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ABSTRACT

Major chemical constituents and their seasonal changes were
determined in several native Pacific Northwest species of
Porphyra. The Porphyra samples collected at three different sites,
Whiffin Spit (Sooke), Orlebar Pt. (Gabriola Island), and Wreck
Beach (Vancouver), were P, torta Krishnamurthy, P. perforata J.
Agardh, P. pseudolanceolata Krishnamurthy, P. mumfordii Lindstrom
et Cole, and P. fallax Lindstrom et Cole.

Eicosapentaenoic acid, palmitic acid, floridosides,
porphyran, ash content and dry weight showed significant but
irregular fluctuations or seasonal changes over the growing period
of Porphyra, which suggests the need for appropriate timing of
harvest depending on the purpose of Porphyra utilization.

Total lipid content ranged from 0.10% to 1.70% (dw). The
content of eicosapentaenoic acid, the major polyunsaturated fatty

1

acid, varied from 0.01 mg g. > to 1.69 mg g. © (dw). The content

of palmitic acid, the major polysaturated fatty acid, varied from
0.28 mg g._1 to 1.13 mg g. t.

Total amino acid content of Porphyra in this study was
relatively high, and ranged from 16.65% to 43.79% (dw). The
composition of total amino acids was dominated by methionine,
alanine, and tyrosine, in 1991, and alanine, arginine and glutamic
acid in 1992. Slightly different composition was observed in free

amino acids, which were dominated by alanine, threonine, and

glutamic acid in both collection years.



iv

The content of porphyran ranged from 7.63% to 55.59% (dw),
isofloridoside, from 0.37% to 8.26% (dw), and floridoside, from
0.13% to 4.91% (dw). Ash content ranged from 12.23% to 26.30%
(dw) «

Significant variations among species were observed in all
chemical contents analyzed, except isofloridoside. Moreover,
significant inter-site variations were recorded for total amino
acids and eicosapentaenoic acid content in P. perforata collected
at Whiffin Spit and Orlebar Point.

In conclusion, this study confirms the feasibility of
Porphyra harvest for a highly valued product based on its chemical

constituents.



DEDICATION

I would like to dedicate this thesis
to my beloved wife and daughter,
Lucy and Putri Aulia,
for your patient, ever-lasting encouragement and love,
and also to my son, Buby Sultan,
who has been in God's hand,

Alkhamdulillah jaza kumullahu khoiron



ACKNOWLEDGEMENTS

I would like to express my special thanks to Dr. Lalit. M.
Srivastava for his encouragement, guidance and constructive
criticism of the manuscript and useful discussions, and above all
for teaching me to be a "scientist" throughout our discussions. I
would like to express my appreciation to Dr. Sandra C. Lindstrom
for her help in suggesting the sites of collection, for going with
me to collect the first samples, and for pertinent suggestions for
the manuscript. Dr. Geoffrey. R. Lister, my supervisory committee
meﬁger, your insightful comments are also greatly appreciated. My
sincere thanks are offered also to Dr. Louis D. Druehl, who taught
me "What a seaweed is", and patiently guided me an understanding
of and provide experience in phycology. To my B7220 laboratory
companion, Dr. J. X. Meng who was always ready to resolve my
practical problems in analysis, Mr. F. Bellavance, Mr. M. Yang and
Dr. V. Bourne who provided technical assistance in statistics, use
of HPLC , and preparation of slides, respectively, thanks very
much. Finally, I would like to express my gratitude to Department
of Biological Sciences, Simon Fraser University for providing
facilities to complete my study, and for the Eastern Indonesia
University Development Project (SFU-CIDA) for having financed my

study. My buddy, Sudirman MSc., thanks for your encouragement.

vi



TABLE OF CONTENTS

APPIOVAL . iititrensesoesessooseoacessaseseassnanssasscasnans ii
Abstract .......... e esenannn ceeesesaan cesesescaraaeanns iii
Dedication ...ceseeeees e ec e e esesses et e aseteanaeneons \%
Acknowledgments ....cceccecccccccnconn ceceece s cncaane o vi
Table of Contents .....cve... et eeasaes A, vii
List of Tables ........ cenee e e teeresesecesseseneensens X
List of Figures ........cc... et ceesceetaceesce et en e xi
List of Appendices ....eiiitieeetneeteeesoosencsascnannns Xv
I: Introduction .....vieiterreesneeesecenocceancnananes 1
Background ....eeeieceseeessesecsoncccosesconcsos 1

Review of Literature .......cceeceeeeceneccncccos 4
Carbohydrates ...... e e ceecte st csea st esae oo 4

Amino acids ....c000. ceesessaes ceeeseesennnn 7

Lipids tveiiereeesecansssncssecnsssocnsacsanss 8

Nutrients ....cceeeeeecccens tte e rssneaonans 9

II. Materials and Methods .....cc.iciiiieeinenccnccenncans 11
SAMPliNg v eeeeeeseooessosossossoscssossccnccncsanss 11
POXPRYra «eeeeeeoceceeens cestecssss st eceseasas e 11

Seawater ............... P 13
Analytical Procedures ........cecee.. et ceeseeen 13
Seawater analysis ...... e cet et cseeansaeoaone 13

7= o W 13

Total C and N analySeS .....cieveeccoccacssncns 14

Analyses of nutriehts in plant tissue ........ 14

vii



Lipids ....... e st eeses st ses st et st re e 14
extraction ...... ittt 14
determination ......eeceerrerceccrsccnnns 15

Amino acids ....... ceeceracannn e ece e le
extraction of free amino acids .......... 16
extraction of total amino acids ......... 16
determination of amino acids ............ le

POrphyran ... ieeeeeeeesnneeessscssssscasaonsss l6

Floridosides ....veeeeeeeenecessceossesssnanns 17
ERELACELON vvvterrnnernnenreeseneennennns 17
determination ...... B 18

Statistical Analyses ......... e sesseessseesssans 18
Results ...... e ee e eseeseteas e e aas s nanans 20
Collection Sites ........ Ceceersecseseenan ceeeenn 20
Occurrence Of POorphyra ....ceeeesecesossecscaenas 22
Seawater Nutrients ......iiieiverennecnonnns eeese 23

Porphyra Samples Available for Chemical Analyses 28

Statistical Analyses ....i.veeeennns ceeean ceseees 28
Dry Weight ....eitiiiiiieiiintnecsesnansanns ceess 29
2. o et eteeac e 29
Total Carbon and Nitrogen .........cecee.. e 34
Tissue Inorganic Nutrients ....... ceeseeas oo s 38
Total lipids and Fatty ACidsS ..ceieeineneenesenns 44

Amino Acids ........ ettt aeeec et eeeeasseanse e 56

Porphyran .........o.. it eeseneaene Ceee et 62

viii



Floridosides ..veeeieeesosecoscesosaosascosocns cee.. 11

IV. DiSCUSSION ... iviirereessenoocsnosssccosnoscocnnsas 78
Occurrence Of POYXPRYIA «coveveesesesssaonans veee. 18
Seawater Nutrients .....ccccvve.n Ceese e ceees 19
Total Carbon and Nitrogen ......... et ecesceenas 79
Tissue Inorganic Nutrients ........ ceesane oo 80
Total Lipids and Fatty Acids ......ccivveeeenenn. 81
AMino ACIAS ..iiiierveeceerseconccanccrsasancscnnnss 83
Porphyran ..... feceececaenn e s et retet e 86

. Floridosides ......... Ceecececeaces e a e ns 86
ConclusSions ...cceeeae ceessessenesaans Ceesceaenae 88
V. POStSCript it ieeeeenesnsecetccacsaansns ceee e 90

REF I EINCES et vececescsoesoacessossosssosesssasesssescsssas 92



Table 1.

Table 2.

LIST OF TABLES

Porphyra species and collection sites ........
Air temperature at the time of collection for

the sites ...ccvee.. st et e et et ecoeseenoonsnnes



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

- Fig.

Fig.

Fig.

Fig.

LIST OF FIGURES

1. Chemical structure of floridosides (A) and porphyran

(B) et tteeeteteeeeeeecessosessssesssasssascaasssananas 5
2. Map showing the collection sites of Porphyra spp.
...................................................... 12
3. Porhyra spp. position relative to tide level at the
time of January 1991 and 1992 collections ............ 21

4. Seasonal occurrence of Porphyra spp. at the collection
=30 I o = 24

5. Changes in seawater nitrate and ammonium at the sites
as observed at collection timesS ...t ierenennnneennnnn 25

6. Changes in seawater nitrite and phosphate at the sites
as observed at collection times ...ceveiiieinnnnnennn. 26

7. Dry weight of Porphyra spp. at the three sites. The
values shown are averages of all collections in one year
with their standard deviations (P. perforata from Whiffin
Spit, 1991 has no standard deviation). Bars with an
asterisk (¥*) indicate significant differences between the
two years (P € 0.05) ottt iieeererennrenosoncancsnanans 30

8. Average dry weight of Porphyra spp. both 1991 and 1992
at the three sites. The bars shown are least square mean
values of all collections. Bars with the same letter are
not significantly different (p > 0.05) ......c0veue... 31

9. Changes in dry weight of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
S1teS tiieetiiatiri ittt etenannann et e e 32

10. Ash content of Porphyra spp. at the three sites. The
values shown are averages of all collections in one year
with their standard deviations (P. perforata from Whiffin
Spit, 1991 has no standard deviation). Bars with an
asterisk (*) indicate significant differences between the
two years (P € 0.05) 1ttt iiieeasesosoceasaseannssnsnans 33

11. Average ash content of Porphyra spp. both 1991 and
1992 at the three sites. The bars shown are least square
mean values of all collections. Bars with the same letter
are not significantly different (p > 0.05) ........... 35

xi



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

xii
12. Changes in ash content of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
£ I ol = 36
13. Changes in total carbon of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
sites (.iiiiiiien.n ceeeeas e e et stas e e et s e s e e enenan 37

14. Changes in total nitrogen of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
5 I o = 39

15. Changes in C/N ratio (by atom) in Porphyra spp.
collected January to May 1992 ... eneeneenenoannnns 40

16. Changes in tissue nitrate of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
Sites .. iiiiiiiiii ittt e et e et cat et 41

17. Changes in tissue nitrite of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
Sites tiiiittitiiiietteeeeananan e ceresssc et et aaaene 42

18. Changes in tissue ammonium of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
e o =T 43

19. Changes in tissue phosphate of Porphyra spp. collected
January to May, 1991 and 19922, at the three collection
RS o = 45

20. Total lipid content in Porphyra spp. at the three
sites. The values shown are averages of all collections in
one year with their standard deviations (P. perforata from
Whiffin Spit, 1991 has no standard deviation). Bars with
an asterisk (*) indicate significant differences between
the two years (P € 0.05) ittt nneerenenoncecenns 46

21. Average total lipid content in Porphyra spp. both 1991
and 1992 at the three sites. The bars shown are least

square mean values of all collections. Bars with the same
letter are not significantly different (p > 0.05) .... 47

22. Eicosapentaenoic acid content in Porphyra spp. at the
three sites. The values shown are averages of all
collections in one year with their standard deviations (P.
perforata from Whiffin Spit, 1991 has no standard
deviation). Bars with an asterisk (*) indicate significant
differences between the two years (p £ 0.05) ........ 48



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

xiii

23. Average eicosapentaenoic acid content in Porphyra spp.
at the three sites. The bars shown are least square mean
values of all collections. Bars with the same letter are
not significantly different (p > 0.05) .........c..... 50

24. Palmitic acid content in Porphyra spp. at the three
sites. The values shown are averages of all collections in
one year with their standard deviations (P. perforata from
Whiffin Spit, 1991 has no standard deviation). Bars with
an asterisk (*) indicate significant differences between
the two years (P £ 0.05) ..iitiiirteenneenseneeonnnnns 51

25. Average palmitic acid content in Porphyra spp. both

1991 and 1992 at the three sites. The bars shown are least
square mean values of all collections. Bars with the same
letter are not significantly different (p > 0.05) .... 52

26. Changes in total lipids of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
= 1 o = 53

27. Changes in eicosapentaenoic acid of Porphyra spp.
collected January to May, 1991 and 1992, at the three
collection sites ..iiiveieececcnns e eeveseesaceera e 54

28. Changes in palmitic acid of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
SILES it eettieetrractccteronannes Gt et eees sttt e en e 55

29. Total amino acid content in Porphyra spp. at the three
sites. The values shown are averages of all collections in
one year with their standard deviations (P. perforata from
Whiffin Spit, 1991 has no standard deviation). Bars with
an asterisk (*) indicate significant differences between
the two years (p £ 0.05)

.......... Y

30. Average total amino acid content in Porphyra spp. both
1991 and 1992 at the three sites. The bars shown are least
square mean values of all collections. Bars with the same
letter are not significantly different (p > 0.05) .... 58

31. Free amino acid content in Porphyra spp. at the three
sites. The values shown are averages of all collections in
one year with their standard deviations (P. perforata from
Whiffin Spit, 1991 has no standard deviation). Bars with
an asterisk (*) indicate significant differences between
the two years (P S 0.05) .ttt iiteeerransenncnoonssnnns 59



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Xiv

32. Average free amino acid content in Porphyra spp. both
1991 and 1992 at the three sites. The bars shown are least
square mean values of all collections. Bars with the same
letter are not significantly different (p > 0.05) .... 60

33. Changes in total amino acids of Porphyra spp.
collected January to May, 1991 and 1992, at the three
Collection SiteS tiiieiiieieeieeeeeneoeeecoonareenonns 61

34. Changes in free amino acids of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
SitesS ittt ictenns et ecteseeeersnesanat et rasanenens 63

35. Total amino acids composition of Porphyra spp.
collected 1991. The values shown are an average of all
collections in one year with their standard deviations 64

36. Total amino acids composition of Porphyra spp.
collected 1992. The values shown are an average of all
collections in one year with their standard deviations 65

37. Free amino acids composition of Porphyra spp.
collected 1991 The values shown are an average of all
collections in one year with their standard deviations 66

38. Free amino acids composition of Porphyra spp.
collected 1992. The values shown are an average of all
collections in one year with their standard deviations 67

39. Porphyran content in Porphyra spp. at the three sites.
The values shown are averages of all collections in one
year with their standard deviations (P. perforata from
Whiffin Spit, 1991 has no standard deviation). Bars with
an asterisk (*) indicate significant differences between
the two years (p £ 0.05) .....c.... e et eet e eae s 68

40. Average porphyran content in Porphyra spp. both 1991
and 1992 at the three sites. The bars shown are least
square mean values of all collections. Bars with the same
letter are not significantly different (p > 0.05) .... 69

41. Changes in porphyran of Porphyra spp. collected
January to May, 1991 and 1992, at the three collection
sites ...... t e e e s et eceeneescen s ac st e sacseeneaan 70

42. Isofloridoside content of Porphyra spp. at the three
sites. The values shown are averages of all collections in
one year with their standard deviations (P. perforata from
whiffin Spit, 1991 has no standard deviation). Bars with



Fig.

Fig.

Xv

an asterisk (*) indicate significant differences between
the two years (p < 0.05) ........ Gt s e ettt e e 72

43, Average isofloridoside content of Porphyra spp. both

1991 and 1992 at the three sites. The bars shown are least
square mean values of all collections. Bars with the same
letter are not significantly different (p > 0.05) .... 73

44, Floridoside content of Porphyra spp. at the three
sites. The values shown are averages of all collections in
one year with their standard deviations (P. perforata from
Whiffin Spit, 1991 has no standard deviation). Bars with
an asterisk (*) indicate significant differences between
the two years (P S 0.05) t.iiiiteereecnrsnencnocnsncans 74

45, Average floridoside content of Porphyra spp. both 1991
and 1992 at the three sites. The bars shown are least

square mean values of all collections. Bars with the same
letter are not significantly different (p > 0.05) .... 75

46. Changes in isofloridoside content of Porphyra spp.
collected January to May, 1991 and 1992, at the three
collection sites ...eevecceens e e eere e et e e ce s enaeae 76

47, Changes in floridoside content of Porphyra spp.
collected January to May, 1991 and 1992, at the three
collection Sites ... ieriiriineieereecnnnercenconcananns 77



I1

III.

LIST OF APPENDICES

Tide level at the day of collections .......veeeeeenenns 103

Least square mean analysis for the effect of month to
chemical contents in POrphyra SPP. «eeeeeeeeeeeeeoonnens 104

Major chemical compositions of native Pacific Northwest
Porphyra SpPP. seeececess Ceeeesssanteesss ettt es et e eas 105

xvi



=

I. INTRODUCTION

BACKGROUND

Porphyra, also known as laver or nori, is a high value edible
seaweed. The food value of Porphyra lies in its high nutritional
content. It is rich in proteins, 25 - 50% of the dry weight
(Nisizawa et al., 1987), vitamins and mineral salts (Chapman,
1970) and for these reasons is considered to be a health food. Its
vitamin C content is about 1 1/2 times that of oranges and it is
alsé rich in B vitamins (Nisizawa, et al., 1987). In addition,
human beings digest 72-78% of the protein and carbohydrates of
Porphyra (Fujiwara-Arasaki et él., 1984) . The quality of Porphyra
also depends to a large extent on visual and organoleptic factors
which are contributed by the chemical composition of Porphyra
(Mumford and Miura, 1988).

Japan is considered as the most important producer as well as
user of Porphyra (Chapman and Chapman, 1980). Recently, Japan
produced approximately 10 billion sheets of nori worth nearly
$2,000,000,000 annually (Anonymous, 1989). China and Korea are
other major nori producers. In China, Porphyra has been utilized
in soups and flavoring since 533 AD; in Korea, Porphyra was first
cultivated.in 1623 and its production has increased greatly during
the last 10 years (Mumford and Miura, 1988).

In North America, most of the coastal Northwest American

Indians from Washington to southern Alaska collect and eat



porphyra. They dry and store it or sometimes chew and ferment it
(Mumford and Miura, 1988). Commercial production of Porphyra began
in Washington State, and it was hoped to begin in British Columbia
in 1989 (Anonymous, 1989). Lindstrom (1989) has reported that
there are 20 species of Porphyra in British Columbia, out of which
4-5 species could be considered for cultivation. These promising
species are those proposed by Waaland, et al. (1986), namely
Porphyra fallax, P. abbottae, P. torta, P. pseudolanceolata, and
P. nereocystis (The samples of P. fallax were originally
identified by Waaland et al., 1986 as P. perforata, Lindstrom and
Cole, 1990; and those of P. pseudolanceolata were P. fallax subsp.
conwayae, Lindstrom, pers. commun.). In addition to developing
Porphyra cultivation in North America, a research program to
review the taxonomy (Conway et al. 1975; Lindstrom and Cole, 1990
and Lindstrom and Cole, 1992), and evaluate the biological and
economic feasibility of Porphyra culture in the cool, nutrient-
rich waters of the Northeast Pacific Ocean was conducted by the
Washington Department of Natural Resources in 1980 and subsequent
years (Mumford et al., 1985; Mumford, 1988; Mumford, 1990), and
Waaland and co workers (Waaland and Dickson, 1983, 1987; Waaland
et al., 1984, 1987, 1988, 1990; Waaland and Mumford, 1981).

The growth of Porphyra, like that of other seaweed species,
depends on an interaction with its physicochemical environment
(see Lobban et al., 1985). Among the major environmental factors
are light, temperature, salinity, water motion, and nutrient

availability. Light, for example, affects metabolic rates, growth



rate as well as reproduction and life history of seaweeds (Dring,
1974) . All of these environmental factors vary with season.
Therefore, it seems reasonable to hypothesize that the biochemical
composition of Porphyra also varies through the seasons.

A good deal of research has been done on seasonal variations
in chemical and biochemical composition of seaweed species such as
Gracilaria tikvahiae (Penniman and Mathieson, 1987), Macrocystis
integrifolia and Nereocystis luetkeana (Rosell and Srivastava,
1984), Sargassum muticum (Gorham and Lewey, 1984), Saccorhiza
polychides (Jensen et al., 1985), Eucheuma spp. (Dawes et al.,
1974; Dawes et al., 1977), Cystoseira elegans (Combaut et al.,
1981), Pleurophycus gardneri (Germann et al., 1987), Laminaria
longicruris (Chapman and Craigie, 1977; Chapman and Craigie,
1978), Fucus spp. and Ascophyllum nodosum (Macpherson and Young,
1952), Ulva lactuca (Medcalf et al., 1975), and Chondrus crispus
(Butler, 1936; Fuller and Mathieson, 1972). In contrast, in our
knowledge only a few studies have been done on biochemical
composition and its seasonal variation in species of Porphyra
growing in North America (Wheeler and Bjdérnsiter, 1992; Meng and
Srivastava, 1993). This situation led me to investigate the
changes in biochemical composition of native British Columbia
Porphyra spp. during their growing season. This information may be
useful in Canada in particular in the cultivation and production
of Porphyra species that have an appropriate biochemical

composition.



REVIEW OF LITERATURE

Carbohydrates

The constituents of major carbohydrates in red algae, in
contrast to that in land plants, consist of floridean starch and
floridosides as major storage products. Moreover, floridean starch
is deposited free in the cytoplasm, rather than in chloroplasts,
and generally is composed solely of amylopectin, rather than a
mixture of amylose and amylopectin (Pueschel, 1990).

. The 0O-a-D-galactopyranosyl-(1->2)-glycerol, which is also
called floridoside, was discovered in Rhodophyta by Colin and
Guéguen in 1930. Later, Linberg (1955) and Wickberg (1958)
described an isomeric form of floridoside, comprising the D- and
L- glycerol derivates of O-a-D-galactopyranosyl-(l->1)-glycerol,
which has been termed isofloridoside (Fig. 1A). Bean and Hassid
(1955) suggested that floridoside was formed during photosynthesis
by a condensation of UDP-galactose and a-glycerol-P to give
galactosyl-glycerol-P which was subsequently hydrolyzed to
galactosyl-glycerol. The biosynthesis of isofloridoside is
unknown; according to Craigie (1974), it was consistently rather
weakly l4C-labelled during photosynthesis.

Floridoside and isofloridoside were shown to be the major
alcohol-soluble, low molecular-weight carbohydrates in Porphyra
(Craigie et al., 1968; Reed et al., 1980) and in all members of

the Rhodophyta except Ceramiales (Majak et al., 1966; Bidwell,



A.
CH20H CH20H
H2COH
HO ’ HO |
H2COH HCOH
OH | OH |
o - COH o _ CH2
- {
OH | OH
H2COH
Floridoside Isofloridoside
B.
CH20CH:s CHz0H
HO (o] 0 HO (o] (o]
o) CH20S0» o) CH:2 HO
° H H ° H 0
Porphyran

Figure 1. Chemical structure of floridosides (A) and porphyrah

(B) .



1958) . In some Porphyra species, the amounts of floridoside and
isofloridoside vary from 0.8 to 6.1% and 2.5 to 10.8%,
respectively (McLachlan et al., 1972). The absolute amounts of
these carbohydrates were shown to vary with the level of salinity
(for P. purpurea, see Reed and Collins 1980; for P. umbilicalis,
see Wincke and Lauchli, 1981).

| Porphyran is another carbohydrate found in red algae,
particularly in Porphyra. Basically, porphyran is an agarose which
is highly substituted by 6-O-sulfation of the L-galactose units

and 6-O-methylation of the D-galactose units (Peat et al., 1961).

Its linear structure consists of 1,3-linked B-D-galactosyl and

1,4-linked a-L-galactosyl units in alternating sequence (Fig. 1B).

The regularity of this repeating arrangement is masked by the
partial occurrence of the D-galactosyl units as the 6-0O methyl
ether, and the occurrence of the L-galactosyl unit as both the 6-
sulfate and the 3,6-anhydride. Thus, porphyran consists of four
types of sugar units, namely D-galactose, L-galactose, 6-O-methyl-
D-galactose, and 3, 6-anhydro-L-galactose, together with ester
sulfate. The proportions and linkage of the components are
strictly regulated : 1. all the L-galactose units are sulfated at
position 6, this accounts for nearly all the ester sulfate in the
polysaccharide; 2. the sum of the proportion of L-galactose 6-
sulfate and 3, 6-anhydro-L-galactose is always equal to the sum of
D-galactose and 6-O-methyl-D- galactose units; 3. the D-galactose
and 6-O-methyl-D-galactose derivatives are each linked through

position 3; and 4. the L-galactose 6-sulfate and 3, 6-anhydro-L-



r-w«wmwr««-vvﬁﬂ«:‘« »*..,A_

galactose are each linked through position 4 (Anderson and Rees,
1965) . The existence of unsubstituted agarose has also been
detected chemically (Turvey and Williams, 1964; Anderson and Rees,
1965) and enzymatically (Turvey and Christison, 1967; Duckworth

and Turvey, 1969a; Duckworth and Turvey, 1969b).
Amino acids

The pattern of free and proteinaceous amino acids of Porphyra
is roughly similar to that found in vegetables (that is, rich in
alapine, aspartic acid, glutamic acid and glycine, see Noda, et
al., 1981). Amano and Noda (1990) reported that protein content of
Porphyra was higher than that of soybean. The total protein
content of commercially grown Porphyra spp. ranges from 30%-50%
(Mumford and Miura, 1988). Generally, the higher the grade of
Porphyra the greater its content of protein. Fujiwara-Arasaki et
al. (1984) found that the value of essential amino acids,
arginine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan, and valine (E:T value, mg of
essential amino acid per g protein-N) in some Porphyra spp. ranged
from 2,326 to 3,206. Similar results were also found by Arasaki
and Arasaki (1983). These values are about the same as those for
whole eggs (3040). The characteristic hoshi-nori taste is
contributed by its amino acids (Nisizawa et al., 1987). Moreover,
the relatively high content of taurine, one of the unusual amino

acids, is known to be effective for liver activity (prevents the
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formation of gallstones) and for controlling blood cholesterol

levels (Tsuji, et al., 1981, 1983).
Lipids

Algae contain relatively small amounts of lipid, so that they
are not utilized as a source of lipid or fatty acids. Instead they
are used as a source of specific fatty acids (Wood, 1974). Fatty
acids of particular interest in this study, eicosapentaenoic acid
and palmitic acid, play an important role in biological membranes
as pajor components of phospholipids and glycolipids. They also
act as fuel molecules, which can be stored and/or mobilized as
needed.

The fatty acid composition of Rhodophyta is distinctly
different from that of higher plants in having polyunsaturated
fatty acids of 20 carbon atoms and the saturated 16 carbon atoms
as major components (Jamieson and Reid, 1972; Pohl and Zurheide,
1979; Khotimchenko and Svetashev, 1987; Khotimchenko and
Vaskovsky, 1990). Several other studies, especially on Porphyra
spp., support this finding (e.g., Porphyra yezoensis, Araki et
al., 1986, Kayama et al., 1983; P. tenera, Sato, 1971; Porphyra
sp., Johns et al., 1979).

The importance of polyunsaturated C20 fatty acids in algae
has been related to the fluidity change of biological membranes
since this fatty acid is a major constituent of membrane lipids
(Aro and Karunen, 1979), and}also to antibacterial activity which

is important in protection of algae from microbial attack,
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especially after wave damage (Findlay and Patil, 1986). The
utilization of the C20 fatty acid has been documented in the
growth of oyster larvae (Langdon and Walcock, 1981; Chu and Webb,
1984; Wikfors et al., 1984; Enright et al., 1986); queen conch,
Strombus gigas, larvae (Pillsbury, 1985); and baramundi, Lates

calcarifer, fingerlings (Rimmer et al., 1988). Moreover, Dyerberg

et al. (1978) reported that C20 fatty acids have a therapeutic
value for preventing atherosclerosis and serve as precursors for a

powerful human hormone, prostaglandin (Bindra and Bindra, 1977).

Nutrients

The biochemical composition of marine algae is regulated to

some extent by nutrient availability in the medium (DeBoer, 1981),

primarily nitrogen content in the coastal waters in summer (Lobban

et al., 1985). Seawater nutrients in general are classified as

essential or non-essential nutrients, and several criteria have
been proposed to differentiate these two classes. Arnon (1953)
suggested that an element was to be considered essential if algal
growth ceased if the element was not provided and if optimal or
near optimal growth was restored if the element was supplied.
O'Kelley (1974) proposed that an element was essential if it could
be demonstrated by in vitro experiments that the element had a
non-replaceable role in a fundamental life process.

Among the essential nutrients, several studies have
recognized the importance of nitrogen (Ryther and Dunstan, 1971;

Topinka and Robbins, 1976; DeBoer and Ryther, 1977; Jackson, 1977;
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Hanisak, 1979) and phosphorus as constituents of many
biomolecules, in growth regulation, and in energy transfer (Kuhl,
1974; Lobban et al., 1985). Nitrogen is available in seawater in
forms of nitrate, nitrite, ammonium, or in the organic forms. In
one study, P. perforata was shown to have preferential uptake of
ammonium over other nitrogen ions (Thomas and Harrison, 1985),
which might be because other ions have to be reduced by algae
before further metabolism can take place (Kain and Norton, 1990).
Seasonal changes in the seawater nutrient availability have
been found to affect the tissue nutrient level of red algae,
Chondrus crispus (Asare and Harlin, 1983), Gracilaria foliifera
(Rosenberg and Ramus, 1982), and brown alga, Macrocystis
integrifolia (Wheeler and Srivastava, 1984). Some algae, Valonia
and Halicystis (Jacques and Osterhout, 1938), Laminaria
longicruris (Chapman and Craigie, 1977), and L. saccharina
(Chapman et al., 1978), were shown to accumulate nitrate in their

tissue at much higher concentration than in seawater.



II. MATERIALS AND METHODS

SAMPLING

Porphyra

Samples of Porphyra spp. were collected monthly, January to

May in 1991 and 1992. The species and locations where they were

collected are shown in the following Table 1 and Figure 2.

Table 1: Porphyra Species and Collection Sites.

Species Location
| P. fallax Wreck Beach (123°14'w, 49°17'N)
P. pseudolanceolata Whiffin Spit (123°49'w, 48°22'N)
E P. torta Whiffin Spit
i P. perforata Whiffin Spit
% P. mumfordii Orlebar Point (123049‘W, 49017'N)
P. torta Orlebar Point
P, perforata Orlebar Point

Collections were scheduled for a time when the tide was at
minimum level. The samples from Whiffin Spit were collected at
E about 11.00 to 12.00 AM, whereas those from Orlebar Pt. and Wreck

Beach at 2.00 to 3.00 PM.

11
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British Columbia

Wreck Beach

Figure 2. Map showing the collection sites of Porphyra spp.
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Adhering materials were removed from samples by rinsing with
filtered seawater and the samples were frozen in liquid nitrogen
(LN2) . Fresh weight of tissue was determined after draining
seawater from the samples using a fishnet. Then the samples were
freeze-dried, ground to a powder, and stored in bottles covered by

aluminium foil until analyzed.
Seawater

Seawater samples were collected from the three collection
sitgs and stored in polyethylene bottles that had been rinsed
twice with sample water before filling. The samples were filtered

(0.22 pum, diameter) with suction and frozen until analyzed.

ANALYTICAL PROCEDURES

Seawater analysis

3-

+ ,
4 and NH concentrations

Determination of NO3_, NOZ—, PO 4
in seawater samples were carried out using a Technicon II auto
analyzer at the University of British Columbia (courtesy Dr. P. J.
Harrison).

The following chemical analyses were performed on the various

samples of Porphyra spp. All analyses were done in duplicate.
Ash

Samples of freeze-dried powder were put in a porcelain

Ccrucible, weighed, and then burned at 400°C for 12 h in an
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electric furnace. After cooling in a desiccator, the samples were

reweighed (Larsen, 1978).
Total C and N analyses

Total carbon and nitrogen analyses in the tissue were done

using Carlo Erba Strumentazione Elemental Analyzer-Model 1106.
Analyses of nutrients in plant tissue

Freeze-dried samples (0.5 g) were extracted with hot 80% EtOH
for.l h three times. The residue was rinsed with absolute EtOH.
The combined extract was evaporated to dryness in a vacuum
evaporator. Lipids in the extract were removed by partitioning
against chloroform. The water phase was diluted to 250 mL as
sample for analysis. Nutrient analyses were carried out as for

seawater using the Technicon II auto analyzer.
Lipids

In this analysis, the concentrations of total lipids and of
the major fatty acids in Porphyra spp., palmitic acid and

eicosapentaencic acids, were determined.
Extraction

Extraction of lipids was done following the methodology of
Kates (1986). Methanol-chloroform (2:1, 6 mL) was added to 1 g of
sample and the solution was homogenized. The homogenate was

filtered with suction, and the residue was reblended with a
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mixture of methanol-chloroform-water (2:1:0.8, 7.6 mL). The
homogenate was filtered and the residue was washed with 3 mL of
methanol-chloroform (2:1). To the first homogenate an internal
standard, pentadecaenoic acid, was added.

The combined filtrate was transferred to a separatory funnel, and
chloroform (5 mL) and water (5.8 mL) were added. The phases were
allowed to separate. The chloroform layer was withdrawn and
concentrated in vacuo. For fatty acid analysis, the residual
lipids were immediately methylated (Morrison and Smith, 1964) by
adding 1 mL of 14% boron trifluoride in methanol, put in a capped
bottle and heated in a boiling water bath for 30 min. The
methylated sample was collected by partition in pentane:water
(2:1) . The pentane layer was dried by suction with nitrogen gas.
The concentrate was diluted with ethyl acetate for injection in a

gas liquid chromatograph (GLC).
Determination

Total lipids were determined by using the gravimetric method.
The concentrated extract was weighed and calculated as a
percentage of sample in dry weight. Fatty acid determination was
carried out on a Hewlett Packard 5790A gas chromatograph, equipped
with flame ionization detector and connected to a model 3390A
electronic integrator. A fused silica capillary column (SE-30, 30m

X 0.2mm) was employed, with helium as carrier gas.
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Amino acids

Extraction of free amino acids

The freeze-dried powdered sample (1.0 g) was extracted with
80% aqueous ethanol (3x, 5 mL each) and the extract centrifuged.
The supernatant was pooled, concentrated in wvacuo, dissolved in
0.1 N HC1 and filtered prior to determination using an HPLC

(Rosell and Srivastava, 1985).
Extraction of total amino acids

The powdered sample was vacuum hydrolyzed with 6 N HCl in a
hydrolysis tube at 110°C for 23 h. After hydrolysis, the residue
was rinsed with 80% aqueous ethanol, concentrated to dryness in a
rotary evaporator, then dissolved in 0.1 N HCl, and filtered for

determination.
Determination of amino acids

Free amino acids as well as total amino acids were analyzed
with the PICO-TAG method on a WATERS high performance liquid

chromatograph (HPLC) system.
Porphyran

Extraction of porphyran was carried out using the method of
Nishide et al. (1988). The sample was treated with 3.7 %

formaldehyde solution in a flask closed with a stopper at 30°¢ for
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24 h. Distilled water (2x volume) was added and the suspensioﬁ was
heated at 100°C with stirring for 12 h. The extract was cooled to
room temperature and filtered. The clarified filtrate was dialyzed
against running tap water for 24 h, and evaporated to 1/4 of its
original volume under reduced pressure. Ethanol (4x volume) was
added at room temperature. The gelatinous precipitate was
collected by centrifugation, washed with ethanol and acetone, and
dried at 30°C for 12 h. Then the dried porphyran extract was
weighed, and the percentage of porphyran in the dry weight was

calculated.

Floridosides

Extraction

Extraction of floridosides was performed following the
methodology of Meng et al. (1987). Each sample (1 g) was extracted
with 80% ethanol three times. Mannitol was added as an internal
standard.

The extract was evaporated to dryness in a rotary evaporator.
Pigments and lipids were removed by partition with chloroform and
water. The water phase was desalted by passing through columns of
cation/anion ion exchange resin and collected in a 250 mL
evaporation flask. The neutral fraction was evaporated, then

dissolved in water. The floridosides were methylated using TRI-SIL



18

"z" (50 UL per sample) for 0.5 h at 70°C for determination using a

gas liquid chromatograph (GLC).
Determination

Determination of floridosides was carried out on a Hewlett
Packard 5790A gas chromatograph, as above. A fused silica
capillary column (SE-30, 30m x 0.2mm) and isothermal program at

190°C were employed, with helium as carrier gas.

STATISTICAL ANALYSES

-

Analysis of variance was done for chemical constituents of
Porphyra by using the general linear procedure model. As a model

1, interactions between factors was not included:

Yisk = U+ Oi + B3 + Yk + €i3k
where:
Yijk= the chemical concentration in year i, month j, for
species k.
R = the mean of chemical concentration in population.

O

the average effect of different conditions between 1991
and 1992.

Bj

the average effect of different conditions among

collection months.

Xk = the average effect of different characteristics among

species.
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€ijk= the residual effect of year, month, and species
(level ijkl).

In addition to the above model, two other general linear
models, one including factors for interaction of year and species
(model 2), and the other including factors for the interaction of
month and species (model 3), were also used to identify species
that showed significant differences between years and among
monthly collections, respectively.

A further analysis, i. e. least squares means, was applied to
determine the difference of chemical contents between years, among
monthly collections, and among species.

For determination of significance, a probability of 0.05 was
used as a critical significant value in both, anova and least

square means analyses.



III. RESULTS

COLLECTION SITES

The three collection sites, Orlebar Pt., Whiffin Spit, and
Wreck Beach, are moderately exposed areas. Comparing their
ecological conditions, the sites show some differences. As
illustrated in Figure 3, Orlebar Pt., a rocky shore, is a
substratum ideal for Porphyra spp. Whiffin Spit has a flat terrain
with a few big rocks where P. torta and P. pseudolanceolata grow,
and small rocks where P. perfbrata was found growing. Wreck Beach,
a sandy shore, is slightly sloped with rocks where P. fallax
attaches over a relatively wide range between mid and high levels
(see Fig. 3).

On any particular date of collection, the air temperatures at
the three sites were identical or very close, as shown in Table 2.
However, generally lower temperatures were noted for 1991 than for
1992, although the pattern of temperature increase from January to

May was similar in both years.

Table 2. Air Temperature at the Time of Collections for the Sites.

Collection Sites Air Temperature (OcC)
Jan Feb Mar Apr May
Orlebar Pt. [1991 4.0 6.0 9.0 12.0 14.0
1992 8.0 8.0 12.0 13.0 17.0
Whiffin Spit |1991 4.5 6.0 9.0 12.0 12.0
1992 8.0 8.5 12.0 13.0 19.0
Wreck Beach 1991 5.0 6.0 8.5 12.0 14.0
1992 8.0 7.5 11.0 13.0 18.0

20
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Figure 3. Porphyra spp. position relative to tide level
at the time of January 1991 and 1992

collections.
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Concerning their tide level, the three collection sites
showed similar patterns (see Appendix I). Orlebar Pt. and Wreck
Beach had a similar range of tide levels, whereas Whiffin Spit had
a relatively smaller range than the other two sites. Despite the
quantitative differences shown in Appendix I, the position of
Porphyra growing at the sites relative to the tide level was
similar for a particular species. For example, Figure 3 shows the
tide levels at the collection sites when January samples were
collected in both 1991 and 1992. As the season progressed, it was
notea that there was a shift in the time of day when the minimum
tide levels were reached. Consequently, Porphyra thalli

experienced a longer periods of emergence during the day, while at

the same time day-time air temperature also increased (Table 2).
OCCURRENCE OF PORPHYRA

In the present study, the samples of Porphyra were taken from
the foliose haploid phase. All grew on rocky substrata. At Orlebar
Pt., P. torta and P. mumfordii grew at almost the same intertidal
level, so that at some spots they grew side by side, whereas P.
perforata grew at a lower level together with the brown alga,
Fucus gardneri. A similar pattern of distribution was also found
at Whiffin Spit, in which P. torta and P. pseudolanceolata grew at
almost the same intertidal level, or the latter a little bit

lower, and P. perforata grew at a much lower level than the
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previous two. At the third site, Wreck Beach, P. fallax grew over
a relatively wide range in the upper-mid intertidal.

The collections showed that not all species of Porphyra had
the same period of growth between the two collection years. As
summarized in Figure 4, P. perforata from Orlebar Pt., at Whiffin
Spit (1992 only), P. fallax at Wreck Beach, and P.
pseudolanceolata from Whiffin Spit (1991 only) were found from
January until May. However, P. perforata at Whiffin Spit 1991
appeéfed from April and P. pseudolanceolata at Whiffin Spit 1992
was found only until April. P. torta was found from January to
April at both collection sites, Orlebar Pt. and Whiffin Spit, in
both years. P. mumfordii showed the shortest period of growth. In
1991, P. mumfordii was found from January to March, but in 1992 it
appeared only until February. P. perforata and P. fallax, which
occurred until at least May, occurred somewhat lower on the shore
than the other species, which were relatively more exposed to air,

especially after March, and dry for prolonged periods.
SEAWATER NUTRIENTS

Nutrient status of the sites is presented in Figures 5 and 6.
It was noted that there were some variations in individual
nutrient concentrations among the sites, but all sites showed

similar composition and seasonal changes.
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Species
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Month

Figure 4. Seasonal occurrence of Porphyra spp. at the collection

sites.
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Nitrate concentration in the seawater decreased markedly from
January to May at all sites. In 1991, the nitrate concentration
decreased from 29.9 to 2.6 uM, 33.3 to 2.5 puM and 40.0 to 8.7 uM
at Orlebar Pt., Whiffin Spit and Wreck Beach, respectively (Fig.
5). In 1992, it decreased from 17.6 to 0.3 uM, 21.4 to 1.5 UM and
18.0 to 1.6 UM in Orlebar Pt., Whiffin Spit and Wreck Beach,
respectively. In some cases, the decrease did not show a smooth
pattern, e.g. Orlebar Pt. for both 1991 and 1992, and Wreck Beach,
1991, with slight increases in March or April over the previous
month.

Ammonium did not show a clear seasonal pattern. In 1991, the
ammonium concentration ranged between 0.6 to 1.5 uM, 0.0
(undetectable) to 2.9 UM and 1.9 to 3.3 UM at Orlebar Pt., Whiffin
Spit and Wreck Beach, respectively (Fig. 5). In 1992, it ranged
from 0.4 to 1.1 uM, 1.4 to 3.7 uM and 1.7 to 5.0 UM at Orlebar
Pt., Whiffin Spit and Wreck Beach, respectively. In some
instances, it showed an obvious increase pattern from January to
April (1992 data for Whiffin Spit and Wreck Beach).

Nitrite concentrations ranged between 0.0 (undetectable) to
0.2 uM, 0.1 to 0.3 pM and 0.0 to 0.4 UM at Orlebar Pt., Whiffin
Spit and Wreck Beach, respectively, in 1991 (Fig. 6). In 1992,
nitrite concentrations ranged from 0.0 to 0.1 uM, 0.0 to 0.3 uM
and 0.0 to 0.3 uM at Orlebar Pt., Whiffin Spit and Wreck Beach,
respectively. The phosphate conqentrations ranged from 1.2 to 2.6

uM, 0.0 to 3.6 UM and 1.2 to 3.8 UM at Orlebar Pt., Whiffin Spit
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and Wreck Beach, respectively, in 1991 (Fig. 6). In 1992,
phosphate concentrations ranged from 0.1 to 2.2 UM, 0.8 to 1.9 uM
and 0.2 to 1.3 UM at Orlebar Pt., Whiffin Spit and Wreck Beach,
respectively. Nitrite concentrations did not show a clear seasonal
patterns, whereas Phosphate showed a decreasing pattern from

January through May (Fig. 6).
PORPHYRA SAMPLES AVAILABLE FOR CHEMICAL ANALYSES

Due to problems with the freeze drier, Porphyra collections
in April 1991 for all sites and for January 1991 for Orlebar Pt.
were lost and were not available for chemical analyses. For 1992,
however, all monthly collections were available. For
interpretation of seasonal trends, therefore, a greater reliance

was placed on data from 1992.
STATISTICAL ANALYSES

Because of the nature of the data, in which species showed
variations in availability among month of collections, comparison
of the chemical contents among species was based on the analysis
of variance model 1, i. e. without factor interactions, whereas
those between year of collections was based on the model 2, i. e.
with interaction of year-species to enable identifying species
that showed significant differences between years.

Monthly variations among species could not be determined

since analysis of variance model 3, i. e. with factor interaction
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of month-species, failed to analyze the data which showed a high
variations in availability among species. Therefore, in order to
determine significant fluctuations of chemical content among

months, analysis of variance model 1 was used (Appendix II).
DRY WEIGHT

The average dry weight of different species of Porphyra was
about 20% of fresh weight. In 1991, it varied from 19.1% for P.
torta at Whiffin Spit to 21.8% for P. mumfordii, whereas in 1992
it ggnged from 20.1% for P. pseudolanceolata to 23.8% for P. torta
at Orlebar Pt. (Fig. 7). P. torta at both Orlebar Pt. and Whiffin
Spit showed significant differences in dry weight between years
(Fig. 7). Among species (Fig. 8), P. pseudolanceolata was
significantly lower in dry weight than all other species, except
P. fallax. As shown in Figure 9, there was no clear pattern of
changes in dry weight from month to month. The analysis of

variance result, however, showed that there were significant

differences between some of the months (Appendix II).
ASH

The average ash content of Porphyra spp., expressed as % dry
weight (dw), ranged from 12.0% for P. perforata at Orlebar Pt. to
18.7% for P. fallax for the 1991 samples, and from 13.4% for P.
torta at Whiffin Spit to 16.5% for P. fallax for the 1992 samples

(Fig. 10). Figure 10 also shows that there is no significant
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difference in ash content observed between year of collection in
any species at a particular site. There were no significant
differences among the species in ash content, except for P.
fallax, which showed a significantly higher value (Fig. 11).
Through the season, the values were significantly higher only in
January (e. g. P. fallax); no differences were observed among the

other months (Fig. 11, Appendix II).
TOTAL CARBON AND NITROGEN

Total tissue carbon, as percent of dry weight, varied little
over the growing period. As presented in Figure 13, the value for
total carbon ranged from 35.2% to 42.7% and 34.9% to 38.9% for P.
torta at Orlebar Pt. and Whiffin Spit, 34.2% to 37.6% and 36.3% to
39.5% for P. perforata at Orlebar Pt. and Whiffin Spit, 34.7% to
38.0% for P. pseudolanceolata, 37.0% to 40.2% for P. mumfordii,
34.3% to 37.7% for P. fallax. There were no noticeable patterns of
seasonal changes in total carbon, although the 1992 samples of P.
perforata and P. torta from Orlebar Pt. showed some monthly
fluctuations.

Total nitrogen, unlike total carbon, showed a distinct
seasonal trend. The total nitrogen concentration varied from 3.6%
to 5.3% and 3.9% to 4.4% (dw) for P. torta at Orlebar Pt. and
Whiffin Spit, 3.1% to 4.5% and 4.1% to 5.4% (dw) for P. perforata
at Orlebar Pt. and Whiffin Spit, 3.6% to 5.2% (dw) for P.

pseudolanceolata, 4.6% to 5.5% (dw) for P. mumfordii, 3.1% to 5.7%
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(dw) for P. fallax (Fig. 14). In most instances there was a
general décline in total nitrogen value as the season progressed
from January through May.

As expected from the above data, the C/N ratio showed a
gradual increase from January to May (as an example, the ratio for

1992 is plotted in Fig. 15).
TISSUE INORGANIC NUTRIENTS

Nitrate concentration of tissue samples showed the highest
valués in January or a gradual increase and then decrease through
the season (Fig. 16). The magnitude of change in nitrate
concentration in some cases was quite high. For example, nitrate
concentration in P. torta at Orlebar Pt. 1991, P. perforata at
Whiffin Spit 1992 and P. fallax 1992 showed changes from 15.31 to
4.56 pumol. g~ dw, 14.98 to 0.95 pmol. g * dw, and 10.69 to 0.56
umol. g~ 1 dw, respectively.

The seasonal variations in tissue nitrite content showed
different trends between the two years. The available 1991 samples
(Fig. 17) showed a sharp decreasing pattern, except for P.
mumfordii, which showed an increase. The 1992 samples, on the
other hand, showed no significant pattern of change from January
through May.

Tissue ammonium showed an increase in the early season,

followed by a decrease in 1991 (Fig. 18). In the 1992 samples,
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however, there did not seem to be any specific pattern of increase
or decrease.

Phosphate concentration in the tissue was found to be lower
in 1992 than in 1991 (Fig. 19). Figure 19 also shows that tissue

phosphate did not follow a clear pattern of seasonal changes.
TOTAL LIPIDS AND FATTY ACIDS

The yearly average concentration of total lipids (some
scientists use the term crude lipids) was marked by a considerable
seaséhal fluctuation in values as shown by the high standard
deviations (Fig. 20). P. torta showed high values, more than 0.8%
dry weight at Orlebar Pt. both in 1991 and 1992, and at Whiffin
Spit in 1991. However, at Whiffin Spit in 1992, the total lipids
in this species amounted to an average of only 0.4% dry weight.
The difference between the two collection years, however, was not
significant (Appendix II).

There were no significant differences in total lipid content
of Porphyra under study, except for P. torta at Orlebar Pt., which
had a significantly higher value than P. perforata at the same
site (Fig. 21).

Eicosapentaenoic acid, a polyunsaturated fatty acid, showed
relatively high variations in monthly concentrations (as evidenced
by the magnitude of the standard deviations in Fig. 22). Only P.
pseudolanceolata showed a significant difference in

eicosapentaenoic acid content between the two collection years



1.8

1.5 —

1.2+

0.9 <

0.6 -

Concentration (umol. g-1 dw)

0.3 -

Orlebar Pt.

| e

0.0 -
Jan Feb Mar Apr May
Month
1.8
Wreck Beach
15+
2
=]
S 124
—g
~ 0.9
s
L
®
|
E 06~
8
=
S
0.3 — X
0.0 N g')'(———)l(

Jan Feb
Month

Whiffin Spit
o
Jan Feb Mar Apr May

Month

P. mumfordii 1991 @ ——@r—— 1992
P. perforata 1991 i emmmfimm 1992
P. 1071a 1991 ool Frreoen e pmmem 1992

P. pseudolanceolata 1991 } }

1992

P. fallax 199] wweossferoroooon. e 1992

Figure 19. Changes in tissue phosphate of Porphyra spp. collected

January to May, 1991 and 1992, at the three collection

sites.

45



46

1991 ﬂ
T |

1.5 -
—
-
-
-
b
]
o
.
g 1.0 -
”
<
S
.
’ 1
td
s
SN
7’ r .7
SN
4 r. 7
SN
s r 2
SN
4 ’,
4, F\’\
4, ’\’\
SN
4 r 7
s r\/\
SN
' '\’\
‘ F\I\
s r 7
4 r\/\
, ’\’\
WY

Whiffin Spit Orlebar Pt. Wreck Beach

Collection Sites

=1lP. torta @P perforata @P pseudolanceolata @P mumfordii B r. fallax

Figure 20. Total lipid content in Porphyra spp. at the three sites.
The values shown are averages of all collections in one
year with their standard deviations (P. perforata from
Whiffin Spit, 1991 has no standard deviation). Bars witt
an asterisk (*) indicate significant differences between

the two years (p £ 0.05).




47

N

F TP T PT TP I T F
AT AT AT AN
NN AN N NN NN NN NN NN,
WA AT
AR = AN N NN,
WA LYY NN N NN R NN
Y.

\\\\\\\\\\\\*

0.75 =

13m Lip o

Wreck Beach

Orlebar Pt.

Whiffin Spit

ion Sites

Collect

B P. fallax

E2AP. mumfordii

P. pseudolanceolata

ElP.wora [ P.perforata

id content in Porphyra spp. both 1991

ipi

Figure 21. Average total 1

The bars shown are least

and 1992 at the three sites.

square mean values of all collections. Bars with the

same letter are not significantly different (p > 0.05).



1.5
T 1991 m
-
3
-
|
[ ]
1.0 ~
-T4]
L]
Eo
N’
= -
e J i
- -
E M oo
L \l\l s
LN - »
[~ 7 7 Y 5 L
. N ~ »
Sk A K
'>) A - BN
= A o~ BRSO
o) 0.5 + L EEN YD
U e . AN
R - AL
A /\:f LeCCrn
. T K .
V7 S0
7 s Vs N .
A : i ) =
o N I
v s T N
A - . WA -
LN K - . AYANAN -
- » YA N -
LRt . RO - -
v s P N -
LN ] AN - -
A : N -
ISENE - . AN - -
PPN - X A
\/\/ L \,\,\ ]
i R B R |
0.0 , ,
Whiffin Spit Orlebar Pt. Wreck Beach

Collection Sites

P.torta P. perforata P. pseudolanceolata m P. mumfordii E P. fallax

Figure 22. Eicosapentaenoic acid content in Porphyra spp. at
the three sites. The values shown are averages of
all collections in one year with their standard
deviations. (P. perforata from Whiffin Spit, 1991
has no standard deviation). Bars with an asterisk
(*) indicate significant differences between the

two years (p £ 0.05).



49

(Fig. 22). Among species, P. perforata at Whiffin Spit showed a
significantly higher concentration of this fatty acid than any of
the other species (Fig. 23).

The average concentrations of palmitic acid ranged from 0.43
mg. g_l (dw) for P. torta at Whiffin Spit in 1992 to 0.92 mg. gt
(dw) for P. mumfordii in 1991 (Fig. 24). The 1991 samples of P.
pseudolanceolata, and P. perforata and P. mumfordii at Orlebar Pt.
showed a lower content of palmitic acid than the 1992 samples
(Fig. 24). Palmitic acid content showed some variations among the
species. P. torta at Whiffin Spit showed a significantly lower
palmitic acid content than all other species (Fig. 25).

Considering the pattern of seasonal changes, total lipids
showed irregular fluctuations and varied among species (Fig. 26).
Some species showed an increase, followed by a decrease (e. g. P.
perforata at Whiffin Spit and P. fallax); others showed a sharp
decrease preceding the previous pattern (e. g., P. torta and P.
pseudolanceolata at Whiffin Spit, and P. torta and P. perforata at
Orlebar Pt.). The monthly changes in eicosapentaenoic acid and
palmitic acid contents showed similar patterns (Figs. 27 and 28).
As shown in appendix II, Eicosapentaenoic acid showed a gradual
increase from January to March, which was statistically
significant, and then a significant decrease afterward. Similarly,
palmitic acid showed a significantly higher values in February and

March than the other months.
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AMINO ACIDS

The yearly average of total amino acid content of P perforata
at Whiffin Spit , P. mumfordii, and P. fallax showed significantly
higher concentrations in 1992 than 1991 (Fig. 29). Among the
species, total amino acid content of P. perforata at Whiffin Spit
was significantly higher than that of the same species at Orlebar
Pt. and of P. fallax (Fig. 30).

The free amino acids in Porphyra accounted for about 5% to
10%‘of the total amino acids. Their average values ranged from
0.5% dw (P. perforata, Orlebar Pt., 1991) to 4.1% dw (P. fallax,
Wreck Beach, 1992, Fig. 31). It was also noted that the free amino
acid content of the 1992 samples of P. pseudolanceolata and P.
fallax were higher than those for 1991. Among species, only P.
perforata at Orlebar Pt. showed significantly lower free amino
acid content than that of P. fallax (Fig. 32).

Seasonal variations in total amino acids showed a gradual
decrease from January to May or an increase followed by a decrease
(Fig. 33). The only exceptions to these patterns were the 1991
collections of P. perforata at Orlebar Pt. and P. pseudqlanceolata
at Whiffin Spit, which showed high values in May. Statistically,
however, the monthly fluctuations were not significant (Appendix
I11).

The seasonal changes in free amino acids showed a pattern

similar to that of total amino acids, either a gradual decrease or
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a slight increase followed by a gradual decrease and statistically
were not significant (Fig. 34, Appendix II).

The total amino acid composition of Porphyra spp. was
dominated by methionine, alanine, and tyrosine in 1991 samples;
however, in 1992 samples, alanine, arginine, and glutamic acid
were the dominant amino acids (Figs. 35 and 36). Slightly
different from the composition of total amino acids, the free
amino acid composition in both years was dominated by alanine,

threonine, glutamic acid (Figs. 37 and 38).

-

PORPHYRAN

The average porphyran concentration ranged from 15.3% (P.
pseudolanceolata, 1991) to 45.8%, dw (P. torta, Orlebar Pt., 1992,
Fig. 39). The 1992 samples of P. pseudolanceolata, and of P. torta
and P. mumfordii at Orlebar Pt. had significantly higher porphyran
contents than those of 1991 (Fig. 39). P. perforata and P. torta
at Orlebar Pt. appeared to have a higher content of porphyran than
the same species at Whiffin Spit, relative to other samples (Fig.
40) , but they were not significantly different.

Porphyran content did not show any clear pattern of seasonal
change (Figs. 41). In general, the porphyran content showed
irregular fluctuations, decreasing and increasing with no defined
pattern. The only significant increase in porphyran content was

observed from January to February (Appendix II).
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FLORIDOSIDES

All samples had a higher content of isofloridoside than
floridoside (Figs. 42 and 44). The average concentration of
isofloridoside varied between 1.6% (dw) for P. torta at Whiffin
Spit (1991) to 5.0% (dw) for P. perforata at Orlebar Pt. (1992),
and the'isofloridoside content of P. perforata at Orlebar Pt. was
significantly higher than in 1991 (Fig. 42). In contrast, average
concentration of floridoside varied from 0.83% (dw) for P. torta
at Whiffin Spit (1991) to 3.05% (dw) for P. fallax (1992), and no
significant differences were observed in floridoside content
between collection years (Fig. 44).

Isofloridoside content did not show any significant
differences among species (Fig. 43). In contrast, floridoside of
P, fallax was significantly higher than that of all but P.
perforata and P. pseudolanceolata at Whiffin Spit (Fig. 45).

Among the months of collection, slightly different
fluctuations were observed, but in general they showed a pattern
of increase until February or March followed by a decrease to May.
For both isofloridoside and floridoside, a significant increase

were evident from February to March (Figs. 46 and 47, Appendix

II).
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IV. DISCUSSION

OCCURRENCE OF PORPHYRA

The vertical distribution of Porphyra spp. in this study was
in agreement with that given by Conway et al. (1975), Conway and
Cole (1977), and Lindstrom and Cole (1992), namely that P. torta,
P. pseudolanceolata, and P. mumfordii are high-intertidal forms,
whereas P. perforata and P. fallax are mid to high intertidal
forms. The variations in vertical distribution among species
refféct the abilities of different species to tolerate unfavorable
environmental conditions (see Kain and Norton, 1990). As high or
mid-intertidal forms, the Porphyra spp. under study here
experience varying degrees of exposure to air and attendant
desiccation.

These species also showed variations in year to year
occurrence. These variations in occurrence could be due to
differences in environmental conditions in 1991 and 1992, where
1992 had a mild winter. As Table 2 shows, the algae were exposed
to higher air temperatures in 1992 than in 1991, which could
result in more stressful conditions when emerged. The reason for
the delay in occurrence of P. perforata until April 1991 at
Whiffin Spit is not known. It could be due to several reasons-
temperature, tide level, or substratum availability for this

species to grow from January through March.
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SEAWATER NUTRIENTS

The seasonal changes in seawater nitrate at the three
collection sites showed a substantial decrease from January,
winter, through May, late spring (Fig. 5), a pattern which is in
agreement with that reported in BC waters (Wheeler and Srivastava,
1984), and other coastal waters of North temperate regions
(Chapman and Craigie, 1977; Jackson, 1977; Buggeln, 1978; Wheeler,
1978; Wheeler and North, 1980).

The seasonal changes in seawater nitrate as well as the other
three nutrients recorded in this study should be taken with

caution since the samples were only collected monthly.

TOTAL CARBON AND NITROGEN

The irregular fluctuations in total tissue carbon observed in
this study (Fig. 13) were also reported in brown algae Macrocystis
integrifolia and Nereocystis luetkeana from Bamfield, BC (Rosell
and Srivastava, 1985).

The high concentration of tissue nitrogen in winter and
decrease through spring and early summer observed in this study
(Fig. 14) coincided with the changes in seawater nutrients,
especially nitrate. These results suggested that the species under
study accumulated nitrogen reserves in winter, when relatively
high concentrations of nitrogen are present in seawater, and then
utilized the reserves to support growth when the supplies of the

nutrients in the water become depleted. This phenomenon has been
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also noted for many macrophytes (e. g., P. yezoensis, Noda, 1971;
Ji , et al., 1981; Gracilaria sp., Penniman and Mathieson, 1987;
and several brown algae, Asare and Harlin, 1983; Rosell and
Srivastava, 1985).

The seasonal changes in C/N (by atom) values reported here
(Fig. 15) were due more to a decline in total nitrogen than an
increase in total carbon as has also been found in brown algae

(Probyn and Chapman, 1983; Rosell and Srivastava, 1985).

TISSUE INORGANIC NUTRIENTS

While seawater nitrate decreased markedly from the level seen
in January (Fig. 5), the levels of tissue nitrate, at least in
some samples, e. g. P. perforata, Whiffin Spit (1992), showed an
initial increase before decreasing (Fig 16). The delay in decrease
of tissue nitrate suggested that Porphyra species studied are
capable of accumulating nitrogen in the form of nitrate, when
nitrogen concentration in seawater is still high. This
accumulation mechanism was also reported in P. perforata (Thomas
and Harrison, 1985), and other red algae, Gracilaria tikvahiae
(Bird et al., 1982) and Chondrus crispus (Asare and Harlin, 1983).
Some reports have shown the capability of several brown algae to
accumulate nitrate in their tissue in much higher concentration
than in seawater (Chapman and Craigie, 1977; Chapman et al., 1978;
Wheeler and Srivastava, 1984).

The measured tissue inorganic nitrogen content, nitrate,

nitrite, or ammonium, is a function of uptake from seawater,
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interconversion rates between the three forms, and the
incorporation of ammonium into organic nitrogen compounds, such as
amino acids, proteins, nucleic acids, and other nitrogenous
compounds. These activities are probably influenced by
environmental conditions, especially temperature and nutrient
levels in seawater. Therefore, the difference in tissue inorganic
nitrogen content in the two collection years could be due to
interaction of the above factors.

Except for tissue nitrate, the other three tissue nutrients,
nitrite, ammonium, and phosphate did not show a clear pattern of

-

seasonal changes (Figs. 17 to 19).
TOTAL LIPIDS AND FATTY ACIDS

Sato and Murata (1980), Shifrin and Chisholm (1981), and
Tedesco and Duerr (1989) have shown that cellular 1lipid
composition in algae is altered thfough manipulation of
environmental conditions. Among environmental factors, temperature
has been well documented to be positively correlated with the
degree of saturation of fatty acids; as the temperature goes down,
the degree of saturation decreases (Kayama et al., 1985). Tedesco
and Duerr (1989) showed that in the microalga, Spirulina
platensis, nitrogen depletion led to an increase in storage of
nonacyl lipids, but it inhibited the synthesis of polar membrane
lipids, an observation that was confirmed for the macroalga Fucus

vesiculosus (Pohl and Zurheide, 1982).
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Among the lipids in Porphyra spp., eicosapentaencic acid
represents the major constituent of glycolipids (P. yezoensis,
Araki et al., 1986; P. tenera, Sato, 1971). Consequently, this
fatty acid, mainly as a membrane lipid constituent, is expected to
contribute to stabilization of photosynthetic lamellae, e. g.
preventing molecular arrangement and mediating its photochemical
function (see Benson and Shibuya, 1962). In addition to the role
of lipid membranes in stabilizing cell functions (functional-
protective response), Wiltens (1975) reported a physical-
progective function of unsaturated fatty acids vis-a-vis
desiccation.

Therefore, the significant increase in eicosapentaenoic acid
in early season (Fig. 27, Appendix II) suggested the above
functional- and physical-protective responses of Porphyra to the
changes in environmental conditions, especially air temperature
and degree of exposure to air (Table 2, Appendix I), whereas the
decrease afterward could be due to depletion of seawater
nutrients, especially nitrate (Fig. 5).

Biosynthesis of lipids in algae, including Porphyra, is still
a matter of conjecture. The only study on Porphyra, so far, was on
P. yezoensis by Kayama, et al. (1986), who hypothesized that the
C-20 polyunsaturated fatty acids were synthesized from C-16 fatty
acids by chain elongation and desaturation reactions. Whatever the
detailed mechanism of eicosapentaenoic acid or palmitic acid
biosynthesis may be, the results in this study showed that the two

acids had a similar pattern of seasonal change (Figs. 27 and 28).
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AMINO ACIDS

Porphyra sp. is well known as having a relatively high
protein content, and for this reason, is utilized as a nutritious
food. The content of total amino acids was reported to reach as
high as 30% (dw) in P. yezoensis (Ji et al., 1981) and 29% to
35.6% (dw) in P. tenera (Arasakl and Arasaki, 1983). In
comparison, total amino acid content of Porphyra spp.in this study
ranged between 19.22% (dw) for P. fallax, 1991 to 37.78% (dw) for
P. mumfordii, 1992 (Fig. 29). The calculated crude protein of
Porphyra, total N multiplied by 6.25, ranged from 23.71% (dw) for
P. perforata at Orlebar Pt. in 1992 to 33.47% (dw) for P.
mumfordii at Orlebar Pt. in 1992, slightly less than that of P.
yezoensis grown in China (40%, Ji et al., 1981) and Japan (48%,
Noda, 1971).

The significant difference in total amino acid concentration
of P. perforata at Whiffin Spit and P. mumfordii between two
collection years (Fig. 29) could be due to the fact that the 1991
and 1992 values did not come from the same collection periods. The
value of P, perforata for 1991 represents the May collection only,
whereas the 1992 value was an average of January through May
collections. Likewise, the value of P. mumfordii for 1991 was an
average of February and March collections, whereas the 1992 value
was an average of January and February collections.

All species showed lower free amino acids content in 1991

than in 1992, although in only two species were these differences
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significant (Fig. 31). This difference in the free amino acids
between the two years could be due to lower temperatures in 1991
(Table 2). Laycock et al. (1981) reported that in the red alga
Chondrus crispus low temperature stimulated accumulation of
dipeptides. It is possible, therefore, that in the samples of
Porphyra in 1991 less amino acids were in free form. This
possibility is supported by the calculated content of free amino
acids as percent of total amino acids. This value ranged from 2.0%
for P. perforata at Orlebar Pt. to 4.8% for P. torta at Orlebar
Pt. }n 1991, and from 6.5% for P. mumfordii to 14.3% for P. fallax
in 1992.

The seasonal changes in concentrations of total amino acids
as well as free amino acids in this study did not show a clear
pattern (Figs. 33 and 34), but at least a relatively high or even
an increase in concentrations of both forms of amino acids was
evident early in the season. These results suggested that Porphyra
samples had the capability to accumulate amino acids as nitrogen
reserves when relatively abundant nitrogen was available in
seawater. Oohusa et al. (1977) reported that P. yezoensis could
accumulate amino acids, which represent over 40% of its nitrogen
reserves.

The decrease in total and free amino acid concentration of
most samples at the end of the growing season suggested that both
amino acids and proteins represent a utilizable nitrogen pool in

Porphyra, which is used immediately when seawater nutrients are
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depleted. This phenomenon has been shown for Gracilaria spp.
(Bird, et al., 1982; Rosenberg and Ramus, 1982).

The differences in the composition of total amino acids
between the two collection years (Figs. 35 and 36) are not
considered important since amino acids that were dominant in one
year were still present in moderate concentrations in the other
year, and vice versa. The 1991 samples were dominated by
methionine, alanine, and tyrosine, whereas the 1992 samples were
dominated by alanine, arginine, and glutamic acid.

. Interestingly, the content of taurine, the amino acid having
therapeutic activity, ranged from 0.3% (dw) for P. fallax at Wreck
Beach, 1991 to 1.6% (dw) for P. perforata at Whiffin Spit, 1992,
compared to about 1.4% (dw) for various species of Porphyra in
Japan (Noda et al., 1975).

The range of total amino acid content in Porphyra spp.
studied here was comparable to that of the Japanese species, P.
yezoensis (Ji, et al., 1981) and P. tenera (Arasaki and Arasaki,
1983) . The desirable flavor of P. tenera, a Japanese species, has
been attributed in part to glutamic acid, alanine and glycine as
major constituents (Tsuchiya and Suzuki, 1955). These amino acids
were relatively dominant in Porphyra species in the present study
(Figs. 35 and 36), and hence these species are likely to have an

acceptable flavor.
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PORPHYRAN

Porphyran, the major mucilaginous cell wall carbohydrate in
Porphyra spp., has been suggested to function as a cushion against
physical buffeting, e. g. wave action (Eppley and Cyrus, 1960) and
to provide protection against desiccation (see McCandless, 1981).
These suggestions might explain why porphyran content in some
samples was significantly higher in 1992, when the temperature was
higher, than in 1991 (Fig. 39, Table 2). A relatively higher
porphyran content was also noted for P. torta at Orlebar Pt. than
for the same species at Whiffin Spit, which once again confirms
that porphyran content varied as an ecological effect (with
probability of least squares means closed to a critical value,
0.0694). Species that showed high porphyran content, e. g. P.
torta at Orlebar Pt., could be considered as a source of agar
since alkali pretreatment changes the sulfated portion into

anhydrogalactose, producing agar for food use (Yaphe, 1984).
FLORIDOSIDES

Since all studies so far dealt with floridoside, but not
isofloridoside, the following discussion is only;focused on
floridoside. While the factors affecting the biosynthesis of
floridoside are still unknown, environmental factors, such as
salinity (Reed et al., 1980; Wincke and Liuchli, 1981 and Macler,
1988), nitrogen level in medium (Macler, 1986), and the key

floridoside biosynthesis enzyme, floridoside phosphate synthase
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(Meng and Srivastava, 1990, 1993), have been shown to affect
floridoside level in red algae. In addition, as a photosynthetic
product, it would be expected that floridoside production will be
influenced to some extent by parameters that control
photosynthesis, such as temperature, nutrients and light. The
initial increase in floridoside content early in the season (Fig.
47) , therefore, could be a result of temperature increase as the
season progressed and nutrient concentration in seawater, which
was still relatively high (Figs. 5 and 6). This temperature
effect, either indirectly through photosynthetic rate or directly
through enzymatic activity enhancement could result in an increase
in floridoside content (Meng and Srivastava, 1990, reported that
the activity of floridoside phosphate synthase was regulated and
positively correlated to temperature). The nutrient availability,
especially nitrogen, has been shown to affect partitioning of
fixed carbon into floridoside, agar, and floridean starch. For
example, in the red alga Gelidium coulteri, an increase in
nitrogen was shown to stimulate floridoside synthesis (Macler,
1986) . In addition, as an intertidal species, the Porphyra spp.
studied here are subject to marked changes in salinity when
exposed at low tide. This increase in salinity at low tide has
been related to the accumulation of floridoside via degradation of
floridean starch as an osmotic regulation response in P.
umbilicalis (Wincke and L&uchli, 1981). However, in March or April
and subsequently, a decrease in floridoside content was observed.

This decrease in floridoside content could be due to nutrient
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depletion in’seawater at this time (Figs. 5 and 6). Macler (1986)
reported that nitrogen starvation in G. coulteri led to a large
loss of photosynthetic pigments and cellular protein, which in
turn decreased the rate of photosynthetic carbon fixation.
Although its biosynthesis is still unknown, isofloridoside
exhibited a similar pattern of seasonal change to that of

floridoside (Figs. 46 and 47).
CONCLUSIONS

. Having analyzed the results above, the following important
points need to be made. Firstly, this study confirmed that
Porphyra spp. have a relatively high protein content (see Appendix
IITI). Moreover, species of Porphyra investigated here were able to
accumulate nitrogen in their tissue, inorganic as well aé organic
forms, when nutrients were available in abundance. This capability
to store nitrogen, presumably as a reserve, precludes the need to
apply fertilizer in winter or early in the growing season.

Secondly, it was clear, as discussed above, that parameters,
such as temperature, nutrient availability, tide level, and
salinity are among the important environmental factors that
influence the chemical composition of Porphyra spp.
Eicosapentaenoic acid, palmitic acid, floridosides, porphyran, ash
content and dry weight showed significant but irregular
fluctuations or seasonal changes over the growing period of the
Porphyra species. In addition to environmental factors, inter-site

variations were also noted for concentrations of some chemical
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constituents of Porphyra. The concentration of total amino acids
and eicosapentaenoic acid in P. perforata varied significantly
between samples collected at Whiffin Spit and Orlebar Pt. These
observations lead to the necessity to consider the appropriate
site and time of harvesting for specific utilization purposes. The
effects of periodic emersion were also noted in the natural
occurrence of Porphyra spp. in the two years, especially the
species growing at a higher tide level, i. e. P. mumfordii, P.
torta, and P. pseudolanceolata, suggesting the application of
proper cultivation methods, either a floating system where the
thalli are soaked constantly in seawater, or a pole system where
the thalli are exposed to air during the period of low tide
(Oohusa, 1984).

Thirdly, each species showed distinctive characteristics in
containing relatively higher concentrations of certain chemical
compounds compared to the other species (Appendix III). P. torta
was high in total lipids and porphyran; P. perforata in taurine,
eicosapentaenoic acid, and isofloridoside; P. mumfordii in total
amino acids and palmitic acid; P. fallax was high in floridoside
and ash. These data may be important in selection of species for

cultivation when specific chemical constituents are desired.



V. POSTSCRIPT

The results in the present study along with the previous

discussion provide some conclusive points which hopefully would be

considered in order to utilize Porphyra optimally.

1.

2.

Native Pacific Northwest species of Porphyra under study can be
promising species for commercial cultivation.

Understanding physiological characteristics and its responses
to changing environmental variables of Porphyra could allow the
species to be used optimally.

ff is imperative to select an appropriate species, site, and

cultivation method.

For further study on Porphyra biochemistry, the following items

may be found useful:

1.

It is desirable to elucidate the detailed effects of every
single environmental factor and its interactions with other
factors on the chemical composition of Porphyra spp. by
conducting laboratory experiments in which the factor of
interest is varied while the others are kept constant.
Furthermore, having analyzed regression and correlation of all
major environmental factors to chemical contents of Porphyra,
the form and degree of their relations can be drawn, which
provides a means of predicting the chemical compositions of

Porphyra by analyzing environmental conditions.

90



91

2. As environmental conditions vary from year to year (as observed
in this study), more than two years of replication are needed
to adequately study seasonal changes.

3. Due to the fact that variations in occurrence and chemical
contents occurred among the species of Porphyra, further study
on a specific species of interest is advisable in order to
obtain a more detailed characterization of the species.

4. Organoleptic tests of Porphyra, as a complement to chemical
composition analyses, especially for food production, should be

done to explore the desired taste and flavor.

-
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Appendix I. Tide level at the day of collections.

Whiffin Spit

Orlebar Pt.

103

Wreck Beach

Date Time Height |Time Height Date Time Height
(ft) (ft) (ft)

23 Jan 1991} 06.35 9.8 03.40 9.3 |22 Jan 1991]03.05 7.7
14.45 4.5 10.00 15.1 09.40 15.3
21.10 6.3 17.30 5.1 16.50 6.0
22.00 6.3 23.00 11.4
26 Jan 1992]06.35 10.1 03.45 9.5 128 Jan 1992]02.30 12.8
14.25 4.6 10.00 15.3 06.25 11.7
17.30 5.3 11.25 13.8
19.40 4.1
21 Feb 1991]05.25 10.0 03.30 10.6 |24 Feb 1991103.25 14.1
14.10 3.4 09.10 14.6 08.10 11.9
. 16.50 3.9 12.15 13.4
20.25 2.9
23 Feb 1992] 04.55 9.9 02.35 9.1 |24 Feb 1992]03.40 10.1
12.30 4.0 08.30 14.9 09.15 14.1
18.40 6.8 15.40 4.7 16.50 4.3

21.25 6.5 22.40 12.9
20 Mar 1991]03.20 9.8 01.45 9.4 22 Mar 1991 03.55 11.2
11.30 2.5 07.15 14.3 08.35 13.6
18.10 6.8 14.25 3.0 16.30 2.9
20.35 6.5 21.35 13.6 26 Mar 1992]00.50 13.5
25 Mar 1992} 04.35 9.1 04.45 11.3 06.35 11.0
13.50 3.5 08.50 12.4 09.45 11.5
16.35 4.8 17.50 5.1
18 Apr 1991]02.30 10.1 |01.45 10.7 |17 apr 1991]01.10 10.1
11.10 1.1 06.35 13.9 06.05 14.3
18.45 7.0 14.00 1.5 13.35 1.3
19.50 7.0 21.35 14.7 20.50 14.7
25 Apr 1992]02.55 7.4 100.40 13.9 |24 Apr 1992 06.20 10.3
05.20 7.5 07.25 9.7 09.15 10.7
14.35 3.9 11.05 10.4 16.45 5.2

22.30 7.8 17.40 6.3
18 May 1991}02.55 9.6 02.50 11.0 {19 May 1991]04.20 10.3
11.45 1.0 07.05 12.9 08.35 11.9
19.20 7.5 14.30 2.0 15.45 2.8
23.05 7.3 22.10 15.4 23.20 15.4
24 May 1992]02.25 6.7 06.25 8.8 {22 May 1992)04.20 10.2
04.50 6.9 10.40 10.1 08.00 11.0
13.15 4.0 16.30 7.0 15.10 4.4
21.00 7.9 23.55 14.1 22.55 14.4

Source: Canadian Tide and Current Tables. Vol. 5.
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