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ABSTRACT

The polymorphic and polytypic genus Costaria of the
northern Pacific has previously had uncertain taxonomic treat-
ment. Variation has been recognized as separate species,
separate forms, or ignored altogether. Comparative morphologi-
cal, phenological, and ontogenetic studies of selected popula-
tions from the British Columbia coast, Canada, in situ and
after transplanting do not support taxonomic recognition for
the observed variation.

Previously two species (C. costata (Turn.) Saund. and C.
mertensii J. G. Ag.), one species (C. costata), or C. costata
with several variations (C. turneri (=C.costata) f. angusti-
folia and f. latifolia, C. turneri var. pertusa, and C. costata
f. cuneata and f. latifolia) have been recognized.

In the present study morphological differences between
selected populations of southwest British Columbia Costaria
sporophytes were evaluated by comparing mature plants, by
following their phenology and ontogeny, and by transplant
studies. These studies were conducted on populations from
the following four sites: 1Indian Arm, sheltered with low
salinities and high summer temperatures; Sooke, moderately

exposed to wave action; Point No Point, slightly more exposed
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than Sooke; and Cape Beale, fully exposed. The latter three
sites had higher salinities and more constantly low temperatures
than Indian Arm.

The results demonstrated two main morphological forms of
Costaria. The Sooke/Point No Point (wave exposed) morphologi-
cal form, which is typified by Costaria at Sooke, Point No
Point and Cape Beale, has a tough blade which does not tear
readily, prominent ribs, small bullations, and sometimes the
blade is perforated. The stipe is coarsely ridged. This
morphological form is variable, and includes all of the taxa
previously described in the literature. Most specimens of
mature Costaria collected in the northeast Pacific and from
Japan correspond to this form.

The Indian Arm (sheltered) morphological form has little
in common with the first form, and is typified ﬁy Costaria
at Indian Arm. It has a crisp blade which tears readily,
flattened ribs, large bullations and no perforations. The
stipe is finely ridged. This form has not been described or
illustrated previously.

The Indian Arm, Sooke, Point No Point and Cape Beale
populations form a discontinuous morphological series in blade

shape, amount of bullation, ridges on the stipe surface and
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presence of perforations. Collections of Costaria from
other sites in the northeast Pacific and Japan were found
to fit into this series.

The Costaria transplants did not give definite results
as to the plasticity of the morphological characters studied.
However, wave exposure would appear to be the major factor
determining morphology. Because the characters varied widely
in response to variations in environment, and because distinc-
tive habitats were not isolated, phenotypic plasticity is in-
dicated to account for variation in the Sooke/Point No Point
morphological form. Indian Arm, on the other hand, could be
considered environmentaly distinct, and the Costaria population
there could either be ecotypically divergent or else strongly
phenotypically plastic.

Since variation in blade and blade base shape has been
the feature most commonly used to distinguish between Costaria
costata and C. mertensii and/or other taxa of Costaria, and
since the Costaria described to date have been of the Sooke/
Point No Point morphological form, the various names should
be reduced to synonomy with C. costata. Although the Indian
Arm morphological form has not been described or illustrated

previously, it fits the sheltered extreme of the wave exposure



gradient in variation. Because of wide polymorphism in the
different populations and between populations, the morphologi-

cal forms should not be given taxonomic status.
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INTRODUCTION

Costaria is a brown algal genus of the order Laminariales,
family Laminariaceae. It is known in the northeast Pacific
from central California to the eastern extreme of the Aleutian
Islands (Druehl, 1970) (Fig. 1). It has been found in the
Bering Sea (Setchell, 1893) and in the northwest Pacific on
the northern end of Honshu Island, Hokkaido, the Kurile Islands,
Saghalien, Kamtschatka, and the Japan Sea coast of Siberia and
Korea (Miyabe and Nagai, 1933; Tokida, 1954).

The sporophyte of Costaria is clearly differentiated
into an undivided blade, stipe and holdfast (Fig. 2). The
intercalary meristem is located between the blade and the
stipe. Mucilage ducts are absent. The blade is large with
five longitudinal, percurrent ribs each projecting on one
side only and alternately on the two surfaces. .The blade
is usually bullate and sometimes perforated. Stipe length
is variable. The lower part of the stipe is terete in cross
section, the upper part generally flattened and elliptical.
The upper part may also have longitudinal ridges. The hold-
fast is made up of dichotomously branched haptera arising
mainly from the base of the stipe (Setchell and Gardner, 1¢25.

2

personal observations).



Fig.
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Distribution of Costaria in the North
Pacific Ocean. 1Insct showing the four
study sites in southwest British
Columbia.

A  Indian Arm

B Sooke

C Point No Point

D Cape Beale

A A indicates the distribution of

Costaria.
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Fig. 2 Diagrammatic representation of Costaria
sporophyte showing distinctive morphological
features of the genus.

a - a Ribs projecting on alternate sides

4
of the blade.

b Bullations
c Perforations
d Ridges on stipe surface

e Branching haptera
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The blade has a single-layered epidermis, a cortex and
a central medulla. The transition zone between the stipe
and blade and the stipe itself differ anatomically from the
blade in that they have an epidermal meristem several layers
thick (Smith, 1939).

The conspicuous diploid sporophyte, which may reach 3 m
in length, alternates with a microscopic haploid gametophyte.
On the mature sporophyte sori develop in late spring and
summer. These consist of unilocular meiosporangia and sterile
paraphyses grouped on the surface of the blade. Mature meio-
sporangia éontain 32 flagellated meiospores (Nishibayashi and
Inoh, 1957), which are released in the summer and autumn
(Yendo, 1911; Angst, 1927; Kanda, 1936; Sanbonsuga and
Hasegawa, 1967, 1969).

Gametophytes of Costaria have only been studied in the
laboratory (Angst, 1927; Kanda, 1936; Sanbonsuga and Hasegawa,
1967). The motile meiospores round up before germinating
into microscopic, dioecious, filamentous, branched gametophytes.
Usually a single flagellated antherozoid is released from each
antherjdium (Kanda, 1936). The egg remains attached to the
neck of the oogonium (Angst, 1927), and the young sporophyte
begins to develop in situ. Sporophytes of Costaria are first
recognizable in the field in January and February (Yendo, 1911;

1

Sanbonsuga and Hasegawa, 1967, 1969).
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Costaria sporophytes are generally considered to be
annual both in the northwest and northeast Pacific (Setchell
and Gardner, 1925: Kanda, 1936; Sanbonsuga and Hasegawa, 1967,
1969); after the release of meiospores, sporophytes become
detached and are washed away. However, Smith (1944) states
that sporophytes on the Monterey Peninsula, California, are
perennial. It is not knowrhow Costaria found in intertidal
regions overwinter, whether as meiospores, gametophytes or
microscopic sporophytes.

Costaria was first described by Turner in 1819 (pp. 72-
73; P1l. 226). He took most of his description from an un-
published written account by Menzies who collected one specimen
at Port Trinidad, California, around 1788-9. This specimen is
now in the British Museum (Fig. 3). Turner (1819) illustrated
a plant with a narrow blade and cuneate blade base and called

it Fucus costatus. C. A. Agardh (1823, pp. 109-110) virtually

copied Turner's description but called the plant Laminaria
Costata. Bory de Saint-vincent (1826, p. 193) knew Costaria
only from Turner's illustration and renamed it Agarum

quinquecostatum. Mertens (1829, pp. 45-46) described a plant,

which he called Fucus costatus, having a blade much broader

than the one illustrated by Turner. He also described sori




Fig.
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Type of Turner's Fucus costatus (1819),

collected at Port Trinidad, California,
around 1788-9. This specimen is the
type for the genus Costaria.

Photograph provided by Dr. R. F. Scagel,

University of British Columbia.
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for the first time. In 1830 Greville (p. 39) changed the
generic name to Costaria and provided a brief description
recognizing one species, C. turneri, and as synonyms giving
L. costata C. A. Ag. and F. costatus Turn. Postels and

Ruprecht (1840, p. 12; Pl. 24) described Costaria turneri

and a broad form which they named C. turneri f. latifolia.

J. G. Agardh (1848, pp. 139-140) was the first to
describe two distinct species: C. turneri, a narrow form
with a cuneate blade base, and C. mertensii, a broad form
with a cordate blade base. He gave F. costatus Turn. and

L. costata C. A. Ag. as synonyms for C. turneri, and gave

F. costatus Mertens and C. turneri f. latifolia illustrated
by Postels and Ruprecht as synonyms for C. mertensii.
Saunders (1895, p. 57) changed the specific name of the
narrow blade form from C. turneri to C. costata, as costata
was the specific epithet first applied by Turner.

Since the designation of two species by J. G. Agardh
in 1848, some authors have continued to recognize these taxa
on the basis of differences in overall blade shape and blade
base shape (Kjellman, 1893; Saunders, 1895; De Toni, 1895).
Others have recognized only one very variable species (Harvey,

1852, 1862; Ruprecht, 1852; Setchell and Gardner, 1903, 1925;
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Okamura, 1928, 1936; Miyabe and Nagai, 1933; Tilden, 1935;
Smith, 1944). Different forms of Costaria have also been

described: C. turneri f. angustifolia and f. latifolia by

Kutzing (1849), C. turneri var. pertusa by Harvey (1859)

and C. costata f. cuneata and f. latifolia by Nagai (1940).

Ruprecht (1852) described C. guadrinervia from a single

specimen collected at Unalaska. De Toni (1895) repeated his
description but this particular form has not been found
subsequently and it has been included in C. costata
(Setchell and Gardner, 1925).

Doty (1947) considered characters other than the shape
of the blade base in his description of C. costata and C.
mertensii in Oregon. C. costata was found "in tidepools and
below LLLWlor higher in protected localities™. The narrow,
almost linear blade was never cordate and was comparatively
smooth. The top of the stipe tended to be wide and flattened
with prominent ridges. The haptera were delicate and almost
entirely from the base of the stipe. Turner's (1819) and
Smith's (1944) illustrations are supposed to support this
description, though Doty said that Smith's plant was of an
unusually broad and bullate form. C. mertensii was found in

eXposed situations particularly in the low intertidal. The

Lowest lower low water.
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blade was broad, much more cordate basally than C. costata,
and was bullate. The short, more cylindrical stipe was less
prominently ridged. Accessory haptera often developed from
above the first-formed haptera. Doty gave Postels and
Ruprecht's (1840) and Setchell and Gardner's (1925, Pl. 56b)
illustrations as examples of this species saying that Setchell
and Gardner's illustrated form was rather narrow at the base.
The only difference I could see between Smith's (1944) and
Setchell and Gardner's (1925, Pl. 56b) illustrations was that
the blade base was obtuse in the former and cordate in the
latter. However, Doty claimed that, with very few exceptions,
he was able to distinguish C. costata from C. mertensii in
Oregon.

Herbarium specimens of Costaria from British Columbia and
Northern Washington were also examined, but little difference
was found between specimens listed as C. costata and C. mer-
tensii by Scagel (1957). In conclusion, my preliminary observa-
tions of herbarium specimens of Costaria from the northeast
Pacific showed that the plants could not easily be referred
to either of the two species as described by Doty (1947), or
to the two species originally described by J. G. Agardh (1848)

which were distinguished on the basis of blade shape.
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The purpose of my study was to define morphological
variation in populations of northeast Pacific Costaria and
explain interrelations between the presently recognized taxa
of this genus. Natural and transplanted populations were
studied in the field at four sites in southwest British
Columbia. Collections were made at other sites in this area,
and herbarium specimens, including historically important
specimens, were examined from the herbaria of the University
of British Columbia (Vaxouver), National Museum of Canada
(Ottawa), University of Washington (Seattle), University of
California (Berkeley), Dudley Herbarium (deposited at the

University of California, Berkeley), and the British Museum

(London) .



11—

METHODS

I. Comparative morphology and anatomy of mature Costaria.

In order to compare the morphology and anatomy‘of mature
Costaria (i.e. with sori) the largest plants available were
collected from the north side of Boulder I., Indian Arm (49°
18'47"N, 122°56'06"W) on June 18, the south side of Whiffin
Spit, Sooke (48°21'30"N, 123°42'54"W) and the southwest facing
rocky point at Point No Point (48°23'45"N, 123°59'05"W) on
June 17, and the southwest side of Cape Beale (48°47'15"N,
125°12'45"W) on July 19, 1970 (Fig. 1). These sites will be
referred to as Indian Arm, Sooke, Point No Point and Cape
Beale. Since nearly all Costaria were growing subtidally,
plants were collected by SCUBA. The plants were preserved
in 5% formalin in seawater (v/v) and were brought back to
the laboratory for study. Physical and biological aspects of
the sites were described from published information and
personal observations.

General observations were made of overall blade shape,
Ccolour, texture, condition of the blade end, bullations, per-
forations, rib arrangement, presence or absence of ridges on
the stipe, stipe flexibility, amount of branching of the main

haptera, and distribution of sori. In the field it had been
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noted how the haptera were attached to the substrate. Measure-
ments were made of blade length, maximum blade width, width

and thickness of the middle rib 15 cm above the junction of

the blade and stipe, length and thickness of the stipe, and

the diameter of the thickest hapteron originating from the
stipe. The number of main haptera were counted. A centimetre
ruler was used for large measurements and calipers for small
ones,

The shape of the blade base was described as an angle
which was measured to the nearest 10° with a plexiglass
protractor. The apex of the angle was approximately at the
junction of the blade and stipe. Independent angle determina-
tions and verbal descriptions were made of about 300 herbarium
specimens, and a close correlation was found between the
following terms and range of angles: cuneate, 40°-100; obtuse,
110°-180°; cordate, 190°-240°; and auriculate, 250+°.

To study the internal anatomy of Costaria, sections 20-
30p thick were cut with a freeze microtome. Observations were
made on cross sections of blades, stipes and haptera. Measure-
ments of blade and rib thickness 15 cm from the blade base
(including thickness of the cortex and medulla) were made with

a Filar micrometer eyepiece. The number of cell layers in
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the cortex was also counted.
Meiospore suspensions were made from plants collected
at Indian Arm on July 15 and September 17, at Sooke on
August 2 and September 6, and at Point No Point on August
3 and September 6, 1969, after the method of Druehl and
Hsaio (1969). The volume of the meiospores was measured with
a Coulter Counter {(Model B Coulter Counter, with a Model M
volume converter attachment) using a 50p aperture tube.
Means and standard deviations were determined for data

where appropriate.

II. phenoclogy and ontogeny.

Phenology:

In the field the first appearance of young sporophytes,
the first appearance of sori, and the disappearance of the

majority of the sporophyte population were noted.

Ontogenz:

During 1968 and 1969 Costaria plants were collected at
Indian Arm, Sooke and Point No Point once a month and were
Preserved as herbarium specimens. Voucher specimens of these
plants are deposited in the University of British Columbia

Phycology Herbarium. The development of Costaria was studied
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by measuring and describing certain characters of the specimens
which had been grouped into several size and developmental
categories. Blade length, maximum blade width, angle of the
blade base and stipe length were measured, the number of ribs
were counted, and bullations, ridges on the stipe, and the

development of sori were characterized.

III. Transplants and controls.

Transplant studies were undertaken in an attempt to
determine the stability or plasticity of certain morphological
characters of Costaria in different environments. Costaria
was transplanted from Indian Arm to Sooke and Point No Point,
from Sooke to Indian Arm, and from Point No Point to Indian
Arm and Sooke using the methods of Sundene (1962a, 1962b, 1964)
and Druehl (1967b). See Appendix for dates and numbers of
transplants.

Small Costaria plants usually with a blade length of less
than 20 cm were attached to concrete bricks with rubber bands
(as in Figs. 18-23). At Indian Arm and Sooke bricks 20 X 9 X
6 cm were used, but at Point No Point larger bricks, 40 X 19 X
9 cm, were used because of increased wave expOsure,

Costaria to be moved to other sites were wrapped in paper
towelling moistened with seawater, put in plastic bags and iced.

Plants were sometimes held for a few days in an aguarium with
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a capacity of 350 litres at approximately 10 C, salinity 26-
29% before being transplanted.

Transplants are defined as those plants which were moved
to a different site, put on bricks and placed adjacent to
naturally growing Costaria there. Control plants were put
on bricks and returned to the original site. Usually controls
were removed from and returned to the water on the same day.
In one experiment controls were kept in an aquarium for seven
days before being returned to their original site (Table VII).
These plants grew as well as controls which had been returned
the same day (Tables VI, VIII). All the tables are in the
Appendix, pp. 90-118.

Measurements and observations of the transplants and
controls were made approximately once a month. Plants were
usually left on the bricks until they disappeared naturally.
Blade length, blade width, angle of the blade base and stipe
length were measured. Observations were made of bullations,
ridges on the stipe, presence of sori and the general condition
of the plants. A photograph or tracing was used to record

the shape of the plants.

IV. Morphology of Costaria in the northeast Pacific, and a

study of historically important specimens.

Study of Costaria in the northeast Pacific from herbarium specimens:
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Bullations, perforations, ribs and stipe surfaces of
mature Costaria were examined and the angle of the blade base
was measured. Most of the specimens were from the University
of British Columbia herbarium and were collected from the
west and north coasts of Vancouver I., Queen Charlotte Strait,
Prince Rupert area, southern Alaska, the Gulf of Alaska, and

the Aleutians as far as Unalaska I.

Collections of Costaria at San Juan I., Washington, and in

southwest British Columbia:

Small collections of Costaria were made at San Juan I.,’
Washington (48°30'N, 123°05'W), Second Narrows (49°17'30"N,
123°01'W) and Stanley Park (49°18'N, 123°07'30"W) in Burrard
Inlet, Thormanby I. (49°29'N, 123°59'W) off the Sechelt
Peninsula, Hammond Bay (49°14'N, 123°,57'W) on the east coast
of Vancouver I., and at Port Renfrew (48°32'N, 124°27'30"W),
in the vicinity of Bamfield (48°50'N, 125°09'W), and Amphitrite
Point (48°55'30"N, 125°32'30"W) on the west coast of Vancouver I.

Study of historically important specimens:

Herbarium specimens of Costaria costata and C. mertensii
as listed by Scagel (1957) and specimens collected and
determined by Doty were examined. These were from the

University of British Columbia, National Museum of Canada,
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University of Washington, University of California (Berkeley)

and the Dudley Herbarium. Two specimens of Fucus costatus

collected by Menzies were studied from photographs, the type
specimen being at the British Museum, London, and the other

at the Royal Botanic Garden, Edinburgh.

V. Study of Japanese specimens.

A few specimens of Costaria from Tsugaru Strait and Muro-

ran, Hokkaido, were examined.

Characterization of the Sites

The descriptions of the study sites (Fig. 1) include
oceanographic data taken from the literature and biotic
data from personal observation.

Indian Arm is a sheltered fjord northeast of Vancouver
on the British Columbia mainland. It receives freshwater
from the Indian River at its north end, and opens into Burrard
Inlet at its south end. The study site near the mouth of
Indian Arm was on the north side of Boulder I.

There is seasonal variation in temperature and salinity
(Gilmartin, 1962). The temperature profile is two layered:

a thin surface layer fluctuating between 5 and 21 C, and a
deeper layer constant at 6-8 C. Highest surface temperatures

Occurred around July, and were lowest around December (Gilmartin,
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1962).

Salinity structure is also two-layered: a thin, brackish
surface layer and a relatively stable deeper layer (Gilmartin,
1964). At the mouth of Indian Arm the salinity may vary from
13 to 24%e.in the surface layer, and from 25 to 27%.in the
deeper water (Gilmartin, 1962, 1964).

Costaria grows subtidally on a substrate of boulders,
mud and broken shells below the brackish layer. Laminaria

saccharina (Linnaeus) Lamouroux is found throughout and above

the Costaria bed and Agarum cribrosum Bory is located below.

The three other sites, Sooke, Point No Point and Cape
Beale, are more exposed and oceanic. At Sooke, on the south-
west coast of Vancouver I., Costaria was studied on the south
side of Whiffen Spit. Point No Point is also on the south-
west coast of Vancouver I. just north and west of Sooke, and
Costaria was studied on a rocky point facing southwest. At
Cape Beale, on the west coast of Vancouver I., Costaria was
Ccollected from a southwest facing rocky shore.

Sooke and Point No Point are on the Strait of Juan de
Fuca where in open waters the annual range of surface tempera-
ture is small, 7-11 ¢ (Pickard and McLeod, 1953), and the

temperature of deeper water is approximately 7 C the year
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round (Herlinveaux and Tully, 1961). The surface salinity
varies little from 32%. (Pickard and McLeod, 1953; Herlinveaux
and Tully, 1961). Below the surface the salinity is about
33.5% (Herlinveaux and Tully, 1961). Widdowson (1965a) made
some measurements along the northern shore of the Strait of
Juan de Fuca and found that there may be more seasonal varia-
tion in temperature and salinity than in the open water of
the Strait.

The study site on Whiffen Spit, Sooke, is moderately
exposed being protected by a headland to the south of the
Spit. Point No Point is more exposed being further northwest
along the coast (Widdowson, 1965a) and thus there may be less
variation in onshore temperature and salinity patterns than
at Sooke because of more wave mixing.

Cape Beale is fully exposed to open ocean sWell. In
this area there is reported to be more seasonal variation in
surface temperature and salinity than in the Strait of Juan
de Fuca (Pickard and McLeod, 1953). Surface temperatures
range from 7 to 13 C and surface salinities from 28 to 31%
(Pickard and McLeod, 1953).

At Sooke Costaria grows mainly subtidally. The substrate

consists of boulders and sandy mud and the shore slopes gently



-20-

westwards. There is a grecat abundance of algae and the
number of species is considerably greater than at Indian
Arm. Costaria is codominant in the kelp bed with many

other Laminariales: Cymathere triplicata (Postels and Ruprecht)

J. Agardh, Hedophyllum sessile (C. Agardh) Setchell, Laminaria

groenlandica Rosenvinge, Pleurophycus gardneri Setchell and

Saunders, Nereocystis luetkeana (Mertens) Postels and Ruprecht,

Alaria marginata Postels and Ruprecht, Egregia menziesii

(Turner) Areschoug, and Pterygophora californica Ruprecht.

At Point No Point the shore is rocky intertidally with
sand beyond the rocks subtidally. Costaria grows mainly
subtidally in rock crevices and on boulders in the sand. As
at Sooke there is an abundance of algae and a richness of
species but with much less Costaria. Other Laminariales

Present are Cymathere triplicata, Hedophyllum sessile,

Laminaria groenlandica and L. setchellii Silva, Pleurophycus

gardneri, Lessoniopsis littoralis (Farlow and Setchell) Reinke,

Nereocysts luetkeana, Alaria marginata, Egregia menziesii and

Pterygophora californica.

At Cape Beale Costaria was collected from the low inter-

tidal where it was growing in rock crevices. Postelsia palmae-

formis Ruprecht, an alga found only in very wave exposed areas,
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is found in this region along with Cymathere triplicata,

Hedophyllum sessile, Laminaria groenlandica and L. setchellii,

Pleurophycus gardneri, Lessoniopsis littoralis, Nereocystis

luetkeana, Alaria marginata and A. nana Schrader, and Egregia

menziesii.



22

RESULTS

I. Comparative morphology and anatomy of mature Costaria.

The following is a description of the morphology and
anatomy of some of the largest Costaria with sori collected
June, 1970, at Indian Arm, Sooke and Point No Point, and July,
1970, at Cape Beale. Standard deviations and absolute ranges
are given for measurements in Tables I and II to indicate

plant variability.

Blade morphology:

All blades displayed distal erosion. The ends of Indian
Arm blades tended to be eroded at right angles to the longitu-
dinal axes of the plants whereas blade ends at Sooke, Point
No Point and Cape Beale were usually eroded longitudinally
(Figs. 4-7). ©Point No Point blades were shorter than plants
from the other three places (Table 1I). Blades decreased in
width relative to length from Indian Arm to Sooke, to Point
No Point, to Cape Beale (Table I). Blade bases were mostly
Obtuse or cordate at Indian Arm, mostly cordate at Sooke,
mostly obtuse at Point No Point, and were cuneate at Cape
Beale (Figs. 4-7; Table I).

The ratio of blade length to maximum blade width and

the angle of the blade base determined overall blade shape.
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Mature Costaria from Indian Arm

collected on June 18, 1970, showing

blade and blade base shape and large
bullations. Blade end tends to be

eroded at right angles to the longitudinal

axis. (Compare with Figs, 5-7).
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Mature Costaria from Sooke
collected on June 17, 1970,

showing blade and blade base

shape and small bullations.

Blade end tends to be eroded

longitudinally.
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Mature Costaria from Point No Point,
collected on June 17, 1970, showing
blade and blade base shape, small
bullations and prominent ribs. Blade

end tends to be eroded longitudinally.
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Fig. 7 Mature Costaria from Cape Beale
collected on July 19, 1970, showing
blade and blade base shape, bullations
along the edges of the blade, prominent
ribs and perforations. Blade end tends

to be eroded longitudinally.
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In a linear blade, the sides were almost parallel. Cape

Beale plants had narrow linear blades, Point NoO Point plants
generally had narrow linear blades but some had ovate blades,
Sooke blades were broad linear and ovate, and Indian Arm blades
were mostly ovate (Figs. 4-7).

Five ribs project alternately from the two faces of the
blade (Fig. 2). Blades with fewer or more ribs were rarely
found, but such anomalies could generally be explained by
rib fusion or splitting. The ribs were often very flattened
particularly near the blade base at Indian Arm, but were much
more prominent at the other three places. At Indian Arm and
Sooke, the middle rib was usually wider and flatter than those
on either side of it, which in turn were wider than the
outermost ribs. However, all five ribs of Point No point and
Cape Beale plants tended to have similar widths.

Indian Arm plants had larger bullations than Sooke plants,
and Point No Point plants had much smaller bullations than at
the other two sites (Fig. 8). The size of bullations on Cape
Beale plants was similar to those at Point No Point. At Cape
Beale the bullations tended to occur along the edges of the
blade, the area between the ribs being nearly smooth (Fig. 8D).

Indian Arm blades were crisp and tore easily when they
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Fig. 8 Part of Costaria blades from Indian
Arm, Sooke, Point No Point and Cape
Beale showing bullations, perforations

and sori along ribs.

A and B Indian Arm, June 18, 1970

C Sooke, June 17, 1970

D Cape Beale, July 19, 1970

E and F Point No Point, June 17, 1970

1. Bullations

2. Sori

3. Per forations
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were handled, whereas plants from the other three places were
tougher and tore much less readily. All blades were a golden
brown colour, and the thicker or more bullate a blade, the
darker the colour. The blades were more opague where sori
were present.

Perforations, nearly round, smooth-edged holes, 2-10 mm
in diameter, were found in some blades. Indian Arm blades
were not perforated. Some blades at Sooke and Point No Point
had a few scattered perforations. However, there were many
perforations in Cape Beale blades, regularly arranged in
two rows on either side of the middle rib (Fig. 7). Blades
in all areas often had irregular-edged holes, the result of

grazing and abrasion.

Blade anatomy:

The locations of blade and rib measurements are given in
Fig. 9. Blade thickness between the ribs, 15 cm from the
blade base, was similar at all four study sites. (Table II).

The blade has an epidermis, cortex and medulla. The
epidermis consists of one cell layer of pigmented cells. The
cortex is several cells thick: the outer cells are smaller
and pigmented, and the inner ones are larger and unpigmented.

The thickness of the cortex and number of cell layers were
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Fig. 9 A diagrammatic transverse section of
a Costaria blade showing internal
structure and positions of measurc-

ments taken for Table II.

a Blade thickness including

epidermis but not sporangia.

b,bl Thickness of blade cortex.
C Thickness of blade medulla.
d Rib thickness including

epidermis but not sporangia.
e Thickness of rib cortex,
ridge side.
£ Thickness of rib cortex, fold
side.

g Thickness of rib medulla.
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similar at all four places (Fig. 10:; Table II). The medulla
is made up of loosely intertwining filaments (Fig. 10).
Although the thickness of the medulla was similar at all four
places (Table II), the measurements may not be very accurate
as the medulla tended to get squashed during sectioning.

The edge of blades at all four places had the same
thickness or was only a little thicker than the rest of the
blade at the same distance from the blade base (Figs. 1lA-E).
The edges of perforations have similar anatomy to blade edges
(Fig. 11F).

The width of the middle rib 15 cm from the blade base
became progressively narrower from Indian Arm to Sooke, to
Point No Point, to Cape Beale (Table I). Rib thickness of
Indian Arm plants was significantly thinner than rib thickness
of plants from the other three places (Table II).

In describing rib anatomy 'ridge side' refers to the
side of the rib which projects from the blade surface and
'fold side' to the opposite side (Fig. 9). 1In all plants
cortical cells on the ridge side tended to be smaller than
those on the fold side, which were similar in size to cortical
cells of the blade. The cortex on the ridge side of Sooke,

Point No Point and Cape Beale plants was considerably thicker
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Fig. 10 Transverse sections of blades of
mature Costaria from Indian Arm, Sooke,
Point No Point and Cape Beale, showing
similar thickness and number of cell
layers in the cortex of each. (Sections

taken approximately 15 cm from the blade

base).

A Indian Arm, June 18, 1970

R Sooke, June 17, 1970

C Point No¢ Point, June 17, 1970
D Cape Beale, July, 19, 1970

1 Epidermis

2 Cortex

3 Medulla

4 Sorus
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Fig. 11 Transverse scctions of blade margins
of maturc Costaria from Indian Arm,
Sooke and Point No Point, and of the
edge of a perforation of mature
Costaria from Cape Beale. (Sections
taken approximatecly 15 cm from the

blade basc).

A and B Indian Arm, Junec 18, 1970

C and D Sooke, Junc 17, 1970

E Point No Point, Junc 17, 1970
F Capc Beale, July 19, 1970

1 Epidermis

2 Cortex

3 Mcdulla
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and had more cell layers than that of Indian Arm plants. The
former plants had approximately 30 cell layers in the ridge
side cortex compared to approximately 15 cell layers in
Indian Arm plants. The cortex of the fold side was also
thinnest at Indian Arm, but there was a similar number of
cell layers at all four places. The thickness of the medulla
was similar for all plants but most variable at Cape Beale.
The rib medulla was slightly thicker than the medulla of

the blade between the ribs (Fig. 12; Table II).

Sori :

Soral cover varied on the blades of Costaria at the
different lormations. On the basis of a few plants, the
following trends were seen. Sori covered most of the basal
third of mature blades: were found along and on the fold side
Of ribs of the middle third, and occurred occasionally along
ribs of the top third. At Indian Arm, since the ribs were
flattened, sori were found on the ridge side as well as the
fold side of ribs on the basal third of blades (Figs. 12A, B)
and since the bullations were large, the soral cover was
nearly continuous. Sori were only very rarely found on the
rYidge side of the prominent ribs at the other three places

(Figs. 12C-F). On Sooke, Point No Point and Cape Beale
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Transverse scections of ribs of mature

Costaria from Indian Arm, Sooke, Point

No Point and Capc Beale. Melosporangia
arc absent on the ridge side of ribs at
Sooke, Point No Point, and Cape Beale
(C-F). (Scctions taken approximately

15 cm from the blade base).

A and B Indian Arm, Junc 18, 1970
C Sooke, June 17, 1970
D Capc Beale, July 19, 1970

E and F Point No Point, June 17, 1970

1 Epidermis

2 Cortex on ridge side of rib
3 Mecdulla

4 Cortex on fold side of rib

5 Sorus
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plants which had smaller bullations than Indian Arm plants,
sori were found in the hollows of bullations (Fig. 10C).
Sori can be seen along the ribs of Indian Arm, Sooke, Point
No Point and Cape Beale blades in Figs. 7A, B, C, D and F,
Sori did not extend to the edge of blades.

Mature meiosporangia were approximately 70u long. The
volume of a meiospore was approxXimately 47u3 at Indian Arm,
Sooke and Point No Point. Meiospores from Cape Beale were

not measured.

Stipe morphology:

Stipe length was variable at all four places (Table I).
Some of the longest stipes were found at Point No Point, though
not in the June 1970 collection. The top of the stipe for all
plants was elliptical in cross section and the bottom terete.
The greatest diameter (Fig. 13b) of the stipe top and diameters
of the stipe middle and bottom (Fig. 13c, d) were variable
but similar at Indian Arm, Sooke, Point No Point and Cape
Beale. The least diameter of the stipe top (Fig. 13a) was
smallest at Indian Arxrm (Table I).

The top half of stipes, or more if the stipes were long,
was almost always ridged. Sooke, Point No Point and Cape

Beal stipes were coarsely ridged, whereas stipes from Indian
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Diagram showing positions of stipe

and hapteron measurements for

Table I.

a Least diameter of stipe top

b Greatest diameter of stipe top
c Diameter of stipe middle

a Diameter of stipe bottom

e Diametexr of

thickest hapteron

originating from the stipe.
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Arm were finely ridged or nearly smooth (Figs. 7, 14A-C).

Many stipes with coarse ridges also had small protuberances

on the crest of the ridges (Fig. 14D). Except on Indian

Arm plants, fine ridges sometimes continued up the projecting

side of ribs a few cm beyond the top of the stipe (Fig. 14B, C),.
Indian Arm stipes were very flexible, and when a plant

was out of the water they gave the blade no support. At

the other three places the stipe was more rigid and gave

blades some support when the plant was emerged.

Stipe anatomy:

Stipe anatomy was similar in all plants studied. It
was difficult to determine where the outer layers (epidermal
meristem of Smith, 1939) end, and cortex begins. The cells
of the outer layers were pigmented and densely packed. The
outermost cortical cells Qere similar to the outer layers,
but the inner cortical cells became larger, unpigmented and
less densely packed towards the centre of the stipe. The
medulla was elliptical and the filaments more tightly packed
than in the medulla of the blade or ribs (Fig. 15). In cross
section cells of the stipe ridges were small and densely packed
like the cells of the outer layers of the stipe elsewhere.

Ridges appeared higher where protuberances occurred.
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Stipe morphology of mature Costaria
from Indian Arm, Sooke and Point No
Point, showing nearly smooth (A)
and coarsely ridged stipes (B-D).

Ridges may continue up projecting sides

of ribs (B, C).

A Indian Arm, June 18, 1970.

B Sooke, June 17, 1970.

C Point No Point, June 17, 1970
D Sooke, June 17, 1970
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Transverse sections of stipes from
Indian Arm, Sooke and Point No Point
showing internal structure and ridges.

(Sections taken from near the top of

the stipes).

A Indian Arm, June 18, 1970.

B Sooke, June 17, 1970.

C Point No Point, June 17, 1970.
1 Epidermis

2 Cortex

3 Medulla

4 A ridge
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Hapteron morphology:

The number of haptera originating from the stipe base
was similar at Sooke, Point No Point and Cape Beale, whereas
they were more numerous at Indian Arm (Table I). The haptera
arose from the base of the stipe and above the base in whorls.
Haptera higher up were usually thicker than those which arose
from the base. The diameters of the thickest haptera, measured
near their origin (Fig. 13e), were similar at all four places
(Table I). Haptera branch dichotomously and branching was
most profuse at Indian Arm (Fig. 16). At this location
haptera were attached loosely to the substrate, but firmly

to boulders and rock at Sooke, Point No Point and Cape Beale.

Hapteron anatomy:

The outer layers and cortex of haptera were similar to
those of the stipe. It was not easy to distinguish the medulla,
which consisted of tightly packed cells.

In summary, the main morphological and anatomical characters
of Costaria that differed between the four sites were rib
thickness, bullations, blade texture, perforations, thickness
of the stipe top, amount of ridging on the stipe surface and

branching of the haptera.
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Comparison of hapteron arrangement on stipes
and degree of branching of the main haptera

of Costaria from Indian Arm, Sooke and Point

No Point,

A and B Indian Arm, June 18, 1970.
C and D Sooke, June 17, 19870.

E and F Point No Point, June 17, 1970.

A, C and E show the entire holdfast. In B, D
and F the main haptera (1) have been cut off

to show their arrangement on the stipe (2).




~-42b-

¥

(LA ALLL e
" L] ¥ W

e

:
A

<




~43 -

II. Phenology and ontogeny

Phenology:

In 1969 young Costaria plants were first found early in
February at Indian Arm and Sooke and late in February at
Point No Point. Since there were always fewer Costaria at
Point No Point, small plants may not have been seen earlier
in February. Plants grew rapidly until the sori appeared
in mid-May at Indian Arm and Sooke and mid-June at Point No
Point. Sori were found on Costaria as early as the end of
April at Stanley Park, in Burrard Inlet. Blade length and
width increased up to June or July (Tables III-V), but after
July blades became very torn and mean blade lengths and
widths decreased. Sporophytes began to disappear after
meiospores had been released from mid-August at Indian Arm,
and from early September at Sooke. There were always fewer
plants at Point No Point, and they remained in good condition
even in September and October.

A few old plants were still present at Indian Arm at
the end of October and beginning of November. In addition,
some plants up to 30 cm long with nearly entire blades and
sori were found at this time (UBC 45632-7). These seemed to

have started growing late in the season because the blades
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were nearly entire, were not covered by epiphytes and the
meiospores had not been released. A similar combination of
old plants and late developers were found at Sooke in mid-
October and at the end of November. It was difficult to

tell if there were late developers at Point No Point as plants
there remained in good condition. Some late developers were
still found at Indian Arm early in December (UBC 45638), but
there is no information for Sooke and Point No Point for

that time as no observations could be made due to rough

weather.

Ontogeny:

The following account of the ontogeny of Costaria is
based on monthly observations and collections from Indian
Arm, Sooke and Point No Point. The development of Costaria
was followed by describing selected characters of specimens

without sori in groups based on blade length (less than 5

cm, 5-10 cm, 10-20 cm, 20-30 cm, and longer than 30 cm), and
of larger specimens with sori in groups based on the month
collected. The ends of blades up to 30 cm long were usually
little torn, and so the groups could be described on the
basis of blade length. Larger plants usually have very torn

ends, and so another criterion was needed to distinguish the
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groups. The largest measurements of blade length and blade
width recorded at Indian Arm, Sooke and Point No Point in

1968 and 1969 were as follows:

Indian Arm Soocke Point No Point
Blade length (cm) 170 230 250
Blade width (cm) 75 60 25

Proportional increases in blade length and blade width
partly explain the shape of the blade base. Up to the 30+
cm group without sori blade width increased. Indian Arm
plants became wider than Sooke plants, which on the whole
were wider than Point No Point plants (Tables III-V). Mature
Indian Arm plants were slightly wider than mature Sooke plants,
and mature Point No Point plants were considerably narrower.
Blade width usually ceased to increase after sori were
produced.

Only the smallest plants at Indian Arm, less than 5 cm
long, were cuneate. The blade bases soon became obtuse and
the angle increased until mature plants were obtuse or cordate,
and some were even auriculate (Table III). The angle of the
blade base may continue to increase slightly after the
appearance of sori. Most Sooke plants were still cuneate in

the 30+ cm group, but they then became obtuse, and mature
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plants were mainly obtuse and cordate, while some were
auriculate (Table IV). Some Point No Point plants remained
cuneate even with sori, but most became obtuse, and a few
cordate when mature (Table V).

The development of the blade base and blade shape of
typical Indian Arm, Sooke and Point No Point plants is shown
in composite diagrams (Fig. 17).

The three middle ribs developed first, and then the two
outermost ones. All initially appeared near the blade base.
At Indian Arm a few 10-20 cm plants still had only three
ribs whereas only a few 5-10 cm Sooke plants had thrce ribs,
and some plants less than 5 cm at Point No Point already
had five ribs. The ribs of Indian Arm Costaria were never
prominent and usually became very flattened in mature blades
whereas the ribs started and remained prominent at Sooke
and Point No Point. The smallest plants recognizable as

Costaria had the following dimensions:

Indian Arm Sooke Point No Point
Blade length (cm) 2-8 1-9 1-8
Blade width (cm) 0-8 0-7 0-6

Most Indian Arm blades remained ncarly smooth up to

10-20 cm long. Sooke and Point No Point blades less than 5cm
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Fig. 17 Composite diagrams showing four stages
in the development of blade shape and
blade base shape of typical Costaria

at Indian Arm, Sooke and Point No Point.
A Indian Arm
B Sooke

C Point No Point

1 February

2 March
3 May
4 July

1-3 Costaria without sori

4 Costaria with sori
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long were smooth or had only small bullations near the blade
base. Bullations first appear near the blade base and then
grow in size as the plants grow. Indian Arm plants had
fewer bullations per unit area than Sooke plants, which in
turn had fewer bullations than those from Point No Point.
At Indian Arm and Sooke mature plants appeared less bullate
where there was a continuous soral cover. At Point No Point,
soral cover was not continuous and the blades remained bullate.
At Indian Arm sori first appeared along the ribs of the
top and middle thirds of the blade in patches or almost
continuously. They then appeared on the fold side of ribs,
and finally on the ridge side. In both cases, they either
spread towards the midline of the ribs or started in patches
on the ribs. There were very few patches of sori between the
ribs on the top third of the blades, but more between the
ribs on the middle third. Sori developed last on the bottom
third. The ridge side of the middle ribs tended to be covered
before the ridge side of the outer ribs. Indian Arm blades
usually had large bullations and sori were nearly continuous
on both sides of the blade, particularly on the bottom third.

Where covered by sori the ribs became even more flattened

than usual.
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At Sooke the sequence of development was similar to
that at Indian Arm, but where the sori first appeared between
the ribs they tended to occur in the hollows of bullations on

one side of the blade only. The ridge side of ribs was
generally free of sori. Sori developed last outside the
outermost ribs. Blades were less bullate and ribs slightly
flattened where sori were nearly continuous on the lower half
of the blade.

Unlike Indian Arm and Sooke plants, at Point No Point
sori did not develop on the top third of the blade first,
and were not usually found there. Sori appeared along the
ribs of the pottom and middle thirds and between the ribs in
the hollows of bullations on the bottom third. They were
not usually found on the ridge side of ribs. Sori became
nearly continuous between the ribs, but were more patchy
outside the outermost ribs. Ribs remained prominent and the
blade bullate even where covered by sori.

After meiospore release, the plants became colonized by
epiphytes such as diatoms, filamentous algae, bryozoans and
hydrozoans. Blades of Indian Arm plants tended to be covered
more extensively by bryozoans than Sooke or Point No Point

blades. Finally, large portions of blade tore off. Plants
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at Indian Arm became very torn and brittle, but at Sooke
ribs projected from the torn blades. Costaria at Point No
Point tended to remain in better condition.

Stipe length increased up to 30+ cm group, and was

quite variable in mature plants (Tables III-V). At Indian
Arm the stipe surface remained smooth up to and including
the 20-30 cm group. Some of the plants in the 30+ cm group
and nearly all the mature plants had finely ridged stipes.
Many Sooke plants of 10-20 cm still had smooth stipes. They
then became finely ridged, and when longer then 30 cm, coarsely
ridged. Point No Point plants were similar to Sooke plants,
but fine ridges were found on the stipes of plants 5-10 cm
long, and coarse ridges on larger plants. Short stiped plants
at Point No Point tended to be somewhat less coarsely ridged,l

In summary, the three populations had slightly different

phenology.

Voucher specimens to illustrate the ontogeny of Costaria at
the three sites are as follows: Indian Arm plants without
sori, UBC 45743-45752; Indian Arm plants with sori, UBC 45621-8:
Sooke plants without sori, UBC 45753-4 and UBC 45756-45770;
Sooke plants with sori, UBC 45639-45654; Point No Point plants

without sori, UBC 45771-45781; and Point No Point plants with

sori UBC 45657-45673.
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Some late developers were found at Indian Arm and Sooke, and
plants at Point No Point remained in good condition late in
the year. Differences in the ontogeny of Indian Arm, Sooke
and Point No Point plants were seen in the development of
the angle of the blade base, ribs, bullations and ridges on
the stipe. The pattern of sorus appearance on Point No Point

blades was also different from that on Indian Arm and Sooke

plants.

ITII. Transplants and controls

In this section the development of the controls will
be commented upon, and the way in which the transplants differed
from the controls will be described. Emphasis is placed on
transplants that had an initial blade length of less than 20
cm, and which were started early in the year, usually between
February and April. Data are mainly from transplants made in
1969.

Transplants and controls were considered to have grown
well if they were in similar condition and reached dimensions
similar to naturally growing plants. There was a high loss of
plants after transplanting and although statistical comparisons
couid not be made, some conclusions could be drawn.

Indian Arm Costaria controls (Fig. 18; UBC 45735-41)
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Fig. 18 Transplant studies: 1Indian Arm Costaria
controls started on February 27, March 6
and March 20, 1969, photographed at later

dates to show development.

A Started on February 27.

1 Photographed on May 9.

2 " " June 11.

3 " “ August 13.
B Started on March 3.

1 Photographed on May 9.

2 " " August 13.
C Started on March 20.

1 Photographed on June 18.

2 " " July 15.

3 " “ August 13.
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started on February 27, 1969, reached larger dimensions than
did plants started on March 6 and March 20 (Tables VI-VIII),
but otherwise their development was similar to that of
Indian Arm plants described in Section II (Table III). Of
the plants started on February 27, sori were first recorded
on the four Costaria with the largest blade base angles on
June 11. Sori probably appeared in May but the plants were
not examined at that time. Plants started on March 6 and
March 20 produced sori by July 15.

Indian Arm Costaria transplanted to Sooke on February 22
did not grow well in blade length and width compared to the
controls (Table VI - IX). The plants became very torn, though
what was left of the torn plant tended to be healthy. Plants
started on March 30 grew even less (Table X). Some of the
blades appeared to be less bullate than the controls. The
angle of the blade base decreased rather than increased.
Stipes became finely ridged a little earlier than those of
the controls. No sori were produced as the plants did not
survive long enough.

Indian Arm Costaria transplanted to Point No Point in
1969 did not survive. Two larger plants with initial blade

lengths of 25-5 and 45-0 cm were started on March 29 and hagd
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become very torn within two weeks. Some plants in 1968
survived somewhat longer than this (Tables XI-XIII). The
plants grew little and the shape of the blade base remained
obtuse (Fig. 19; UBC 45719-21, 45723). The blades became
very torn and were less bullate than usual. One 8 cm long
plant started on July 9 had developed sori by September 28
(Table XIII: UBC 45723).

Sooke Costaria controls (Fig. 20; UBC 45728-9) started
on March 30 and April 26 did not grow as well as plants
started on February 22 (Tables XIV-XVI). However their
developmental pattern was similar to that of naturally growing
Sooke plants (Table IV). Of the plants started on February
22, sori were first seen on the two Costaria with the largest
blade base angles in June (Table XIV). No sori were produced
on plants started on March 30 and April 26.

Sooke Costaria transplanted to Indian Arm (Fig. 21; UBC
45731-4) on February 20 grew well until April 24 (Table XVII).
There was less growth of plants started on February 27 (Table
XVIII). Most of the blades of both sets of plants became
brittle and unhealthy by May and June. Transplants produced
slightly greater blade base angles earlier than did the controls.

Like the controls, coarsc ridges developed on the stipes. Sori
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Fig. 19 Transplant studies: 1Indian Arm Costaria
transplanted to Point No Point on May 13,

1968 and photographed on June 13, 1968.
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Transplant studies: A Sooke Costaria
control started on February 22, 1969,

photographed at later dates to show

development.

1 Photographed on May 18.
2 " " July 12,
3 ) " "

August 2.
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Transplant studies: Sooke Costaria
transplanted to Indian Arm on February 20
and February 27, 1969, photographed at

later dates to show development.

A Started on February 20.

Photographed on May 9.

B Started on February 20.

Photographed on June 11.

C Started on February 27.
1 Photographed on May 9.

2 " " July 15.
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were seen on June 11 on the plant with the largest angle
started on February 20, and on July 15 on both plants started
on February 27.

Point No Point Costaria controls (Fig. 22A) started on
March 29 and April 25 did not grow well and were lost or very
tattered (Tables XIX-XX). The development of the controls was
poor compared to the naturally growing Point No Point plants
(Table V).

Point No Point Costaria transplanted to Indian Arm
(Figs. 22B, C; UBC 45730) on April 3 grew little (Table XXI).
There was a slight increase in blade width and angle compared
to the contirols, but the increases were less than that found
in naturally growing plants (Table V). However, blade width
and angle increased in naturally growing plants. At Indian
Arm the blades became twisted, brittle and unhealthy in May
and June. No sori were produced.

Point No Point Costaria transplanted to Sooke (Fig. 23;
UBC 45727) on March 30 and May 18 grcw better than the controls
(Tables XXII-XXIII). Sori were produced on July 12 and
September 6 on the lower half of the blades of the two remaining
plants started on March 30 and May 18 respecctively. The

controls did not survive long enough to produce sori.
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Fig. 22 Transplant studies: A Point No Point
Costaria control started on April 25,
(A) and Point No Point Costaria
transplanted to Indian Arm on April 3,
1969 (B, C), photographed at later

dates to show developmant.

A Point No Point control started

on April 25,
1 Photographed on July 13.

2 " " August 3.

B and C Point No Point Costaria trans-

planted to Indian Arm on April

B 1 Photographed on May 9.
2 " " June 11.
c 1 Photographed on May 9.

2 " " June 11.
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Fig. 23 Transplant studies: Point No Point
Costaria transplanted to Sooke on May 18,
1969, photographed at later dates to

show development.

A Started on May 18.

1 Photographed on June 15,

2 " " July 12.

3 " " August 2.
B Started on May 18,

1 Photographed on July 12.

2 " " August 2.

3 " "  September 6.
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The haptera of all the transplants were similar to the
controls and to the naturally growing plants. Costaria
with blade lengths initially greater than 20 cm, whether
controls or transplants, tended to grow better than plants
with initial blade lengths less than 20 cm. For example,
Point No Point controls started on May 17 and June 14, 1969,
grew quite well with a change in blade base shape from cuneate
to obtuse and with the production of sori on some blades.
Initially larger Sooke and Point No Point plants also grew
better at Indian Arm, but they still became brittle and
unhealthy in May and June.

In summary, the transplants generally grew and survived

less well than did the controls. The angle of the blade base

and bullations of some transplants tended to develop differently

from those of the controls. There was little or no change in
the prominence of the ribs, stipe length, ridges on the stipe

surface or time of sori appearance in the transplants.

IV. Morphology of Costaria in the northeast Pacific, and a

study of historically important specimens.

Study of Costaria in the northeast Pacific from herbarium

specimens:

Most Costaria in the northeast Pacific had prominent ribs
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and coarsecly ridged stipes. The bullations were difficult
to determine on pressed specimens, but appeared to be variable.
These plants were grouped according to the angle of their
blade base and whether the blades had regular perforations
or not. The different groups (cuneate/perforated, cuneate/
not perforated, obtuse/perforated, obtuse/ not perforated,
cordate/not perforated and auriculate/not perforated) were
plotted on a map of the northeast Pacific (Fig. 24).

Perforated plants were generally found on the outermost
coasts. The only cordate/perforated specimen (UBC 22801)
collected came from Klokachef I., Alaska (57°24'05"N, 136°52:"
W). Non~-perforated plants showed no clear distribution
pattern (Fig. 24). The existing wave exposure data are
subjective observations made by earlier collectors. These
data indicated that collections of Costaria were made mainly

in moderately exposed and exposed areas.

Collections of Costaria at San Juan I., Washington, and in

southwest British Columbia:

Observations on Costaria collected at San Juan I.,
Washington, and in southwest British Columbia are summarized
in Table XXIV. Large immature and mature Costaria from Second

Narrows and Stanley Park were similar. These plants, particularly
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Fig. 24 Distribution in the northeast Pacific
of mature Costaria with prominent ribs,
variable bullations and coarsely ridged
stipes, grouped according to the shape
of the blade base and the presence or absence
éf perforations. (Data from herbarium

specimens).

1 Cuneate/perforated

2 Cuneate/not perforated

3 Obtuse/perforated

4 Obtuse/not perforated

5 Cordate/not perforated

6 Auriculate/not perforated
MS Moderately sheltered
ME Moderately exposed

E Exposed
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from Second Narrows (where there is a strong current), tended

to have long stipes which were fairly coarsely ridged. San

Juan I. plants resembled them but had longer, more coarsely

ridged stipes and more prominent ribs. Mature Hammond Bay

and Thormanby I. plants were similar to each other and had

short, not very coarsely ridged stipes. The main difference

between Costaria in the vicinity of Bamfield, and Costaria
at Port Renfrew and Amphitrite Point was that more plants had

perforated blades in the former area (Table XXIV).

Young Costaria from San Juan I. (UBC 45686), Second

Narrows (UBC 45674) and Stanley Park (UBC 45679) had large
bullations, inconspicuous ribs and smooth stipes. At Hammond

Bay (UBC 45690) and Thormanby I. (UBC 45694-5) young plants

were similar, but had shorter stipes. However, at Port Ren-

frew (UBC 45702--5, 45707), the Bamfield vicinity (UBC 45708)

and Amphitrite Point (UBC 45712) young Costaria had more

bullations, prominent ribs and ridged stipes.

Study of historically important specimens:

Many of the specimens listed by Scagel (1957) were
immature. From Table XXV it can be seen that C. costata

and C. mertensii both with and without sori have a variable

blade base, coarsely ridged stipe (except for some young
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plants), prominent ribs, and bullations variable in size.
None of the plants are perforated (Figs. 25, 26). Specimens
are either similar to Costaria at Sooke and Point No Point
(Figs. 25A, B, 26A, B), or to a form of Costaria which grows
around Oak Bay, Victoria (Figs. 25C, 26C).

There is no difference between specimens from the Dudley
Herbarium labelled C. costata and C. mertensii by Doty (Fig.
27; Table XXV). Only one plant has sori. All have cuneate
or obtﬁse blade bases, coarsely ridged stipes, prominent ribs,
many small bullations (except for one plant) and are not per-
forated. They resemble Costaria from Sooke or Point No Point.

The type of Turner's Fucus costatus (1819) which I studied

at the BRritish Museum, London, was collected by Menzies at Port
Trinidad, California, and has an obtuse blade base (Fig. 3).
It is similar to Costaria at Point No Point. Another specimen,
at the Royal Botanic Garden, Edinburgh, collected by Menzies
on the northwest coast of America in 1788 is similar to the
type specimen, but has a more cuneate blade base. Turner's
illustration, copied from a drawing by Menzies, may have been
a composite of these two specimens.

In summary, most herbarium specimens of mature Costaria
from the northeast Pacific had many small bullations, prominent

ribs and coarsely ridged stipes. Perforated plants generally
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Costaria cited as C.

Scagel (1957),

in blade morphology.

with Fig. 26.

A UC 132658
B CAN 1642
C uc 777300
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showing variation

Compare

Magnification x 1/4
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Costaria cited as C. mertensii

by Scagel (1957), showing variation

in blade morphology.

A CAN 1638
B UBC 242
C UBC 243

Magnification x 1/4
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Costaria from the Dudley Herbarium
determined as C. costata and C.

mertensii by Doty.

A C. costata (DUD 307027)
B C. costata (DUD 307316)
C C. mertensii (DUD 307028)
D C. mertensii (DUD 307029)

Magnification x 1/4
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came from the outermost coasts. Costaria collected at San

Juan I. and in southwest British Columbia were quite variable

morphologically. The historically important specimens

were also variable.

V. Study of Japanese specimens.

Costaria from Tsugaru Strait and Muroran, Hokkaido, were
mature, and had linear blades with prominent ribs, perforations,
cuneate bases, and coarsely ridged stipes (UC 200176, UBC
42819, UBC 45831-3). One specimen from Hokkaido was similar

to the above plants, but had an auriculate blade hase (UC 96714) .
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DISCUSSION AND CONCLUSIONS

The results of observations and some experimental work
on Costaria, particularly at the four study sites in southwest
British Columbia, demonstrate two main morphological‘forms,

One morphological form, which will be called the Sooke/
Point Ko Point form (=S/PNP form), has prominent ribs, small
bullations, may have perforations, and has a tough blade which
does nottear readily and a coarsely ridged stipe, This is
typified by Costaria at Sooke, Point No Point and Cape Beale
(Figs. 5-7). 1In addition the ribs are thick with about 30
cell layers in the cortex on the ridge side (Table II; Fig,
12). Sori are rarely found continuously ocver the blades of
the S/PNP form and do not extend over the ridge side of ribs.
The haptera are not very branched (Figs. 16). Blade shape
varies from narrow linear to ovate and blade base shape usually
varies from cuneate to cordate (Tables I, IV, V; Figs. 5-7).

Since Turner (1819), the S/PNP form has been the form of
Costaria most frequently described, whether as one variable
species (Mertens, 1829; Postels and Ruprecht, 1840; Kutzing,
1849;: Harvey, 1852, 1862; Ruprecht, 1852; Areschoug, 1883;
Setchell and Gardner, 1903; Tilden, 1935; Smith, 1944) or as

two or more taxa (Agardh, 1848; Kjellman, 1893; Saunders, 1895;



~-71-
De Toni, 1895). The descriptions have been of plants with
prominent ribs, regular bullations and coarsely ridged stipes.
Most authors have also said that perforations may be present.
The morphological features used to distinguish species or
different forms of Costaria have been the shape of the blade
and blade base. However, the complete range of variation in
shape can be seen in the S/PNP form (Tables I, IV, V; Figs.
5-7).

Specimens of Costaria collected in Oregon and California
and determined by Doty (Table XXV: Fig. 27) fall within the
range of the S/PNP form. Specimens of C. costata and C.
mertensii from British Columbia and Northern Washington listed
by Scagel (1957) were mostly of the S/PNP form (Table XXV;
Figs. 25A, B, and 26A, B). Descriptions and illustrations of
Costaria by Japanese authors (Okamura, 1892; 1928, Pl. 226;
1936, Pl. 143; Nagai, 1940;: Tokida, 1954; Segawa, 1967, Pl. 23)
are also of this form. Herbarium specimens from Tsugaru Strait
(UC 200176) and Hokkaido (UC 96714, UBC 42819, UBC 45831-3)
clearly fit the S/PNP form andare perforated.

The second morphological form is typified by Costaria at
Indian Arm (Fig. 4). This form (=IA form) has flattened ribs,

large bullations, no perforations, a crisp blade which tears
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readily and a finely ridged stipe. The ribs are thin with
about 15 cell layers in the ridge side cortex (Table II;

Fig. 12). Sori may be continuous over the surface of blades
including the ridge side of ribs. The haptera are extensively
branched (Fig. 16). Blade shape is usually ovate and blade
base shape obtuse or cordate (Tables I, III; Fig. 4).

To date there has been no description or jillustration

of the IA form. Setchell and Gardner's (1925) broad description

of variation in the genus did not include this form, although
one of their illustrations (Pl. 79a) is closer to an IA form
than to a S/PNP form.

The phenology of the S/PNP and IA forms was similar.
Differences in the ontogeny of the two forms lay in the
development of the same characters which distinguish the
mature plants (Tables II-V). The time of development of the
different characters was also distinctive: The IA form be-
came relatively wider and developed an obtuse or cordate
blade base earlier than did the S/PNP form, whereas bullations
and ridges on the stipe developed earlier on the S/PNP form.

Each of the four populations of Costaria examined had
some distinctive features of their own. The Indian Arm plants

were quite distinct, as described above. Included in the
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S/PNP form, Costaria at Sooke were usually large plants with
relatively broad blades. At Point No Point, the plants were
smaller with narrower blades, smaller bullations and a different
pattern of sorus development. Costaria at Cape Beale were
distinguished by their much perforated blades. These four
populations form a series as regards blade shape, amount of
bullation and presence of perforations as follows: Indian

Arm —> Sooke =—» Point No Point —=y Cape Beale (Tables I,
III-V; Figs. 4-7).

Small collections of Costaria were made from other sites
in southwest British Columbia and San Juan I., Washington.
These were found to fit into this series (Table XXIV). Costaria
at Second Narrows and Stanley Park were similar to plants at
Indian Arm although plants with long stipes were fairly
coarsely ridged. Some plants at Oak Bay, Victoria (Figs. 25C,
26C) resembled the IA form, but had longer, more coarsely
ridged stipes and more prominent ribs, as had some specimens
at San Juan I. Other Costaria from different localities on
San Juan I. were of the §&/PNP form, Costaria at Hammond Bay
and Thormanby I. were similar to plants at Sooke but had short
stipes with fine ridges. Plants at Port Renfrew, in the

vicinity of Bamfield and at Amphitrite Point resembled Costaria
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at Point No Point or Cape Beale depending on whether the
blades were perforated or not.

For convehience, in Table XXV, specimens were designated
as similar to Costaria at Oak Bay, Victoria, if they had
broad blades with large bullations and flattened ribs, and
had a long coarsely ridged stipe (Figs. 25C, 26C). These
plants are closer to the IA form than to the S/PNP form, and
were only listed by Scagel for San Juan I. and Oak Bay. No
Costaria having a long stipe was ever found without being
at least fairly coarsely ridged.

The morphological series in southwest British Columbia
has the appearance of a discontinuous cline with the IA form
at one extreme. The S/PNP form has several rather indistinct
subgroups, with Costaria at Cape Beale at the other extreme
from the IA form. Experimentally, transplanting between
different environments in the field has been used to determine
the stability or plasticity of morphological characters in any
one population (Sundene, 1962a, 1962b; Druehl, 1967b; Norton,
1969). In the present study, transplants of Costaria were
made between Indian Arm, Sooke and Point No Point. The Sooke
and Point No Point sites are more exposed to wave action

than the Indian Arm site. The salinity is higher at the first
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two sites, and both surface temperature and salinity are
fairly constant. At Indian Arm there is considerable fluctu-
ation annually in surface temperature and salinity.

There were no major changes in Costaria transplanted
between Indian Arm, Sooke and Point ﬁo Point, but there
were a few trends. The angle of the blade base of Indian Arm
plants at Sooke decreased, and some blades became slightly
smoother than usual (Tables IX, X). The smoother blades may
be explained as follows. Growth of the blades may have been
better than was apparent insofar as distal erosion of the blade
could have obscured an increase in length. Bullations would
have increased proportionately in size; and since the blades
were very torn, only a few bullations would be seen on the
remaining pieces of blade.

Blade base shape of Indian Arm plants did not seem to
change at Point No Point, but exact measurements were not
made (Tables XI-XIII; Fig. 19). As at Sooke, some Indian Arm
blades looked smoother than usual at Point No Point. The poor
survival of Indian Arm plants at Sooke and Point No Point
(Tables IX-YIII) and of the Point No Point controls themselves

(Tables XIX, XX) was probably duc to mechanical damage to the

blades as they were beaten against the sides of the transplant
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bricks and sand was washed over them by the greater water

movement. Norton (1969) found that Saccorhiza polyschides

transplanted from a sheltered area to an area with strong
current did not survive because they soon were severely torn.

Sooke plants at Indian Arm developed a greater blade
base angle earlier than did Sooke controls (Tables XIV, XVII,
XVIII). The sheltered environment of Indian Arm may have
induced this, as the blades of some Laminariales tend to be
broader in sheltered than in exposed areas (Sundene, 1962D,
1964; Norton, 1969). Sooke plants at Indian Arm became very
unhealthy in May and June (Fig. 21).

Point No Point plants at Indian Arm grew better than did
their controls initially, but like the Sooke plants their blades
became brittle and translucent in May and June when the plants
were dying (Tables XIX-XXI; Fig. 22B, C). Sundene (1962b)

found that Alaria esculenta transplanted to a fjord where it

did not normally occur, grew well during the winter and early
spring but degenerated and disappeared during the summer and
early autumn. He attributed this to the low salinity ang
particularly the high summer temperatures in the fjord. sSun-
dene (1964) and Druehl (1967b) obtained similar results with

transplanted Laminaria digitata and L. groenlandica respectively.
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Apart from exposure, temperature and salinity were the
only factors considered that differed between the sites. The
deterioration of the Sooke and Point No Point Costaria at
Indian Arm may have been caused by high summer temperatures
and low salinities. There is no experimental evidence for this,
and the deterioration may have been caused in part or wholly
by other factors, such as nutrients pollution or disease.

Point No Point Costaria transplanted to Sooke grew better
than did the controls and remained healthy (Tables XXII, XXIII;
Fig. 23). Some plants produced sori. Sooke is less exposed
than Point No Point, which may account for the better survival
and growth »f these transplants.

Variation in blade morphology has usually been associated
with differences in exposure to waves, and so transplanting
techniques have been carried out to investigate this (Sundene,
1962a, 1962b, 1964; Norton, 1969). However, in Costaria blade
and blade base shape are partly related to the stage of
development (Tables III-V; Fig. 17). Small Indian Amm plants
had cuneate bases which soon became obtuse and eventually
cordate before reaching maturity (Table III), whereas S/PNP
forms remained cuneate longer and the mature plants were

obtuse or cordate (Tables IV, V). Agardh (1848) was the first
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to realize that the shape of Costaria changes with age.
Park e (1948) and Burrows (1964) found that the shape of

the blade base of two Laminaria species was a function of
growth rate. Fallis (1916) measured growth rates in Costaria
but did not relate tham to change in blade shape.

Other authors explained the variable shape of the blade
base in terms of the stage of development of Costaria and/or
the effect of the environment, particularly exposure to waves
(Setchell, 1893; Setchell and Gardner, 1925; Okamura, 1928,
1936: Kanda, 1936; Nagai, 1940; Tokida, 1954). Mature
Costaria at Cape Beale and Point No Point tend to have
streamlined linear blades with cuneate or obtuse bases (Table
I; Figs. 6,7). The plants are usually not very large. If they
are large, the blades are much longer than broad, and the plants
tend to grow subtidally. These plants are well adapted for
much tossing about in exposed areas. At Sooke and Indian Arm,
the blades tend to be more ovate, broader and larger (Table I;
Figs. 4,5).

Nearly all the herbarium specimens of mature Costaria
examined from the northeast Pacific were of the S/PNP form,
and were collected from moderately exposed and exposed arecas,

No pattern emecrged when groups of Costaria were plotted
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according to blade basc shape (Fig. 24). However, more
perforated plants were found on the outermost coasts. The IA
form may have appeared rare becausce few of the collections
were made in mainland inlets. Costaria was found to grow sub-
tidally up Indian Arm whereas it grew in the low intertidal
as well as subtidally in open coastal areas (Druehl, 1967a).

Variation in characters other than blade shape have also
been related to exposure. Widdowson (1965b) studied morpho-

logical variation in Hedophyllum sessile. 1In this species the

presence of bullations and degree of splitting of the blade
vary with the stage of development as well as with exposure

to waves and sunlight. The size of bullations in Costaria
seems to decrcase with increasing exposure from Indian Arm to
Point No Point (Fig. 8). Small bullations may strengthen the
blade, allow water to pass more easily over the blade, and
increase the surface arca for photosynthesis. The tough blades
of Cape Beale Costaria were nearly smooth between the ribs and
had bullations outside the outermost ribs (Figs. 7, 8D). The
bullations on either side of the middle rib may have become
perforated, making that part smoother. Costaria blades may
offer less resistance to water movement if they are perforated.

Norton (1969) found that the blades of Saccorhiza poly-

schides growing in sheltered places tore under their own
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weight when removed from the water, whercas S. polyschides

in more exposed sites had tough blades. Similarly IA form
Costaria tore readily when handled, but the S/PNP form was

tough. Norton and Burrows (1969) also found that tough,

thick S§. polyschides had a larger number of cortical cells
than did plants in a sheltered area. The thickness of Costaria
blades between the ribs did not vary much at the different
sites (Table 1I; Fig. 10). However, the ribs of the §/PNP
form were nearly twice as thick as the ribs of the IA form,
and most of the extra thickness came from the increased number
of cell layers in the ridge side cortex (Table II; Fig. 12).
These thic-ker ribs probably give added strength to the blade,
as they run the length of the blade and are not easily torn
across. The thicker ribs would also explain why Costaria
blades become more eroded longitudinally with increasing ex-
posure to waves, rather than eroded at right angles to the
longitudinal axis, as tended to occur at Indian Arm.

Sorus appecarance and distribution on the blade may be ex-
plained as follows. At Indian Arm and Sooke, blades arc less
torn than at Point No Point or Capc Beale and sori are first
visible on the uppar and older portions of the blades; they

later cover morc of the lower parts. Due to crosion of the
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blade ends in plants from Point No Point and Cape Beale, sori
seem to develop chiefly on the lower half of blades. Sori are
distributed almost continuously on the comparatively smooth
blade surfaces of the IA form. However, the S/PKP form shows
a discontinuous distribution of'sori. The more sheltered micro-
environment of the hollows of the bullations may favour sorus
development.

It is difficult to relate stipe length of Costaria to
exposure, but a longer stipe may allow a plant freer movement
in an exposed area. Druehl (1967b) found the short stipe form

of Laminaria groenlandica to occur in quiet waters and the long

stipe form in moreexposced arcas. The IA form Costaria had
finely ridged, more slender stipes than the S/PNP form which
were coarsely ridged (Table I; Figs. 14,15). Like the thicker
ribs on the blades, coarse ridges may similarly add to the
strength of the stipe. The added strength would be particularly
advantageous where the stipe becomes flattened at the junction
of the stipe and blade. Ridges also increase surface area,
possibly for photosynthesis. On the whole, short stipes tended
to be less ridged than long stipes even in exposed areas and
long stipes were always fairly coarsely ridged or coarsely

ridged cven in less exposed areas.
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Indian Arm form Costaria had numerous, profuscly branched

haptera loosely attached to the substrate. The S/PNP form had
fewer, less branched haptera which attached tightly to the sub-
strate. The many haptera of the IA form seemed to bind the
mud without adhering to a solid substrate. The tightly attached
haptera may be correlated with greater water movement, as
loosely attached plants in an exposed area would get washed
away.
Changes in morphology have usually been associated with
water movement (Knight and Parke, 1950; Burrows and Lodge,
1951; Kain, 1962; Sundene, 1962a, 1962b, 1964; Druehl, 1967b;
Norton, 197 Howover, Turrows (1964) has related variation
in texXture, mucilage ducts and anatomy of laminarialean blades
to differences in temperature. The effect of salinity on mor-
phological characters of kelp sporophytes has not been studiegd,
although Sundene (1962b, 1964) attributed the deterioration of
transplanted Alaria and Laminaria partly to low fjord salinities.
An interesting small collection of Costaria was made in
June, 1971, at Bamficld at about 12 m below the extreme low

tide level. Ilere Costaria was growing with Laminaria saccharina

and Zostera marina which are usually found in more sheltered

places (Druchl, pers. comm.), The blades of the Costaria were
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morce delicate than usual for that area with large bullations,
flattened raibps and no perforations (UBC 45795-9). There were
sori along the ribs on the upper part of some blades (UBC 45795-6).
The stipes were coarsely ridged and the haptera guite branched.
Except for the coarsely ridged stipes, the plants resembled the
sheltered IA form Costaria (Fig. 28). However, the deep growing
plants were most similar to Costaria from Second Narrows. Sun-
dene (1962a) and Kain (1962) found that some other members of
the Laminariales growing in deep water in more exposed areas
tended to have the same form as plants growing in more sheltered
places. Second Narrows is sheltered but has a strong current,
and o plent itk o long ctipe would be “etter adapted for
survival in a current than a plant with a short stipe. As noted
earlier, long stipes are always ridged. The presence of a
current where the collection was made at Bamfield would explain
the long, coarsely ridged stipe.

Trends in the morphology of mature Costaria as related to

a wave exposure gradient from sheltered to fully exposcd may

be summarized as follows:

Sheltered Fully exposed

Broad bladc Narrow blade

Large anglc of blade basc Small angle of blade base
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Costaria collected in June, 1971,

about 12 m below exXtreme low tide

level at Bamfield (UBC 45795).
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Ribs flattened Ribs prominent

Bullations large Bullations small

Crisp blade, tears easily Tough blade, does not tear easily
No per forations Perforations

Stipe surface smooth or Stipe surface coarsely ridged

finely ridged
Haptera extensively Haptera not extensively branched
branched

Taken individually, these are not good taxonomic characters
because they regularly intergrade. Combinations of characters
make the extreme forms of Costaria (e.g. from Indian Arm and
Cape Beale) guite distinctive, but the intermediate forms
(e.g. trom San Juan I. and Oak Bay, Victoria) complicate the
pattern. Because only four (geographically separated) popula-
tions were studied cxtensively, more intermediates may be found
around the islands of the Strait of Georgia and along the
British Columbia mainland and east coast of Vancouver I. The
range of variation is summarized in Fig. 29 and the relative
frequencies of ecach morphological variant is given for Costaria
from the major collection sites.

The variation seen within any one population may partly
be explained by the breceding system of Costaria; sexual repro-

duction would favour outbreeding. Meiospores are released



Fig.
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Summary of the range of variation in prominence
of ribs, ridges on the stipe surface, bullations
and perforations in Costaria from areas of
different wave exposures, arranged according

to blade base shape. At the major collection
sites (Indian Arm, Sooke, Point No Point and Cape
Beale) the more frequent morphological variants
are shown by duplicate and triplicate symbols.
Some data come from the small collections in
southwest British Columbia and from herbarium
specimens from the northeast Pacific, wherever

wave exposure data were available.

r Ribs not prominent
s Stipe smooth or finely ridged
b Bullations few and large

P Perforations absent
Bb Bullations wvariable

R Ribs prominent
S Stipe coarsely ridged
B Bullations many and small

P Perforations present
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BLADE BASE SHAPE
Cuneate Obtuse Cordate Auriculate

O OODDOTEOD

SHELTERED (S

MODERATELY
SHELTERED

MODERATELY
EXPOSED

EXPOSED
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over several months. They are motile and would be dispersed
by water movements. Male gametes are also motile. 1In theory
there is a potential for gene exchange between all populations
of Costaria, but it is not known how far meiospores can be
dispersed nor for how long they are viable.
Differences in Costaria plants may be accounted for

by phenotypic plasticity or ecotypic variation, Fhenotypic
plasticity is indicated where morphological characters vary
widely in response to variations in environment. Experimentally,
transplants should distinguish between phenotypic plasticity
and ecotypic variation. The Costaria transplants did not give
definite results as tothe plasticity of the various characters
studied. However the sporophytes used in the transplant experi-
ments already had blades up to 20 cm long and so had probably
spent several weeks in their first environment. Thus, the
reaction of the transplants to the second environment may

have been conditioned physiologically and/or morphologically
by their experience in the first. Hence the IA form could

not survive mechanical damage from wave action in the upper
subtidal of moderately exposed and exposed coasts while the
S/PNP form could not survive the high summer temperatures and

low salinities of a mainland inlet. To distinguish between
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phenotypic plasticity and ecotypic variation, ideally
meiospores should be transplanted.

Natural selection of those meiospores, gametophytes or
young sporophytes most suited to each environment cogld also
contribute to observed variation in the cline; to find the
effect of selection, survival and development of these stages
would have to be followed individually.

On the southwest and west coasts of Vancouver I. ecotypic
variation of Costaria would seem unlikely because distinctive
habitats are not isolated, suggesting that phenotypic plasticity
would be responsible for the variation. However, Indian Arm
could be considered envirovrmentally distinct, and the popula-
tion there could either be ecotypically divergent or else
strongly phenotypically plastic. At Bamfield the deep growing
Costaria, which were similar to Costaria at Indian Arm and
Second Narrows, were spatially close to an exposed area and
geographically separated from sheltered Indian Arm and
Burrard Inlet. The temperature and salinity ranges at Bamfield
were also quite different from Indian Arm. 1In this case eco-
typic divergence seems unlikely.

In conclusion, from my observations and transplanting

experiments, it is not possible to say with certainty what



-80-
causes variation in Costaria, but phenotypic plasticity secems
most likely with wave exposure the major factor determining
morphology.

Since variation in blade and blade base shape has been
the feature most commonly used to distinguish between Costaria
costata, C. mertensii and/or other taxa of Costaria, and since
the Costaria described to date have been of the S/PNP form,
the various names should be reduced to synonomy with C. costata

Turner's Fucus costatus (1819) is the type specimen for the

genus Costaria and the species C. costata (Fig. 3). Although

the IA form has not been described or illustrated previously,

it fits the sheltered extreme of the wave exposure gradient in
variation. Thus the S/PNP form could be called a 'wave exposed
morphological form' and the IA form a 'sheltered morphological
form'. Because of wide polymorphism in the different populations
and between populations, the morphological forms should not be

given taxonomic status.



-90-

APPENDIX

In Tables I - XXV the following abbreviations are used:

COR
AUR

No.
of plants

Mean measurement
Standard deviation
Cuneate

Obtuse

Cordate

Auriculate

Number of plants used to calculate means and
standard deviations (Tables VI - XXIII). Higher
number represents sample size; lower number
represents fewer measurements made because parts

of some plants in the sample were damaged.
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Transplant studies:

Blade length (cm)

Maximum blade
width (cm)

Blade base angle

Blade base shape

Stipe length (cm)

No. of plants

Transplant studies:

Blade length (cm)

Maximum blade
width (cm)

Blade base angle
Blade basec shape
Stipe length (cm)

No. of plants
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TABLE X
Indian Arm Costarija transplanted to Sooke on March
30, 1969, showing blade and stipe measurements for
successive sampling dates.

Mar. 30 Apr. 13 Apr. 26

Mean S.D. Mean S.D. Mean S.D.

11.0 2.9 7.6 2.4 7.0 2.1

5.2 1.9 4.4 1.0 3.1 1.2

123 27 80 14 87 25
CUN CUN CUN
OBT OBT

1.2 0.3 1.3 0.2 1.6 0.7

TABLE XI
Indian Arm Costaria transplanted to Point No Point
on May 13, 1968, showing blade and Stipe measurements
for successive sampling dates.

May 13 June 13 July 9

Mean S.D. Mean S.D. Mean S.D.

7.9 --- 14,5 ---  18.8  ---

7.1 === 6.5 --= 7.2 -ee

OBT OBT OBT

1.8 === 3.5 --= 4.6  ---
1 1 1
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TABLE XII
Transplant studies: Indian Arm Costaria transplanted to Point No Point
on June 13, 1968, showing blade and stipc measurements
for successive sampling dates.

June 13 July 9

Mean S.D, Mean S.D.

Blade length (cm) 7.2 -—- 8.5 -

Maximum blade
width (cm) 5,1 --- 3.5 _—

Blade base angle --- - - -

Blade base shape OBT OBT
Stipe length (cm) 2.3 -—— 2.4 R
No. of plants 2 2
TABLE XIII
Transplant studies: Indian Arm Costaria transplanted to Point No Point

on July 9, 1968, showing blade and stipe measurements
for successive sampling dates.

July 9 Aug. 23 Sept. 28

Mean S.D. Mcan S.D. Mean S.D.

Blade length (cm) 9.2 6.0 14.9 11.8 7.9 _———

Maximum blade
width (cm) 4,6 1.7 5.6 3.1 5.2 _——

Blade base angle -—- --- - - - _——
Blade base shape OBT OBT OBT

Stipe length (cm) 1.5 1.0 2.3 1.7 4.6

No. of plants 5 5 1
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Transplant studies:

Blade length (cm)

Maximum blade
width (cm)

Blade base angle
Blade base shape
Stipe length (cm)

No. of plants
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TABLE

Sooke

Xv

Costaria controls started on

March 30,

stipe

1969, showing blade and
measurements for successive
sampling dates.

Mar. 30 Apr. 26 May 18
Mean S.D. Mean S.D. Mean §S.D,
11.1 4.7 18.8 10.8 32.8 20.9
3.7 1.1 4.8 1.7 5.9 2.9
54 6 50 16 53 15
CUN CUN CUN
1.1 0.6 2.9 1.1 4.5 1.3
5 4-5
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Transplant studies:

Blade length (cm)

Maximum blade
width (cm)

Blade base angle
Blade base shape
Stipe length (cm)

No. of plants
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TABLE XIX

Point No Point Costaria controls
started on March 29, 1969, showing
blade and stipe measurements for
successive sampling dates,

Mar. 29 Apr. 25 May 17
Mean S.D. Mean 8. Mean S.D.
11.9 3.8 11.4 2.3 12.0 -

2.8 0.6 2.8 0.7 -—— -

56 5 56 6 60 -

CUN CUN CUN

1.3 0.5 2.2 0.9 1.7 -

5-6
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TABLE XXI
Transplant studies: Point No Point Costaria transplanted
to Indian Arm on April 3, 1969,
showing blade and stipe measurements
for successive sampling dates.

Apr. 3 Apr. 24 June 11

Mean S.D. Mean S.D. Mean S.D.

Blade length (cm) 11.0 4.1 18.4 6.5 17.0 -—-

Maximum blade

width (cm) 3.0 1.0 3.8 0.8 6.9 -
Blade base angle 54 9 65 11 85 _—
Blade base shape CUN CUN CUN

Stipe length (cm) 1.5 0.6 2.0 0.7 3.0 0.7

No. of plants 14 14 2
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