laminae were usually
reduced considerably in length and were often absent entirely,)
leaving only a small cluster of blades at the distal end of the
stipe. | |

Care was always takeh not to damagé the plants during sampling
but fronds from Bamfield Inlet and Dixon island were particularly
delicate and easily torn, even by their own weight when lifted
out of water. This factor also tended to minimize the available
data. -

. SPOT SAMPLING STUDY |

A total of 33 samples were taken from 10 kelp beds covering
a wide range in both time and space (Table 1, Fig. 2a).

EXposure was'determined by several factors inbluding the
angle through which the site was subjected to unimpeded winds and
the maxXimum and minimum fetch. From these data along with qual-
itative observations at the sites a judgement of the exposure was

made as a basis for comparison with the regular sampling sfudy.
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Material collected at Amphifrite Point was measured in Van-

couver, whereas all other material was measured on board ship.
The techniques of sampling and measurement were the same as those
used during the regular sampling study._ However, sample blades
were only obtained from the 1/2 position from each frond.
TRANSPLANT STUDY |
Methods

' A short time before the transplant study was begun a number
- of large, smooth stones varing in diameter £rom about 5 to 8
inches were chosen as substrates for the young plants. The sur-
faces were bruShed and washed clean of all scale and loose mat-
erial. ‘de adjacent parallel strips of ligquid silicone rubber
(General Electric Co.) were applied over the upper surface of
each stone. The middle seétion of the strips was prevented from
actually bonding to the surface by a narrOW'sheet of waxed paper..
The strips were able to bond to each other along the entire length
and to the stone at either end. After the rubber had set the
waxed paper was -removed and the strips were separated from one an-
other along the middle section with a knife.

| The prepared stones were numbered then plaéed in position
at the selected sites. At wizard Islet and Scotts's Bay it was
necessary to cement them to the bottom. A waterproof cement sup-
plied by the All-Crete Mfg. Co. of Woodland, California was used
for this purpose. | '
| The transplant sites at Wizard Islet, Bamfield Inlet and
Dixon Island were all located at a depth of about -1.3 feet. The
depth at the Scott's Bay site was about -8 feet. ' |

Invorder'té prepare the site to receive the new plants a

small area of the bottom was cleared of all large plant and an-
imal material. It was hoped that this would reduce competition

among the plants. The site was marked with surveyor's tape so
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that it could be easily located in times of poor visibility.
After the stones were in place the young plants were

'attached by inserting the base of the stipe between the rubber
strips so that the haptera were held firmly against the surface.
. An advéntage of using this technique is that it enables one to
use. the éame substrate a number of times in a continuous'trans—
plant study after the mature.plants have been removed (Fig 5).

Description of Transplants

The plants used in the study were, in most cases, at about
the same stage of development when the transplants were made.
These bore a single lamina and were, inbappearance, similar to
variéus other young laminarialeans. However, they were edsily
distinguished by the presence of a short primary longitudinal
split. The first set of plants transferred to Scott's Bay were
at a slightly more advanced stage of development and in all but
one instance had completed the first dichotomy. This was taken
into éonsideration in the computation of growth data.

The major phase of the transplant study consisted of trans-
ferring plants from Wizard Islet to the remaining three sites.
Five plants were transferred to Scott's Bay on May 17 in order to
test the technique. 0On May 30 two more plants were added to this
site and five were transferred to each of the remaining localities.
An additional five, serving as controls, were positioned at Wiz-
‘ard Islet. Hence, the total number of plants initially involved
in the study was twenty-two. Losses due to physical and biolog-
ical factors caused this number to drop gradually throughout the
study although replenishments were made during the early stages.
The only successful replacement was plant number 5 at wWizard Is-
let which was positioned on June 15.

A reciprocal transplant was attempted between Dixon Island

and Wizard Islet but was not successful. Within a few weeks all
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plants trahsfer:ed to wizard Isletiwere'either severely damaged
or éntirely lost. Although these plants were at about the same
stage of development as those collected from Wizard Islet their
laminae werefconsiderably wider and the texture appeared to be
somewhat more delicate. These factors, combined with the greatly
increased exposure at Wizard Islet, appear to have led to their
deterioration. This problem was also encountered by Norton (1969)
- when he attempted to transfer plénts from a sheltered to an ex-
posed locality. It was concluded from the present attempt that
such a transfer might héve been successful if the plants had been
obtained at a comsiderably earlier stage of development. As such
plants were no longer available, the reéiprocal transplant study
was discontinued.

Evaluation of Plant Response

Measurements were taken in situ at two week intervals over a
period which varied with the conditioh of each plant. All data
were recorded in pencil on a sheet of sanded perspex. The follow-
ing information was obtained from a single primary frond from each
plant: '

~-stipe iength,

-number of blades,

~number of terminal splits,

-dimensions of every second blade from the base of the stipe.

Thé growth rate in length of individual blades was assessed
by punching a small hole with a cork borer in the center of the
blade at a distance of 10 cm from the pneumatocyst. It was nec-
essary to place the holes at 5 cm in very young blades in order
to prevent their loss due to terminal erosion between measurements.
Expansion of the perforations indicated that secondary‘growﬂ1 was
probably still occuring between 5vand 10 cm as has been demon-

strated for Macrocystis pyrifera by Cribb (1953). However, this

was not considered sufficient to alter the results appreciably.
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RESULTS
CONTINUOUS SAMPLING STUDY |

Changes Recorded in Time and Place »

Individﬁal frond samples did not yield sufficient data to
‘enable direct combarisons‘to be made between localities. Never-
theless, by presenting’eaéh aspect of the habit on a month to month
basis certain trends are often revealed and the éonsiStencyiwith
which they are maintained throughout the year bears pointihg out.

Stipe Diameter

Mean stipe diametef and length are plotted againét time in
" Figure 6.“ Howevef, before these graphs can be interpreted it is
neéessary to understand how these two features relate to one an-
- other. A |

| A linear regression analysis was conducted for each locality
to determine whether a linear relationship between maximum dia-
meter and length could be defined on the basis of the combined
data for each site. If such a relationship was determined it was
‘assigned an R value (linear correlation coefficient’) which is an
expression of confidence and has a maximum value of 1.

Linear plots are superimposed'on scatter diagrams for all
localities except Dixon-Island in Figure 7, and R values are in-
cluded for each site. 1In all cases the regression was significant
at the 0.01 level.

Covariance analyses were used to determine,whetﬁer thé linear
"relationships described in Figure 6 were significantly different
from one another. A linear relationship between two variables is
defined by the expression:

' y = a + b(x - %), |
a is the mean value for y as determined from the data;
b represents the slope.

Considering only Bamfield Inlet and Scott's Bay, the probability
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" of their a values and slopes being different from one another
wéref0.0540 and 0.1624 respectively. In neither case were these
values considered significant. Hence, the data for the two sites
were combineé and compared with Wizard Islet by the same pro-
cedure. In this éase the probability values for a and b were
0.2693 and 0.6583 respectively. Thus the three sites did not
differ significantly from one another. The failure to define a
linear relationship for Dixon Island will be considered in the
DISCUSSION.

Returning to Figﬁre 6 it is now apparent that although the
R values given in Figure 7 were generally low the observed
fluctuations in stipe length cannot be ruled out as contributing
to the corresponding fluctuations in diameter within the sites
with the exception of Dixon Island. The closeness of fit be-
tween these two factors in Figure 6 strengthens this conclusion.

variation in stipe diameter throughout the study area was
tested by applying Student's paired t-test to the monthly means.
Due to the relatively narrow range of values obtained only those
sites representing the outer limits of exposurev(which also cor-
responded to the outer limits of mean stipe diameters) were con-
sidered. Probability values for common means are as follows:

Wizard Islet vs. Bamfield Inlet .......... ve.. 0.1

Wizard Islet vs. Dixon Island ....coceececennn 0.01

.Bamfield Inlet did not differ significantly in mean stipe
"diameter from Wizard Islet. This may be related to the similar-
ity of their mean stipe lengths, particularly as a linear re-
‘lationship has been defined for both sites (Figure 7). As a
linear relationship was not defined for Dixon Island the signif-
icant difference in mean diameter from Wizard Islet strongly |
suggests that the diameter of the stipe is related to the amount
of water movement. This relationship is demonstrated consistent-

ly throughout the year.
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The seasohality in stipe diameter éhown‘by Dixon Island in
Figure 6 can be explained in light of the above conclusions. BAs
the maximum growth period for an individual frond is about six
months (see ﬁg. 21 and also North, 1971) the occurrence of the
largest values fof,mean stipe diameter through late spring and
early summer represents'a response to dynamic conditions as they
existed during the previous winter and early spring (Table 1).
Hence, these fronds differed least from those sampled at Wizard
Islet during this period of the year. The late summer and fall
decrease in diameter can be‘attributed to the fact that the plants
collected at this time of year would have grown under very
"sheltered conditions. |

Stipe Length -

Variations within and between localities with respect to
stipe length was too large to reveal any pattern, with the pos-
sible exception of Dixon Island where values remained generally
low throughout the year. Samples were not alway obtained from
-exactly the same depth, particularly at Bamfield Inlet.

Othef variables which were not controlled include age and
possibly growth rate. Hence, further consideration of the re-
lationships between water movement and stipe length must await
-the resulfs of the remaining two studies. |

Distal Meristematic Region

The mean number of terminal splits for fronds from each
- locality is plotted against time in Figure 8 and maximum and min-
imum values are included. v

Student's paried t-test was run and probability values for
common means are as follows: |

Wizard Islet vs. Scott's Bay ..eeeeeen. 0.2

wizard Islet vs. Bamfield Inlet ....... 0.05

 wizard Islet vs. Dixon Island ......... 0.05
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These data suggest that rapid water movement enhances the accum-
ulation of terminal splits and this trend is consistent through-
out the year. However, tﬁe common seasonality indicated by all
sites, with fhe exception of Dixon Island, does not appear to be
related to this éffect as dynamic conditions were least severe
during spring and summef months. The importance.ofvother var-
iables such as age and tiésUe deterioration will be consideréd in
the DISCUSSION. | |

Blades:

Number in relation to stipe length

The analysié applied to stipe diameter was used to test for
a linear relationship between the number of laminae and the length
of the stipe for each locality. The results are presented dia-
gramatically in Figure 9 and R values are included. In all in-
stances the probability of the slope being equal to O Was less
than 0.01. |

Covariance analyses were used to compare localities and prob-
abilites for significant -differences between sites with respect

to values a and b were as follows:

_ - a. b
‘Bamfield Inlet vs. Wizard Islet 0.0386 0.5491
B.I.+ W.I. vs. Scott's Bay - 0.0661 - 0.3385
B.I. + W.I. vs. Dixon Island 0.2286 0.4576

Thus there was found to be no significant variation among the four
“localities. .

Width of Mature Laminae

There were several probléms.involved in comparing data on
width of mature blades. To reduce the effect of variation with-
in each plant it was necessary that as many blades as possible be
considered. If the comparison was to be based on individual sam-

pPles, then as many plants as possible would have to be included.
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It was aléo essential that the same amount of data be. drawn from
each locality. The matter was further complicated by the high 7
degree of variability in the number of intact blades present on.
each frond. 'However, it was possible to obtain sufficient data
to test for variation among populations while taking all of these
factors into consideration. |

During April, for example, the most badly deteriorated fronds
were collected from Bamfield Inlet. . From that sample two fronds
bore threé intact mature blades, one bore two mature blades and
the fourth frond did not bear any. In order to use a maximum
number of frond only‘the first two mature blades on each of the
first three fronds were considered. This standard number of fronds
and blades was then applied to the remaining three samples from the
April collection.

From the June collection, on the other hand, a standard num-
ber of four fronds and four blades was used. Due to the nature of
this analysis there Were alwayé some samples for which there were
more suitable fronds than could be used. In such cases the last
fronds on the data sheets were eliminated first as they were meas-
ured in random order. | |

 The data obiainedvin this way for each collection were sub-
- jected to a three factor analysis of variance. Variation among
plants due to genotype or to environment-plant interactions were
later ignored as the object of the study was to test for signif-
.icant differences among the overall populations.

The actual variance among the four localities was compared
with the calculated variance based on the null hypothesis (that
the population means are equal). The ratio of the recorded vari-
ance to the calculated variance is termed the vériance ratio and
is designated F. The F values and‘probability values for common

means for the final seven collections are presented along with
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sample sizes in'Tabie 2. Due to insufficient data the first two
collections were not included in the analysis. Mean blade width
is plotted against time for each locality in Figure 10.

A significant level of variation is shown to occur among the
four sites over much of the year. The nature of this variation is
such as'td suggest that increasing exposure is directly related to
the formation of narrower blades.

Assuming this to be the case, the set of values obtained from
Dixon Island are somewhat lower than expected.. This may be re-
lated to the generally poor condition of the fronds collected from
that site. Figure 11 shows a typical situation wherein all of the
middle to lower blades have deteriorated by the time the frond has
reached the surface. Sargent and Lantrip (1952) and Parker (1965)
demonstrated that young blades near the apex of the frond depend
to a lafge extent on the impoftation of metabolites from lower re-
gions of the plant. In the absence of this source of metabolites
the development of young blades near the surface may have been ar-
rested. ‘ '

As in the case of terminél splits a seasonality is indicated
which is not directly correlated with exposufe conditions and al-
ternative explanations must await the results of the remaining
studies.

Changes Recorded Only in Space

Due to blade atrophy it was not poséible to obtain a complete
- set of samples from every collection. Blades were obtained most
consistently from all localities during the months of April, May
. and June. Hence, comparisons were made on the basis of one over-.
all collection covering this period.

For each set of data obtained from the sample blades a one
factor analysis of variance was conducted. Variance ratios were

determined and Scheffe's test for multiple comparisons with sam-
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ples of uﬁequal(size was conducted. This permitted comparisons
to be made between specific localities. The results of this test
are expressed in the form of probability values for common means..

These analyses were used to test for significant variation
in the following features: blade thickness, cortex:medulla ratio,
mean spine length and pneumatocyst length and diameter. Only the
lower blades were used and the results of the analyses are pre-
sented in Table 3. Mean values for the 1/2 and 3/4 positions are
included élong with standard errors of the means and maxima and
minima.

These data were expected to reflect‘epvironmental conditions.
as they existed in‘the Bamfield region fhroughout early and late
spring. Due to the high degree of variation within individual
- plants it is difficult to draw other than tentative conclusions.
There was usually an absence of any pattern to this variation rel-
ative td exposure. - However, it is very likely that some discrip-~
ancy may have been caused by the inclusion of immature blades from
the 3/4 position.

Those features which appear to be most responsive to water
movement are lamina thickness, spine length and pneumatocyst dia-
meter. The oécﬁrrance of the shortest bladders at Dixon island is
consistent with the findings regarding pneumatocyst diameter.
Hence, a trend toward the formation of pneumatocysts of smaller
capacity in less exposed en&ironments is suggested. This does not
-necessarily conflict with earlier statements regarding seasonal
effects of exposure on stipe diameter af Dixon Island as the char-
acteristics of individual blades would be expected to reflect a
vmore recent dynamic environment.

Spot Sahpling Study
Data obtained from the spot>sampling study are presented along

with mean values in Tables 4 and 5. Only the first three to four
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blades from each.frond were considered in the determination of
blade widths in order to facilitate comparisons with the results
of the continuous sampling study. » '
Those féatu:es which seem to be most directly influenced by

exposure conditions are stipe diameter, blade width and thickness
and pneumatocyst dimensions. The data do not indicate a direct
Vcorrelation of the following with exposure: the relative number
of blades, terminal splits, cortex:medulla ratios and spine length.
The same also applies to stipe length but in this instance the
depth of water and age must also be considered.
Transplant Study - o P

| The transplant study was terminated by frond atrophy at all
localities except Wizard Islet. However, all final measurements
of stipe length and blade number are valid as the plants still
contained complete primary fronds although the individual blades
and apical meristematic regions were often badly deteriorated.
The last remaining plants were collected from all localities on
December 5 after 199 days.

Growth of Primary Fronds

The lengths of the primary fronds are plotted against time
for each locality in Figure 12. Student's paired t-test was ap-
plied to the mean slopes of the exponentiai phase for all sites.
vValues for Wizard Islet differed significantly‘from those of all

other sites Mean daily increments in cm per day and

~initiation igtesoégi)new’blades were’determined from consecutive
readings and are presented in Table 6.

The growth rates of individual fronds show a distinct cor-
relation with exposure. Neither the greater depth nor the den-
sity of the surface canopy appear to have affected the growth
rate of stipes at Scott's Bay. This is consistent with the find-

ings of Neushul and Haxo (1963). Growth was characterized at all
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sites by a leW‘grthh phase followed by a period of rapid elong-
ation and blade initiation. The maximum elongetion rate of 8 cm/
day throughout the exponential phase compares favorably with the -
previous maximum recording of about 7.9 cm/day for the same spec-
ies in local watefs-(Scagel, 1948).

Growth of Laminae

Maximum daily increments of individual blades were deter-
mined from thevdistance covered by reference marks between con-
secutive readings and are presented in Table 7. A one factor an-
alysis of variance was used to test for significant differences
betweeh localities. ,Only‘the fastest growing blade from each
plént was considered in each case as this was assumed to repre-
sent the optimal rate of growth. The results are also presented
in the above table. These data do not indicate a relationship be-
tween growth of laminae and water movement. The consistent occur-
ence of low values for Scott's Bay suggests that light may be the
-~ controlling factor ih blade elongation as these plants were grow-
ing in deeper water than the others and were also influenced to a
greater extent by the surface canopy.

Blades Per Unlt Lenght of Stipe

It is apparent from Table 4 that the number of blades per
unit length of stipe is not a function of exposure. Although
plants growing in more exposed localities are characterized by
higher blade initiation rates (Table 6), this is counteracted by
"corresponding differences in the growth of the stipes. 1In Table
8 the age of the frond is considered and.the ratio of the number
of blades to the length of the stipe is shown to decrease stead-
ily with time. This supports the contention that differences be-
tween localities with respect to this feature cannot be directly

attributed to exposure conditions.
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Lamina wWidth

Direct comparisons between localities with respect to blade
dimensions could not be made at the time of each recording as the
development 6f the plants was out of phase. Plants with larger
numbers of bladesvwere naturally closer to the surface so that
blades forming near the apex were subject to different environ-
mental conditions. Comparisons could, however, be made by con-
sidering only mature blades at the same position on each plant.
This was only made possible by the short period of time over which
the experiment was conducted. Maximum widths are given for ma-
ture blades numbered from the base of the frond for all local-
ities in Table 9. These data support the previous findings re-
garding blade width and suggest- that the wide range of values re-
corded throughout the Bamfield region are within the capacity of

the individual plant.
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 DISCUSSION

Considering the relatively narrow range of exposure covered
by the contiﬁuous sampling study it is not surprising that the
morphological differences between consecutive localities were
not more distinct. 1In most cases the trends established through
the continuous'sampling study have proven to be consistent over
a wide geographic range. When only those localities represent-
ing the extremes of exposure are considered the trends are often
more clearly defined. 1In such instances thé occurrence of inter-
mediate values at the remaining sites suggests the presence of a
highly sensitive controlling mechanism.

Although each of the three studies deals with a particular
aspect of the relationship between morphology and exposure, the
full significance of the results can only be appreciated by in-
corporating them into an overall treatment of.the problem. The
fbllqwing discussion deals with individual aspects of the mor-
phology in this manner. ’

Stipe Diameter

The importance of exposure in the determination of stipe
diameter can only be seen in its proper perspective if the effects
of other factors such as the age of the plant and the length of
the stipe are understood. '

Clendenning (1971) has described a relationship between the
"age of the plant and diameter of the stipes it produces. First

generation fronds of Macrocystis pyrifera were generally thinner,

darker coloured and less likely to withstamd the forces gener-
ated by strong wave action than later fronds on the same plant.
Fronds were collected throughout the presemt study without re-
gard to hierarchy and it is likely that if such a relationship

does apply to this species, it would have affected the recorded
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values fof stipe diameter uniformly. First generation fronds of
control plants at Wizard Islet, however, did manage to reach the
surface and appeared no less vigorous than secondary and tertiary.
fronds on the same plants. _ _ |

Although it is possible to define a linear relationship be-
tween stipe diameter and length (Fig.7) it has been demonstrated
that this cannot always be used to explain seasonal fluctuations
within specific localities. At Dixon Island these aberrant fluct-
buations are attributed to seasonal changes in exposure.

| wWhile the lineer relationship could also be used to explain
differences which occur between localities there are situations
where this does not apply. The mean stipe'length was similar for
Amphitrite Point, Raglan Point and Port Hardy. However, the dia-
meters varied in such a way as to suggeet that decreasing exposure
Aresuitswiﬁ“harrewefjstipesmhe same conclusion can be drawn from
a comparison between Scott's Bay and Wizard Islet and the more ex-
?osed site at Hope Island.

The narrow range of stipe diameters recorded from many sites
and the fact that the R values in Figure 7 are not significantly
large suggest that it may be possible to compare many localities
without regard éo stipe length. Under these conditions a relation-
ship between stipe diameter and eXposure becomes more apparent.
Table 4 demonstrates that this relationship'applies over a wide
geographic aree while in the Bamfield region (Fig. 6), it has been
. shown to apply relatively consistently throughout the year. Due
.to frond atrophy data supporting these conclusions were not ob-
tained from the transplant study. ,

The functional significance of this relationship is obvious
but is complicated by the fact that in most cases the thickest
region of the stipe occurred some distance from the holdfast. The

same phenomenon has also been reported by Scagel (1948) and Cribb
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(1954). However, this does not necessarily conflict with the as-
sertion that stipe diameter is related to exposure. |
By the time é frond has become subjected to the full force
of surface wéves its lower portions have already ceased to elon-
gate. The plant hay allow for this by producing a stipe of much.
greater strength during the earlier phases of growth than is ac-
tually required at that time. A less teleological interpretation,
on the other hand, is that a stipe of sufficient diameter to with-
stand the stresses occurring during its formation is later strength-
ened through the incorporation of metabolites from other regions
of the plant. Sargent and Lantrip (1952) and Parker (1965) found
that various sﬁbstances were transported downward from more distal
regions of the plant. Stipe tissue forming further from the hold-
fast and during the rapid phase of elongation would become sub-
jected to strohger dynamic forces before it had matured, resuit—
ing in a correspbnding increase in thickness.
~ In accordance with the above interpretation it is now appar-
ent that plants subjected to maximum exposure during early stages
of growth’would not show a linear relationship between stipe dia-
meter and length later in their development. At Amphitrite Point,
for example, the plantswere collected slightly subtidally in a
surge channel and the diameters of their stipes wefe large in
spite of their short lengths. The plants at Dixon Island, on the
other hand, were not subject to turbulence during summer months.
' This resulted in the formation of uniformly narrow stipes and a
- linear relationship was not defined. That this applies to a
lesser extent throughout the Bamfield region is demonstrated by
Figure 7. A large rangé'of values for stipe length is always as-
sociated with a relétively narrow range of diameters and the lin-
ear relationships were weak.

The maximum diameter recorded throughout the overall study
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is expected to refléct dynamic condition rather than stipe length.
Hence, a value of 12 mm was recorded for two fronds which differed
in length by‘a factor of two. This appears to be the optimal
stipe diametér for the species in Canadain waters (see also Scagel,
1948). |
Stipe L.ength

The length of the stipe is a function of both depth and ex-
_ posure. As the plant grows through the water column it comes in-
creasingly under the influence of wave actioﬁ and tidal currents.
The resistance created by the blades causes the stipe to assume a
diagonal position relative to the surface. Hence, by the time the
apex has reached the surface the length of the stipe is much
greater than the depth of water over the holdfast. Throughout
the entire study there was found to be very little variation in
the length of that portibn of the frond trailing'aléng the sur-
face other than that which could be attributed to the varied pos-
ition of the tide, along with possible seasonal effects. Growth,
therefore, appears to cease shortly after the frond has reached
the surface, regardless of dynamic conditions.
| In sheltered localities the fronds were able to reach the sur-

face over a shorter distance, thus accounting for the relatively
low set of values for mean stipe length recorded for Dixon Island
throughout the year.

Due to the fact that depth readings were not taken through-
"out the spot sampling study it is not possible to apply the above
hypothesis to every site visited. However, there are some obvious
exceptions. Fronds collected from Amphitrite Point, Raglan Point
. and Masterman Island were all growing at or mear the low tide lev-
el and yielded low values for mean stipe length.

Distal Meristematic Region

Cribb (1953) has suggested that the number of terminal splits
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may be related to the growth rate of the frond. According to this
theory a plant with a high level of meristematic activity would
tend to initiate new blades more quickly than they could separate
into individual units.

This interprétation is supported by both the continuous sam-
pling study and transplant study. More exposed localities were
characterized by plants having larger number of terminal splits,
faster gréwth rates of fronds and higher blade initiation rates.
As the growth rate of individual blades does ﬁot seem to be re-
lated to water movement they would tend to éccumulate distally on
fronds in such localities. '

~ The impoftaﬁce of water movement'ih promoting the formation
of terminal splits, hence the growth of the frond, is suggested
indirectly by work on other members of the order. For example,
direct correlation between turbulance and the degree of digitation

of the lamina in Saccorhiza, Laminaria and Hedophyllum has been

demonstrated by Norton (1969), Sundene (196la) and widdowson
(1964) respectively. Norton (l.c.) points out that the series of

meristematic events preceding digit formation in saccorhiza poly-

schides are the same as those described for Macrocystis pyrifera.

Hence it is not unreasonable to expect these events to be initiat-
ed by a common set of stimuli.

If water movement was the only controlling factor one would
not expect the seasonality indicated in Figure 8. The wizard In-
" let site was subjected to fairly strong wave action throughout the
year, yet during the Winter months was characterized by about the
‘'same mean number of terminal splits as the other iocalities in the
Bamfield region. Seasonal changes in light and temperature fol-
lowed the same general pattern as that shown by the terminal
splits. It is beyoﬁd the scope of the present study, however, to

contemplate the significance of these factors relative to one an-
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other. The IOW'Valﬁes encountered at Dixon Isiand during late
summer suggest that high surface temperatures in combination witﬁ
a low level of water movement may have adversely affected the
plants in thét area. Clendenning (1971) attributed a late summer
decline in photos&thetic capéCity of distal blades of Macro-

cystis pyrifera to high surface temperatures.

- Age is also important as older fronds terminate their gfowth
through a reduction in the blade initiation rate with the event-
ual formation of single terminal lamina (Scagel, 1948), (see also
Figure 12). However, the only direct correlation between stipe
~length and number of terminal splits which could be attributed to
this>factor occurred during the Winter of 1970. |

Whereas exposure may promote the formation of terminal splits
it may at times be so severe as to reduce this number by pre-
maturely separating young blades. This is in agreement with Wom-
ersley (1954) who observed that "plants growing ih denser beds
have a broader (terminal) blade with more segments than where the
fronds are more exposed to broken water." He also noted a depth »
effect but this appears to be explained by the fact that submerged
terminal blades would most likely be undergoing rapid growth but
would not be subjected to the full force of surface waves.

Considering all of the factors which can influence the num-
ber of terminal splits along with the fact that the fronds were
collectéd for the spot sampling study at different periods of the
~year, the lack of correlation throughout this study with exposure
is not entirely unexpected.

| The shape of the terminal blade is also highly variable.
Those collected from moderately exposed to sheltered areas were
broadly falcate with a length 3 to 5 times the breadth (Figure 13).
Terminal blades from exposed locations were narrowly falcate ahd

6 to 10 times as long as broad (Figure 14). These descriptions
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are the same astthose used by Smith (1944) in delineating Macro-

cystis integrifolia and pyrifera respectively. It is obvious from

Figure.l4,:hOWever, that the terminal blade has been modified by
the tearing éction on surface waves. Smith's note on local dis-
tribution suggesté that he based his conclusions only on plants
subjected to this sort of treatment. The extent to which these
differences represent genuine responses to environmental condit-
ions is, therfore, open to question.

Blades |

Number in Relation to Stipe Length

Although the linear relationShip between blade number and
stipe length was defined for all localities in the Bamfield re-
gion the slope and position did not vary significantly within the
study}area. The number of blades per unit length of stipe stead-
ily decreased throughout the life of the frond. Since fronds col-
lected throughout the spot sampling study had achieved a highly
varied level of development. the degree of variation occurring
among populations is understandable and is not related to water
movement.

‘Width of Mature Laminae

The results of the two sampling studies suggest that increas-
ing exposure has. a. nafro&ing effect on blade width. 1In Figure
10 this relationship is shown to apply throughout the year while
in Table 4 it is seen to apply over a wide geographic area.

. A seasonal fluctuation in blade width followed a common pat-
tern throughout the study area. The similarity between this pat-
tern and that of the number of splits in the distal meristematic
region suggests the influence of a .common set of factors. The oc-
currence of narrower blades during winter months méy be related
to seasonal changes in wind direction and speed. Figure 1 demon-

strates that weather conditions were most severe at all locations

4
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during this period of the year. On the other hand, dimishing
- light and possible temperature conditions may have caused the
growth of young blades near the surface to cease before achiev-
ing maximum Width. It is also possible that the formation of
smaller blades is'éimply a manifestation of an overall slowing
down of growth processes which occurs aftér the frond has reached
the surface. .

A final factor which should be taken into consideration.is
~ the length of the stipe. North (1971) found that the blades of
greatest width usually'océurred about haif way between the base
and apex of the frond. This phenomenon was observed many times
throughout the present study particularly with respect to older
fronds. This suggests that one could éxpect an inverse relation-
ship between the width of youngest mature blades and the length
of the stipé to apply to fronds which had passed the half-way
point in their growth. A comparison of Figures 6 and 10 suggests
that this. relationship may explain'some of the observed fluct-
uation in blade width.

On the basis of comparisons between blades occupying the
same position on different fronds thé results of the transplant
Study suggest the presence of a high level of environmental con-
trol over lamina width. The ability of the plant to respond in
this manner may, under exposed conditions, conflict with its abil-
ity to produce a maximum surface area for photosynthetic activity.
"However, increased exposure was also characterized by the form-
ation of more highly corrugated or rugose surfaces. This appears
to meet the plant's photosynthetic needs while keeping resistance
to water movément to a minimum. Calm forms were usually complete-
ly lacking in this feature. 1In this respect the type of water
- movement may also figure significantly. Although fronds collected

from Browning Passagewere similar in appearance to those collected
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from the most exposed sites many of the blades had completely
qubth surfaces. This may be related to the fact that, as in
Bamfield Inlet, tidal currents appeared to constitute»the major
form of water movement. A depth effect was.also observed as
b%ades further removed from the influence of surface wave action
were generally less rugose.

In sheltered waters the formation of wider blades would not
only provide a large surface area fqr photosynthetic acti&ity'but
would also increase resistance to water movement. ThiS-may fur-
ther increase the amount of light reaching the surface of the
blades by causing the laminae to assume a parallel position rel-
ative to the surface of the water. |

Norton (1969) has suggested two possible mechanisms by which
turbuleﬁce may control blade width. Rapid water movement may act
directly upon the meristematic zone through the creation of ten-
sion along the surface of the blade, or indirectly through its in-
fluence on the physiology of actively dividing cell. The latter
possibility may explain the growth of narrow-bladed forms of Alaria
esculenta in a laboratory culture systém by South (1970). As he
used a continuously flowing system it is possible that there was
sufficient water circulation of elicit the observed response.

The shape of the base of the blade varied considerablyand in
a fashion simiiar to that described by Parke (1948). She attrib-
uted these variations to differences in the growth rates and de-
scribed three main forms: a fast growing fusiform type, a slower
growing cuneate type and very slow growing.semicircular or sub-
cordate type. These forms were found throughout the present study
but their occurrence appeared to be more closely related to ex-
posure as there was found to be no significant difference in the

growth rates of blades at the same depth from one locality to an
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other. Examples of the three forms are shown in Figure 15, 16,
and 17. | | |

Exposure also plays an important role in the,determination of
blade,length}by promoting deterioration of the distal portions. .
Young laminae aré‘able to counteract this through a high rate of
production of new tissue. waever, erosion continues after growth
ceases and this usualiy results in the complete loss of older
laminae. In Bamfield Inlet the nature of the water motion was
such that decay was not promoted. This résulted in the formation
of unusually long lahinae which occupied much of the stipe.

Grazers and epiphytes are also considered to play in import—
‘ant role in the determination of blade length in more exposed lo-
calities; On the other hand, microbial decay may have been the
major factor-responsible for the short length of the laminae on
plants collected from Dixon Island.

Lamina Thickness

A consideration of only the older laminée collected through-
‘out the continuous sampling study suggests that blade thickness
increases with exposure. This is further exemplified by the re-
sults of the spbt sampling study and agrees with the findings of
Norton (l.c.). There appear to.be two distinct categories: a
thick, tough outer coast form demonstrated by plants from Amphi-
trite Point, Browning Passage, Hope Island and Warren Island and
a thinner, more delicate form characteristic of the remaining loc-
" alities. While there was considerable variation within each form,
there was a complete absence of intermediate values over a range of
about 7 microns.

Although the cortex:medulla ratio did not.vary significantly
with exposure, the corresponding differences in the thickness of
cortical tissue may have been partially responsible for the obé

served variation in texture.
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Spines

| The results of the continuous sampling study suggest an in-
verse relationship between spine length and exposure but this is .
not substantiated by the spot sampling study. Although the spines
“were, at times; much reduced in length or widely spaced, under.no
conditions were they found to be entirely absent from sterile
laminae. _ |

The position of the spines relative to the edge of the blade
does appear to vary in a fixed pattern. Under exposed conditions
the spines Eend to lie close to the edge of the blade (Figure 18),
possibly as a means of reducing friction. On the other hand, in
sheltered localities they tend to projeét outward, often forming
an angle of 90 degrees (Figure 19). 1In this case the effect
"~ would be to increase friction, thereby creating as much drag as
possible along the edge of the blade. The‘possible benefit of in-
creasing drag to the plant has already been discussed in the sect-

ion on lamina width. Similar observations on the position of the

spines of Macrocystis pyrifera were made by Brandt (1923).

Pneumatocysts

As in the case of blade thickness, the pneumatocysts seem to
be distinguished by an outer and inner coast form. Skottsberg
(1907) found the pneumatocysts from the most exposed localities
to be of such large dimensions as to warrant the use of the spec-
ial descriptive term "longibullata". This term would apply equally,'
“well to local plants from the outer coast. The occurrence of ‘
smaller pneumatocysts at Amphitrite Point is attributed to the im-
mature status of the sample blades. Skottsberg also described a
short, wide, pyriform type characteristic of less exposed sites.
Similar forms were occasionally observed throughout the spot samp-
'ling study usually at localities described as moderately exposed;

Generally the inner coast forms were very similar in appearance to
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outer coast forms and differed only invover all size.

The dimensions df the pneumatocysts varied throughout the en-
tire range of exposure in such a way as to suggest that decreasing
exposure haé’a reducing ° effect. However, with particular re-
gard to length this variation was not as consistent as some of
the other features considered. . |

The occurrence of stronger dynamic forces along with the
greater thickness of the lamina in more exposed areas may be re-
lated to.the formation of pneumatocysts of larger capacity as both
these factors would tend to draw the fronds away from the surface.

The greater influence of wave action near the surface may
have been responsible for the occurrence of larger pneumatocysts
at the 3/4 position at ail localities in the Bamfiéld region ex-
cept Wizard Islet. )

The very small pneumatocysts observed at Dixon Island seem to
‘represent an anomalous situation characteristic of only the most
sheltered waters. Similar pneumatocysts have been described for

loose lying populations of Macrocystis pyrifera (Moore, 1962).

Lindauer, Chapman and Aiken (1961) reported a complete absence of
bladders on plants growing under similar conditions.
QUALITATIVE OBSERVATIONS
‘Holdfast

The morphology of the holdfast was generally uniform over a
wide range of exposures with one notable exception. Instead of
- being closely adherent to the substrate the rhizomatous portions
of the holdfasts of plants growing in Bamfield Inlet appeared to
lose their polarity and gave rise to a compact network of long,
narrow descending haptera. This resulted in the formation of a
bee-hive shaped holdfast, the center of which was often completely
decayed or eaten away. .

Neushul (1971) reported a loss of geotropism in the holdfaét
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of Macrocystis pyrifera but attributed this to the influence of

warm water. This explanation does not appear to apply in the
present situation as even the:oldest holdfasts at other sites in
the Bamfieldiregion remained closely adherent.to-the substrate.
Parke's (l.c.) suggestion of'a substrate effect also does not seem
to apply as most bf the plants in Bamfield Inlet were growing on
solidnor broken bedrock. . | '

Why the plants'should respond in this way remains Very much
a mystery. Other laminarialeans growing in Bamfield Inlet re-
sponded in a similar manner, often forming large holdfasts which
were very poofly attached. 1It is possible that the plant does
" not become firmly attached to the substrate because to do so would
constitute an unnecessary expenditure of energy which could other-
wise be diverted to storage processes in the haptera. A large,
densely packed holdfast could also serve an anchoring function
for a plant which is growing in very sheltered waters.

Sporophylls

Certain aspects of the morphélogy of the sporophylls tended
t0'va#y greatly within and among localities. While environmental
factoés may have had a modifying effect, the nature of this vari-
ation appeared to be more closely related tothe nature of their
precursors.

Those sporophylls which occupied the most proximal positions
on the stipe wére either derived from the first lamina to separate
from the young frond or from a basal meristem which failed to give
fise to a new lateral. As such, these sporophylls generally lacked
pneumatochts and were usually highly ramified. Neushul (1962)
pointed out that the origin of the sporophylls was also reflected
in the branching pattern, being symmetrical in the former case and
asymmetrical in the latter. Sporophylls further removed from the

base of the plant resembled more closely the sterile laminae.
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Pneumatocysts and spines were usually present and branching be-
‘came less prevalent with increased distance from the holdfast. -
These sporophylls tended te show the same general responses to
exposure conaitions as have already been described.
THE ENTIRE PLANT

This study has clearly demonstrated the wide range of mor-
phologies which enable the plant to occupy many of the varied
habitats characteristic of local waters. In many ways the nature
of the relationship between form and environment has been shown
to comply with the geheral pattern already established throughout
the order. ' o

The results of the transplant study suggest that the mechan-
ism of mofphologieal adaptation in the Bamfield region is phenoty-
pic plastieity. The apparent ability of the plants tb respond to
seasonal fluctuations in dynamic conditions within a locality and
also within individual fronds supports this conclusion.

Whether phenotypic plasticity is solely responsible for the
entire range of morphologies which were observed is still very
much open to question. The forms found growing on the outer coast
were, in some respects, so strikingly different from inner coast
forms as to suggest the presence of at least two categories of
gene pools. North.(l9é9) has demonstrated that the majority of
.the spores which are liberated from a mature sporophyte probably
complete the life cycle within a short distance of the parent.

" Therefore, it is quite possible that the two forms have resulted
through continuous inbreeding while the potential for a high degree
ofnpolymorphism has been maintained. This would continue to be
essential in an environment where dynamic conditions can vary sig-
nificantly over a very short distance. Whether genetic isolation
has resulted in the establishment of separate species or varities

has"yet to be demonstrated.
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SUMMARY

Several aspects of the habit of Macrocystis integrifolia Bory

have proven to be highly variable. The overall morphology of the
plant is reiated to the nature and extent of water movement to
which it is subjécted throughout its development.

Under exposed conditions the plant must assume a form which
will enable it to withstand the stresses created by rapid water
movement . .Thus, plants growing in such areas are characterized by:

stipes of large diameter; |

narrow, thick, tough laminae which are cuneate at the base,

spines set close to the.margins of the laminae,

large, tapering pneumatocysts,

holdfasts which are closely adherent to the substrate and bear

short, wide haptera.

As the horizontal component of water movement tends to draw
the‘fronds away from the surface, plants subjected to broken water
or strong tidal currents require pneumatocysts of larger capacity.
The inclination of the fronds also necessitates the formation of
longer stipes than would be required by plants growing at the same
depth in sheltered waters. This is compehsated by a higher rate
. of stipe elongation throughout the‘exponential phase of growth.

Rapid water movement also stimulates blade initiation. Hence
the number of segments in the terminal lamina may provide an in-
dex of the developmental rate of the plant, particularly as the

" elongation of individual laminae does not appear to be a function‘
of exposure. However, as the form of the termainal lamina can also
be influenced.considerably by the damaging effects of broken water
and by the age of the frond, this feature is not considered to be
a reliable indicator of dynamic conditions.’

The laminae of plants from exposed sites also tend to be more

highly rugose. This appears to serve the function of providing a
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large surface area for light absorbtion without greatly increas-
ing resistance to water movement.
 In sheltéred waters there is less emphasis on stress and
friction. Thus plants growing under these conditions have:
narrow stipés, | '

wide, thin, delicate laminae which are cuculate at the base,

outward projecting spines,

small, often globular pneumatocysts,

holdfasts which are not closely adherrent to the substrate

and bear long narrow haptera.

Besides providing a large surféce_area for light'absorbtion
thé overall morphology of the laminae may also enchance photo-
syntheis by enabling them to take advantage of mild current flows
in assuming a horizontal position in the water column.

The length of the mature laminae is a function of several
factors in addition to Qater movement. These include tissue
strength, grazing pressure, epiphytes, microbial activity and age.
Thus, it is not possible do draw firm conclusions regarding the
effects of watepmovement without greatly reducing the number of
variables. 4

While the sporophlls tend generally to reflect dynamic con-
ditions in much the same way as sterile laminae their morphology
is also influended to a large extent by the nature of their pre-
cursors. |

A wide range of intermediate forms hawe been described from
‘sites subjectéd to less extreme conditions. The results of a
transplant study, seasonal fluctuations within populations and
variations within plants suggest that the mechanism of response
is phenotypic plasticity. However, some aspects of the plants ob-
served at the exposed or outer coast sites suggest that they may
be genétically distinct from inner coast forms. The most con-

sistent feature upon which a taxonomic separation might be based
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is lamina thickness. Further studies involving the two forms

are recommended before such a step is taken.



Figure 1. Measurements of wind direction and speed (m.p.h.)
taken throughout 1970 at Cape Beale at the south-
east entrance to Barkeley Sound. Three recordings
were taken daily at 0700, 1200 and 2000 hours.

Wind speed is indicated as follows:—D ...l = 10;
N ...11 - 20;83 ...above 20. (These data were
- provided by the Government of Canada, Meteorlogical

Service).
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Figure 2a. Coast of British Columbia and‘Southern Alaska shoWing sites

visited throughout the spot sampling study.
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Figure 2b.

Sites visited throughout the continuous sampling study.
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Figure 3. Near-surface temperature/salinity diagrams based on measure-
ments taken at the four Bamfield sites throughout August, 1970.

‘Depth readings are in meters.
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Figure 5. The Wizard Islet trensplant site following the
experiment. A transplant stone bearing the silicone

rubber strips remains cemented in.- place in the

foreground.



Figure 6. Variation with time of mean stipe diameter and length at the
four continuous sampling sites throughout 1970. Maximum and

minimum values are indicated by the horizontal bars.
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Figure 8. Variation with time of the mean number of terminal splité on
fronds collected throughout the continuous sampling study.
A Wizard Islet, W Scott's Bay, @ Bamfield Inlet, O Dixon
Island. Maximum and minimum values are indicated by hofizontal

bars.
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Figure 9. Recorded values of blade number and stipe length for fronds
collected throughout the continuous sampling study. A
linear relationship is expressed.gravhically for all sites.

The significance of the term "R" is explained in the RESULTS.
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Figure 12. Transplant sﬁudy. Growth in length of primary fronds.
A Wizard Islet, B Scott's Bay, @ Bamfield Inlet,

O Dixon Island.
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Figure 13. A distal meriatém_tic region of a plant from Wizard
Islet. Note the bladder which is beginning to form

at the apex of the stipe.

Figure 14. A distal meristemt'idc region of a plant from H0per

Island.
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Figures 15, 16, 17. Basal portions of blades collected during the sampling

studies. The exposure categories are (from left to right):

moderately sheltered, moderately exposed, exposed.
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Figures 18, 19. Margins of laminae from an exposed (18) and moderately

exposed (19) site. Note the outward projection of the spines

on the lamina from the less exposed site.



Chart Location
Number '

Date

(Spot Sampling Study)

1 Raglan Point,
Balaklava Is.

2 Amphitrite
Point

% - Masterman
Island

4 Hope Island
5‘ Hope Island
6 Browning

Passage

'7 Port Hardy

10/04/70

- 30/04/70

12/09/70

14/09/70

14,/09/70

16 /09/70

116/09/70

Coordinates Open Fetch_(n.m.) Exposure Commenfs

Angle Max.

N: 50252' Nil =
W:127°38,1¢

N: 55°23*  180°

W:125°32,52¢

N: 50245;4' 80° 28.0
W:127%25.2¢

N: 50°55.2t 125° Unl.
w:127°59.51
N: 50054.3' 180°
“]3127 5901'-

N: 50951.35" = = - -
W:127°38.25"

(o]

N: 49°43.31 22° 12.0

w:127°29,15¢

“

2,8'

Unlimited

12.0

18

2.8

12,0

Min. Category

M.S.
E.
M.E.
E.
E.

E,

S.

In a small cove, sheltered from -

the direct force of onshore
winds. :

Plants growing at about zero

‘tide level in a surge channel.,

Protected only by an offshore
bed of Nereocystis

In a slight indentation of the
shoreline. Subjected to large
waves from the northwest.
Slightly less exposed than (4).

Subjected:to unimﬁeded waves
travelling along Browning Pas-

- sage and to strong tidal flows.

Probably sheltered during sum-
mer months, becoming moderately
exposed throughout winter due
to prevailing northerlies.

Table 1. Sites visited throughout.the'Spot Sampling and Continuous Sampling studies Exposure

terms aré: E.~ exposed, S - sheltered, M - moderately. ZTFetch is given in nautical miles;

The term "open angle" describes the angle through which the site is subjected to onshore

wavese.

_Lg_.



Chart Location Date
Number

8  Deer Island 17/09/70

9 - Warren Island 14/01/71

.10 : éépe Daphne 18/b1/71

(Continuous Sampling Study)

Wizard Island - - =
Scott's Bay - - -
Bamfield - - -
Inlet

Dixon Island

Table 1. >Continued.

Coordinates Open Petch (n.m.) Exposure Comments

W:125°% 6.95!

Angle Max.
N: 50243;3' 70° 12,0
w:127°23,0!
N: 55352'59" 25° 8.0
W:133%51115"
N: 50244.65'170° 7.0
W:127°26.9"
N: 50251.46'120° 2.7
W:125° 9.4¢
N: 48250.15'1209 7.6
W:125° 8.6° :
N: 48256.1' 38° 2.8
W:125° 8.1' |
N: 48951,25'110°

37

12,0

8.0

0.7 -

1.3

1.1

2.2

0.6

Min. Category

M.E. Force of waves somewhat dampened
by an offshore series of emerged
rocks. ' :

M.E.~E. Macrocystis found only along the
. north side of Warren Cove. Rip=
pling of the sand at about 40
feet suggests the occurrence of
heavy surface wave action.

M.E.

M.E.
M.S.
S.

S .,-M QEO

_8(_;_
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Month Sample Size Variance | Proba-
Fronds| Laminae | Ratio bility
per per F
Site Frond
April 3 2 15,32 0.0032
May 4 4 6.46 0.0126
June 4 4 7.29 0.0087
August 3 3 2,56 0.1502
October 3 3 2.62 0.1450
December 3 3 1.10 0.,4162

Analysis of variance among the four continuous

laminae. The term "Variance Ratio" is explained

sampling sites for width of young mature

in the RESULTS. Probability values are for

common meanses




Table 3. Analysis of data obtained from sample blades which were col-

- lected in the Bamfield region during April, May and June of

1970, Variance ratios and probability tables apply only to

. blades obtained half-way along the stipe from the holdfast.



Peature ILocation Position Mean

Lamina
Thickness

(u)

Wizard
Islet
Scott's
Bay

' Bamfield

Cortex:
Medulla

Spine
Length

(mm.)

Inlet

Dixon

‘Island |
W.I.

S'tBo

B.I.

on Frond

1/2
3/4
1/2
3/4
1/2

3/4
/2

3/4
1/2
3/4
1/2

3/4

1/2

3/4

1/2
3/4
1/2
3/4
1/2
3/4

1/2

344
1/2
3/4

367 <
314
327

328

309
329
323
286
2.45
2.71
5.24

2.78

4440
5.41
4.09
4.34
2.9
4.1
4.6
4.9
5.0
5.2

4.6
5.3

Max.

433
401
390

409
351
381
367

349

3.58
5.05
10.3%4
4 .54
6.32
16.50
6442
8.17
4e2
546
6.2
6.8
8.8
T7
6.0
6.8

264
249
242
240
244
263
281
224
1.76
0.59

"3.08

1.10
2.64

1.66

3.12
l.22

3,1

2.1

! 1.9

3.8
2.8
3.0
340
3.2

Standard Sample Variance Sheffe's Test

Error

24.65

21.94
17.47
14.52
9.65
11.37
9.95

17.93

0.23
© 0.51
0.64
0.29
0.31
1.43
0.31
0.79
0.42
0.51
0.40
0.24
0.51
0.48
0.26
0445

Size

7
'8
10
12
12
11
11
8
7
8
10
11
11
11
11
8
5
7
10
11
11
11
11
7

Ratio

2.42

6.28

3419

Table of Probabilities
W.I. ‘S.B:. BQI'Q
SsBe 043919

- Be.L. 0.,0874 0.8309

D.I 0.2849 0,9972 0.,9096

W.I, S.B. B.I.

. 5.B. 0,0018

B.I. 0,03%9% 0.5454
D.I. 0,1046 0,2807 0.9616

W.I. S.B. B.I.
S.B. 0.1583

B.I. 0.0387 0.8876

D.I. 0,1307 0,9998 0,9120



Feature

Pneumato-

cyst
Length

(mm.)

- Diameterx
(mm o.)

W.I.

S.B.

Bo_Io'

D.I.

Wle

SOB.

B.I. -

D.I.

Location Posn,.

on Frond

1/2

3/4

1/2

3/4
1/2

3/4
1/2
3/4
1/2
3/4
1/2

3/4

1/2
3/4
1/2
3/4

Mean

558
51.5
50,9
6345
52.8
61.3
37.5
39.3
16.7

"~ 15.0

16.0

1647

13.5

13.37°

11.5
12.1

Max.

70.0
70.0
65.0

85.0

75.0
85.0
50.0
50.0

23,0

21,0
20.0
20,0
18.0
16.0

13.0

Mine. )

40.0

22.0
35.0
45.0
25.0
35.0
20,0

.30.0

13,0
7.0
11.0
11.5
9.0
11.0

6.0

11.0

Standard Sample Variance Sheff's Test

Errox
4.73

' 5.03
3.27

4,02
4.17
4.63
2.55
2,77
1.41
1.58

~ 0.81

0.76
0.70
0.48
0.91
0.30

Size
6
8

10
10
12

11

11
7
6

10 .
10
12

1

11 -
7

Ratio
4,83

6435

Table of Probabilities
 W.I. S.B. B.I.

S.B. 0.8755

B.I. 0.9648 0.9844

' D.I. 0,0329 0,0897 0.0293

V.I. S.B. B.I.
S.B. 0,9762

B.I. 0.1967 0.2608

D.I. 0.0116 0.0105 0.4690



Location o Stipe Lamina

Length (m.) Diameter (mm.) Number #/L  Width Terminal Splits
Frond Mean Frond Mean Frond Mean Ratio Frond Mean Frond Mean
7) Port Hardy 3.75 3.75 6.0 - 6.17 48 45,66 13,51 11.05 12,87 1 6.7
2.40 6.0 39 15.45 14
4.00 6.5 50 12,10 5
1) Raglan 2.90 3.37 7.5 6.90 53 50.4 14,96 21.03 29,67 27 23,2
Point 3.16 7.5 51 24,10 20
3.40 6.5 49 16.53 25
3.60 6.0 46 18.66 16
3.80 7.0 53 23,05 28
3) Masterman 2.46 2,39 7.0 7.75 31 26.5 11.08 20.85 15,18 13 11.5
Island 2,32 8.5 S 22 9.50 10. :
- 8) Deer 7.00 7.22 8.5 7.83 - 49 51.99 7.06 15.70 16.26 5 5.7
Island . 8.42 8.5 62 16.82 11
: : 6.25 6.5 42 -- 1
10) Cape 3.95 4,24 7.0 7.0 35 30.33 7.15 13.86 13.39 8 6.7
Daphne 6.00 - 7.0 29 14.60 5
2,78 7.0 27 11.70 - 7
9) Warren 6.00 4.67 9.5 9.10 43 .39.12 8.39 13.58 9.88 9 5.2
Island 2.80 9.0 35 . 6.85 -
' 6.40 10.0 . 46 9.03 12
7.30 11.0 53 10.05
0.87. 6.0

19 o-- -

Table 4, Measurements of fronds collected throughout the spot sampling study. Arrangement
is in order of increasing exposures,



Location

length (m) Diameter (mm.) Number
Frond

Stipe

Frond Mean Frond Mean

2) Amphitrite 1,72

Point 4,82
- . 5.16
2.48
2.35
5.52
2,20
4) Hope 2.35
Island 6.95
5) Hope 5.90
Island 8.00

' 6) Browning  10.75
Passage 17.18

Table 4. Continued.

3.46

SCLOOOWULO

~N~J 00 00~ 00~
. « e e e

9.30

0 ®
w O
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49
20

43
54

23
49
35

24
57
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56

65

75

Mean Ratio

39.0. 11.27

40.5 4.36

53.0 7.63

70.00 5.01
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6.15

7.08

10.33

9.21
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Mean Frond Mean
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1.7

8.5
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1.0



Location

7) Port
Hardy

1) Raglan
Point

3) Masterman
Island

8) Deer
Island

10) Cape
Daphne

. 9) Warren
- Island

Table 5.

Thickness (u) Cortex:Medulla Le

Frond Mean

254
330

367
366
295
359

240
432

352

#*
(339

292

347

336

352

331

598

Lamina
Frond

9.00
7.13

6.01
4,29
6.43
7.72

17.25
7.50

10.93

Mean

8.57

6.14

12.38

10.93

5.9

4,78

&~
Pl )

(=)0 Sl e W e )]

=N

Spine
ngth (mm.)
Frond Mean

SO NN

-

4,

Frond

3 50
75

.7 65
60
55
70

.7 65
70

.2 110

85
80

55

8 - -
95

- 100

Pneumatocyst _
Length (mm.) Diameter mm.)

Mean

62.5

62.4

67.5
110.0

73.3

97.5

Frond Mean

9
15

25

23 -

23
24

22
20

18

27

25

19

26

25

Measurements of blades obtained throughout the spot sampling study.

12.0

23.8

21.0
18.0
23.7

25.5

Blades

were taken from the 1/2 position when available. Those marked with an

asterisk were taken from the 7/8 position.

the same plant; i, immature lamina,

Other symbols used are: (, from

-$o-



Location Lamina Spine Pneumatocyst

Thickness (u) Cortex:Medulla Length (mm.) Length (mm.) Diameter (mm.)

Frond = Mean Frond Mean Frond Mean Frond Mean Frond Mean
2) Amphitrite %40 491  5.46 5.39 5.0 4.3 50 52,0 14  14.9
528 6.87 4,5 55 17.5

1518 5.38 2.7 55 ' 13
479 3.85 4.9 50 15
- - - - - - 50 14

4) Hope 656 589  10.74 10.50 4.9 4.9 80  80.0 - 21.0
Island 521 9,46 - - 80 21

5) Hope 571 580 10.70 10.65 6.5 6.5 90 80.0 23 19.5
Island 589 10. 60 6.5 70 : 16

6) Browning 579 711 6.12 8.51 5.4 6.5 80 85.0 23 20.5
Passage 843 : 10.90 . 7.0 90 18

Table 5. Continued.

. _Sg—



Location |Plant |[Mean Daily Increment - Maximum Daily Maximum Rate of Laminaj
Number |Through Exponential Phase |Increment (em./day)|Initiation per Day -
izarda: | - 1 7.80 D 9.83 0.59
Scott's 1l 2.80 . : ) 3082 0032
Bay 3 3.23 3.48 - -
5 2,70 ' 3.42 0.32.
N - - 3.50 0.21
Bamfield 1 3.23% : 4,21 ; 0.41
Inlet 3 3.76 .- 4070 ‘ 0041
- 5. -- 3,00 0.25
Dixon 2 - - , . 3.53 ) 0.42
ISland 3 1.16 . 1043\ » 0036
o ’ 4 -- 4053 0042 :
5 - 3.30 : T 4,25 ‘ 0.27

’

Table 6. Growth of primary fronds and initiation féteé’for;

laminae recorded throughout the transplant study.

—99=




Location Plant

Number Number Elongation

Wizard
Islet

Scott's
Bay

Banmfield
Inlet

Dixon
Island

(cm./day)

1 5 4.17
16 _ 3450
2 3 . 2.84
7 2.96
3 2 . 2.83
- 3,94
10 3.14
1 5 0.44
10 2.00
12 1.71
2 7T 2.9
11 2.78

R Y 3,20
5 5 - 0,92
| 9 . 1l.28
13 1.86
7 1 1.20
3 3.29
3 1 1.66
2 2,54
2 2 3469

5.07 .

Lemina Max. Rate of

Variance

Scheffel!s Test:

Ratio (F) .Table of Probabilities

3.78

Table 7.

V.I. S.B. B.I.
S.B. 0,1710
B.I. 0.7153 0.9984
D.I. 0.733%3% 0,0522 0,2568

Growth of laminae on plants
involved in the transplant
study. The term "variance
ratio" is ekplained in the
RESULTS., Probebility values

are for common means.

_L9_



Table 8. Transplant study. Variation with time of the mean number

of blades per meter of stipe for primary fronds.



Location| Wizard Islet Scott's Bay Bamfield Inlet Dixon Island
Plant # 1 3 5 1 5 7 1 3 5 3 4 5
1/07/70 26.32 | 17.74 | 38.46
30/07/70 | 17.27 | 43.47 | 27.65 _
31/07/70 13.72 | 10.94 | 20,00
13,/08/10 35,00 | 38.46| - = -
15/08/70 | 12.27 | 18.46 | 12.85
16 /08/70 9.82 [ 10,97 | 11.76
17,/08/70 20,00| 33.33| 33.33
27/08/70 22,50 29.09| 43.75
29/08/70| 11.33 | 12.9%3 | 9.58
30,/08,/70 9.45 | 7.69| 9.78| 15.39| 23.33| - - -
2/10/70| 9.82| 7.81| 9.73 _
3/10/70 8.60 | 9.90| 6.55| 16.67| 16.15| 25.00| 15.66| 6.42 [15.18
31/10/70| 8.38| 6.61| 8.50| 8.57| 9.87|- - | 9.73| 10.65| 13.71| 12.50| - - -| 10.39
5/12/70| 8.81 | 6.36 | 8.24

f89-‘.



Location-

Table 9. Transplant study... maximum width,in

Wizard Islet

- Plant # - 1l
1 11.5
2 9.3
3 11.0
g o

e .

@ 9 13.3

<]

'é‘ 6 1007

A T 15.4
8 17.0
9 15.7
10 17.7 -

3

7.0

9.0
10.8
12.2
10.5
13.0
14.0
16,0

5

B.2

9.0

9.6
10.5
11.1
13.0
15.2
15.2
18.5
17.0

Tel
9.8
13.1

13.5 -

13.4
15.4
14.8

Scott's Bay

base of»the primary stipe.

8.0
9.7

7

11.8
14.0
16.5

7.2

21.4
21.9
22.2
14.4

Bamfield Inlet

Dixon Island

2

11.3
16.0
19.6

20.2

17.1

3 4
7.2 7.0

centimeters,of mature laminae numbered from the
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ABSTRACT

A field culture apparatus employing germanium dioxide
to inhibit diatom growth was designed and tested. Through
two experiments, set up at Bamfield on the west coast of
vancouver Island, a design was achieved which provided satis-
factory control for up to 33 days on less than 1 gm of the
inhibitor. Adverse effects on the microscopic phases of

Macrocystis integrifolia Bory attributable to the presence

of GeOy were not detected.
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INTRODUCTION '

A common problem in culture studies of microscopic phases of -
marine algae has been the accumulation and growth of contaminants,
the most notable of these being diatoms. High concentrations of
diatoms impede microscopic examination of culture slides and may
also inhibit normal growth and.development Qf gametophytes in the
laminariales (North, 1970). This prospect is of particular sig-
nificance as the présent study was born out of an attempt to cul-

‘ture the gametophyte ahd early sporophyte of Macrosystic integri-

folia Bory under natural conditions.

A major advancement in the control of diatom concentrations
in laboratory culture studies hés.been the use of germanium di-
oxide (Ge0Oy) in concentrations of 1 to 10 mg/lv(Lewin, 1966) .
In view of the high level of control attained it appeared feas-
ible to extend this téchnique tovfield culture studies. Lewin

has demdnstrated'that concentrations of GeO, as high as 64 mg/1

did not.afféct the growth rate of Chlamydomonas moewusii, a non-
silicified green flagellate. Similar evidence has not been ob-
tained for the gametophyte or young sporophyte in the Laminariales.
The use of GeOy in undetermined strength in the field however,
attached new significance to this question. An experiment was

conducted to detect and assess the extent of this problem.
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~ MATERIALS AND METHODS

Apparatus

An ig_giﬁg_culture apparatus (Fig. 1) was designed which
utilized natural tidal current flows in its operation. The re-
search site chosed was located at the mouth of Bamfield Inlet on-
the west coast of Vancouver Island. A‘semi—diurnal tidal cycle
provided a regular ebb and flow current with a maximum of about
one knot. | '

The culture chamber consists of a perspex cylinder which
accpmmodatés six glass slides (37 x 25 mm) in series. These are
held in place by a border of plastic tubing on each side. To the
forward (inflow) and of the chamber is attached a Geoé diffuser
consisting of a funnel which amplifies and directs the current
through a Nalgene aspirator type vacuum pump. To the suction
nozzie.of the vacuum pump is attached a 60 ml. plastic bottle con-
taining 1 g of GeO,. Removal of a perforated rubber stopper placed
at the outflow end of the chamber permits access to the culture
slides.

Two apparati are positioned side by side on a plastic stand
(Fig. 2). The forward end of the stand is attached directly, by
swivel connectbrs, to a main positioning line running vertically
between an anchor and a float. Two monofilament suppdrt lines
serve to level the stand while a fin at the aft end keeps the dif-
. fusers facing into the current. The apparatus is assembled and
maintained through the use of SCUBA.

Preparation and Analysis of Culture Slides

The culture slides were placed in the bottom of a plastic
aquarium (21 x 31 cm) containing 1200 ml of filtered seawater.
Cooling water was pumped continuously from Bamfield Inlet. The

- slides were innoculated from a fresh spore suspension and main-
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tained for 24 hours in the dark. The young gametophytes were
labelled for future identification with Calcofluor White fluour-
| escent brightener at 0. Ol% for two hours ( from Cole, 1964).
This substance was taken up by the cell walls and could still be
detected under U. V . light after 33 days in the sea.

The prepared slides were placed in the plastic guides and
inserted into the culture chambers. These were transported in
seawater to the site and placed in position on the culture stands.

Slides periodically collected from the chambers were placed
in 5% formalin/seawater solution for future study. Efficiency of
control was assessed by counting the total number of diatoms
crossed by a 0.039 mm horizontal line at 400X over a vertical dis-
tance of 15 mm. Values givenAin the text represent the mean of
thrée random samples. |

Control of GeO,_level

The solution rate of the GeO, was adjusted by alterlng the
size and position of an inflow port in the side of the inhibitor
bottle. The diameter of this port determines the amount of water
entering the chamber by way of this secondary route. The height
of the port above the base of the bottle determines the extent to
which eddy diffusion influences the solution rate. Two expériments
were conducted with'the aim of achieving a design that would pro-
vide a desirable level of diatom control with a minimal uptake of
the inhibitor.

Experiment 1 was set up_ét a depth of 5 meﬁers below zero
tide level on August 5, 1970. Three variations in the size and
position of the secondary intake port were tested (Table 1, test
designs A,B,C). The rate of uptake of the inhibitor increases
through designs A to C. Two crystalline forms of the inhibitor
differing widely in solubility were employed. A relatively slow-

dissolving form supplied by the Fisher Scientific Co. was used in
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test designs A, B and C, while a more soluble form supplied by the
‘British Drug House was used only in designs A and B (designated
D and E). All tests were run against a control lacking GeOy .
Slides were collected at intervals of 4 days. |

Through the duration of experiment 1 a well defined plank-
ton bloom occurred in Bamfield Ihlet and adjacent waters. From
visual observations made during the previous year and supported
by Secche disc readings*, it was expected that this bloom would
cease during late August or early September to be followed by a
bloom lasting only about two weeks in early October. A second
" experiment set up in early Fall would therefore serve to demon-
strate the relationship between the relative efficiency of each
design and seasonal fluctuations in the concentration of diatoms
in the water column. | '

Experiment 2 was set up on October 12 at the same depth ahd
" location as experiment 1. Test designs A, B and C employing only
the less soluble form of the inhibitor were run against a control.
One collection of slides was made after 33 days. |

Effect on the Gametophyte and Early Sporophvte

The development of the gametophyte and early sporophyte was
'compared using plants treated with GeO, and controls. Control |
slides from the previous experiments could not be used for this
purpose due to the high concentrati ons of diatoms present. A
single stand was set up on August 6, 1970 at a depth of -7.5 "
:meters. At this level a distinct increase in visibility was felt
to indicate a decrease in diatom concentrations. A test apparatus
of deéign C employing the Fisher form of GeO; was run against a
control. Slides were collected at intervals of 4 days.

A system described by Norton and Burrows (1968) was used to
assess the rate of development of the plants. The presence or ab-
sence of the following étages.were recorded:

*Data of the Bamfield Station.



1)

2)

3)
4)
5)
6)
7)

8)

the ungerminated spore; ‘
a spore with a germ tube, characteristically dumbell

shaped:

- a gémetophyte with either antheridia or an extruded egg;

sporophyte produced but compdsed of only 10 cells or less;
sporophyte composed of 11 fo 20 ceils;
sporophyte composed'bf 21 to 30 cells;

sporophyte composed of 31 ﬁo 50 cells;

sporophyte composed of 51 to 100 cells.

Recordings were made of 40 plants Qn’each culture slide, and the

" results of this experiment are presénted in Table 3.
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RESULTS AND DISCUSSION

Diatom concentratlons were satlsfactorlly reduced in test
designs B, C D, E and A, B, C of experiments 1 and 2 respectively
(Fig. 3, Table 2). . That this effect can be attributed to the use
of the inhibitor is demonstrated by the controls in both exper-
iments. | |

In design A the inflow port waé restricted in diameter and
placed well above the bottom of the inhibitor bottle. The reduced
circulation resulted in a low solution rate of the inhibitor and
"a high level of diatom contamination. The use of a more soluble
form of the inhibitor in a bottle of the same design (D) in ex-
periment 1 resulted in a définite suppression of diatom growth.

The uniformity of results obtained from tests B, C, D and E
suggests a limit in the efficiency of the apparatus beyond which
-further percent reductions in diatom concentrations could not be
achieved. The plankton bloom found to occur throughout experiment
1 resulted in the accumulation of relatively large numbers of dia-
toms on all slides. Although a short bloom did occur during the
early stages of experiment 2 the water had completly cleared by
the 33rd day. The results indicate that under such conditions al-
most complete elimination of diatoms could be achieved (Fig. 4a,b).

A visuval inspection of all GeO, bottles in experimenﬁ 1 after
26 days indicated that only in test design C was replenishment re-
"quired. The inhibitor was completely depleted from the same bottle
in experimeﬁt 2 after 33 days. In light of this fact the discrep-
encies observed between tests B cnd C of experiment 2 are not con-
sidered‘significant.

An overall evaluation suggests that a large inflow port
placed near the top of the inhibitor bottle (design B) provides op-

timal control. Further increases in the concentration of GeOp
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were achieved by 1dwering the level of the inflow port as in
design C or by using a more soluble form of the inhibitor are not
" required. ) _ :

Whereas’plants.grown on control slides tended not to pro-
duce sporophytes, those subjected to GeOp followed a de&elopment—
alvsequence characteristic of the order. This discrepancy may be
related to adverse effects caused by the greater accumulation of‘
diatoms on the control slides (North 1970). There is insufficient
evidence.to support the alternative possibility that the inhib-
itor had a stimulatihg_efféct on the plants under study.

As the apparatus was tested under a limited set of conditions,
it is considered likely that factors even more conducive to dia-
tom contamination could be encountered. For example, any in-

- crease in the concentration of diatoms in the waterICOIUmn would
tend to cause a proportionate build-up of diatoms on the culture
slides. The flow of seawater through the culture chamber could

- be, subsequently feduced through such minor modifications in design
as the use of a small intake funnel. Uptake of the inhibitor |
could be'adjusted accordingly.

Contamination by organisms other than diatoms was not a sig-
.nificantiproblem in the experiments although a gradual thinning out
of gametophytes strongly suggests the presence of herbivores. A
large variety of zooplanktefs‘werezobserved from time to time but
these tended to remain sparsely scattered over the slides. Season-
~.al variations in the nature and extent of this problem have been
discussed by Jones and Dentv(;970). _

The basic principle behind the design and operation of the
apparatus permits some degree of versatility. In some localities
it may be more convenient to adapt the apparatus to current flows
other than those generated by tides. These include rivers and

vertical and horizontal components of wave motion.



vFig. 1. Schematig representation of the in situ culture apparatus.
Current. flow is from right to left., b. barrier screen,
c.c. culturé chamber, c.s. culture slides, f. funnel, i,
inhibitor bottle, i.p. éecondary inflow port, o.p. outflow

port, v. vacuum pump.






Fig. 2. The assembled culture apparatus.






Fig. 3.

Experiment 1. Mean number of diatoms éer sample on slides
collected from the field at 4 day intervals throughout the
éeriod August 6 to 30, 1970. Each line represeﬁts a dif-
ferent test design of the culture apparatus (refer to Table
1). GeO; was used in all designs except thé control (F).

Data for design E, for the purpose of clarity, was not included
in the graph, having conformed closely with that of designs

B, C, and D. Due to overlapping and clumping it was not pos-
sible to take samples from slides F and A after 8 and 12 days

respectively.
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Figure 4. Comparison of slideé treated (a) and untreated (b) with

GeO, over a period of 33 days in the sea. Note the young

sporophyte which is attached to the empty oogonium in (a).
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Table 1

Variations in the size and position of the secondary inflow port.

Test Design Level of Inflow Port Diameter of Inflow Port
A (D) 1 3/4" .- 1/32"
B (E) 1 3/4" 3/16"
C ' 1/2" . .3/16"
Table 2

Mean number of diatoms per sample on slides collected after 33

days covering the period Oct. 12 - Nov. 14, 1970.

*Test Design Results
A _ 111.3
B 3.6
c - 73.3

Control -'b 748.5
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Table 3

Development gﬁ gamétOphztes and young sporophytes at

-7.5 meters.
Slide : v Developmental Stage

Category* Days 1 2 3 &4 5 6 7 8

c 5 1 39

T 5 - 40 ’ ,
c 9 - 40 |
T 9 - 40

C 13 - 23 17

T 13 - 9 3

c 17 -1 39

T 17 No Information

C 21 No Information

T 21 -1 %7 9 9
c .25 - 1 38 1

T 25 - - 14 3 4 2 6 12
* C - control slides

T - test slides subjected to GeOz.
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