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A review of life-form schemes in the algae is given and a new one is proposed because no previous scherne has
had wide acceptance. The new scheme is intended to be a reflection of habitat reqmrements of response and to be
applicable to both maiine and freshwater algae. Biological spectra aie constructed for saltmarshes, rocky coasts
(temperate and tropical) and for fresh waters, A further comparison is made of different bclts on saitmarsh and
rocky shores. A final comparison is made of biological spectra ranging from the Arctic to the tropics and from
the Atlantic to Pacific Oceam.

Introduction

Just äs there have been numerous attempts to for*
mulate life-form schemes for the flowering plants, so
various workers have proposed a number of different
life-form schemes for the algae. A study of intertidai
algae reveals an empirical relationship of the different
morphological types to the character of the habitat,
e.g., rocky shore, sandy shore, saitmarsh, etc. Apart,
however, from these local habitat factors there are
other more general factors which niust be considered
in order to account for such phenomena äs the dom-
inance of large kelps in colder waters and the abun-
dance of lime-encrusted forms in warmer waters. The
former, is, of course, associated with the failure of the
gametophyte generation of the large kelps to reproduce
in warm waters, and the latter is regarded äs related to
the physiology of calcification and at a more general
level the overall problem of calcification in tropical
waters. It is true that large areas of calcareous algae have
been reported from arctic regions but the number of
species involved is small compared with those found in
the tropics. In recent years this aspect of algal ecology
has received very little attention. In view of the accumu-
lating knowledge in physiological ecology and the new
impetus in population ecology and "adaptive" ecology,
we would like to re-examine the life-form concept with
the possibility that the idea might indicate further lines
along which investigations should be profitable.

An effective System, for example, should provide a
quantitative picture of the Vegetation in any one area
or geographical region, and it would serve äs an extre-
mely useful medium for comparing floras from two
different regions. Indeed it is in this respect that any
System will probably make its greatest contribution.
There will, of course, be much the same limitations to
any life-form scheme for the algae äs there are to any
one for the phanerogams. The principle objections are
that no Hfe-form scheme indicates the dominant life-
form nor is there any indication of the relative abun-
dance of the different categories. The latter can be
surmounted if frequency figures are available by cal·
culating the various life-forms in terms of frequency
points, äs has been done for Raunkiaer's scheme for the
phanerogams, At present practically no frequency data
are available from algal ecological surveys, and it is
probable that in future such data should be obtained.
This approach might be well suited for investigation
by Computer methods.

The earliest attempts at life-form classification were
based, äs indeed were those also of the phanerogams,
upon morphological criteria, though it is obvious now
that this is not the most desirable basis. The main
developments in this subject have been in the present
Century and can be regarded äs stemming from Olt-
mann's Schema of 1905 which was wholly morpholo-
gical.
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Little further progress in this field was made until 1926
when Setchell proposed a new System based upon his
studies of coral reef algae. One advantage this new
scheme possessed was that its basis was largely ecologicai.
However, it would require very considerable modifica-
tion and extension for general use because it was prima-
rily intended for tropical and sub-tropical regions. The
primary classification was based upon the response of
aJgae to light, though in most cases there was little
quantitative proof of the response. This would be essen-
tial if a scheme of this nature were to be adopted.

The following year Funk (1927) put forward another
Schema which was also based upon work in the waters
of the Mediterranean. This System, however, returned
to a morphological basis whilst at the same time some of
the terms were open to difficulties of Interpretation.
Somewhat arbitrary units of length were selected so that
it could prove difficult in some cases to decide if a
species belonged to the Fine Algae or to the Microscopic
Algae, nor was it made clear how one distinguished
between Fine Algae and Seaweeds (Tange). There were
four major groups and each one was subdivided into a
number of categories.

The next classification to be proposed was that of Gislen
(1930). This, too, was based upon morphological criteria.
This scheme was designed to include both plants and ani-
mals in marine habitats and was therefore more ambi-
tious, although algologically it went little further than
Oltmann's.

An advance upon these purely morphological categories
was proposed by Knight and Parke in 1931. They
followed the terrestrial System of Raunkiaer using
duration and perennation. However, only four primary
groups were proposed and in order to make the scheme
workable and meaningful it would have been necessary
to subdivide them. The four divisions were perennials,
pseudoperenniais, annuals and casual annuals. The logi-
cal elaboration of this scheme was eventually put for-
ward by Feldmann (1937) äs a result of his work on
the Mediterranean algae. In a more recent paper Feld-
mann (1966) has elaborated on this Schema.

Feldmann's Scheme

A A nnuah
1. Ephemerophyceae: species present throughout the

year in the form of successive generations, e.g.,
Enteromorpha, Ectocarpus, Polysiphonia,

2, Eclipsiophyceae*. macroscopic thallus present for
part of successive generations.

(a) Gametophyte microscopic, e.g.,Mesogloi&
(b) Sporophyte microscopic, t.g,,Acro$iphonia spines-

cens.

(c) With microscopic plethysmothallus, ^.g

Feldmann mcludesDerbesut/Halicystis under (a) but his
scheme does not seem satisfactory äs the Halicystis
generation cannot really be regarded äs microscopic. Un-
fortunately there is no other category into which they
could fit.

3. Hypnophyceae: macroscopic thallus present for part
of the year» the unfavourable season being passed in
some form of resting stage.

(a) Resting stage oospores, e.g., Spirogyra.
(b) Resting stage hormogones, e.g., Rivufaria.
(c) Resting stage akinetes, e.g., Ulotkrix.
(d) Germination followed by period of dormancy, e.g,,

Dudresnaya.

Feldmann (1966) points out that our knowledge of algae
in (d) is very meagre, particularly among the Rhodo-
phyta- This could result in species being misclassed. In
the original (1937) version there was also a group for
algae that persisted äs spores, e.g., Cylindrospermum

B Perenniak

(a) Frond entire throughout the year

4. Phanerophyceae: Fronds erect, e.g., Fucus, Sargas-
sum. These can be subdivided into plants that each
year produce a new set of reproductive Organs
(Monocarpic phanerophyceae) and those, such äs
Caulerpa, where all the contents are transformed into
gametes after which the plants die (Holocarpic
phanerophyceae).

5. Chamaephyceae: where the frond is a perennial crust
or is prostrate, e.g,, Codium adhaerens, Ralfsia, Peys-
sonnellia. In 1946 Nasr proposed that algae such äs
Caulerpa, which have prostrate stolons and erect
branches, should be classed äs Hemichamaephyceae
but Feldmann (1966) did not accept this Suggestion
despite its merit.

(b) Only part of frond persisting throughout the year

6. Hemiphanerophyceae: part of the erect frond dis-
appears, e.g., Cystoseira, Laminaria hyperborea,
Delesseria sanguinea.

7. Hemicryptophyceae: basal portion only of thallus
persists.

(a) Basal perennating portion is a disc, e.g.,Rissoelfa
verruculosa.

(b) Basal perennating portion is a creeping stolon, e.g,,
Petroglossum nicaeense, Caulerpa prolifera,

Feldmann (1966) points out that some species provide
considerable difficulty in classification. One such isAce-
tabularia, which is a perennial alga, but after cyst for-
mation it behaves äs Hypnophyceae and then äs a Hemi-
cryptophyceae äs the sterile caps disappear each year.
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Despite problems presented by algae such äs the above,
the scheme seems to be the most satisfactory so far
produced. It does not appear, however, to give adequate
consideration to the effect of the environment, and äs it
was based primarily on marine algae some modification
would be necessary if the huge body of freshwater and
terrestrial species are to be included. It is also doubtful
whether the application of ideas and terminology deri-
ved from Raunkiaer's phanerogam life-form System is
likely to be wholly satisfactory for such a very different
group äs the algae. Conditions in salt and fresh water are
very much more uniform than on land and perennation
or mode of survival of the unfavourable season has less
significance than on land.

After Feldmann pubhshed his original classiflcation in
1937 a further new one was proposed by Cedergren
(1939) which was based essentially on the nature of the
Substrate, and referred more specifically to freshwater
algae.

The fact that no one of the schemes outlined has so far
had any wide adoption suggests that either phycologists
are dissatisfied with them or that they have yet to be
convinced that a suitable scheme will be useful. The
present workers wish to propose a new life-form scheme
and then, having done so, to examine its Operation when
applied t o certain regions. In this last exercise some in-
adequacy of floras has to be accepted and also possibly
some lack of Information about the life-form of certain
species. The resulting biologjcal spectra are, however,
sufficiently distinct to overcome any error due to the
above considerations. We wish to emphasise that this is
not an exercise in terminology. The terms used are of
very minor importance, and are used simply to designate
the life-form descriptions in a manner of convenience.

In preparing any life-form System there are certain predo-
minant criteria:
(1) The different types should show some reflection of

the habitat they occupy.
(2) It should be possible to obtain a quantitative picture

for a region or a particular type of habitat, e.g., salt-
marsh, estuary. If the scheme is successful a further
advance would be to refer it to frequency points
when algal ecology has reached the stage of regulär
quadrat analysis.

(3) Any scheme should be simple and easy to work with,
and it should not involve additional studies before a
species is assigned to a given life-form.

(4) The minimum number of morphological criteria
should be used in classifying the different h'fe-forms.

(5) It should be applicable to all algae in all habitats.

The following is an outline of our proposed scheme.

SERIES A:

Calciphykes or species with calcite or aragonite (CaCO3)
encrustation. Such species are grouped here irrespective

of any other features. It might be objected that this is a
purely morphological character but recent work by
Goreau (1963) suggests that it is a physiological response
to certain water conditions. The overwhelming predo-
minance of the group in warm waters argues strongly that
it is the tropical and sub-tropical conditions that resuit
in ine abundant deposition of lime. If necessary this
group could be subdivided äs follows:

1. Chamaecalciphykes (Chcp): This comprises flattened,
expanded crusts, e.g.,Melobesia, some species of
Lithophyllwn (L. carpophytti).

2. Eleutherocalciphykes (Lcp): knob-like forms lying
loose on the Substrate, e.g., species of Lithothamnion.

3. Eucalciphykes (Ecp): Erect branched or unbranched
forms, e. g., Cymopolia, Bossiella, Halimeäa, Ace-
tabularia, Padina, Coraüina, Amphiroa, Jania,

4. Corallicalciphykes (Cp): Massive lumps of coral-like
algae, mostly involved in reef formation, e.g., Litho-
thamnion, Goniolithon, Porolithon.

SERIES B: Non lime or silica encrusted species

5. Eleutherophykes (Lp): Species with free-living thalli
but which lie on the soil surface and do not float e e1 o" *

Pebetia canaliculata ecad libera, Ascophyllym
mackaii, Chaetomorpha litorea, Gracilaria secundata
f. flagettifera, A egagropila.

6. Pkmktophykes (Pp): This includes all the usual marine
and freshwater planktonic algae.

7. Pleustophykes (Psp): Floating macroscopic algae, e.g.,
Enteromorpha species, Sargassum natans.

8. Geophykes (Gp): Species wholly or partially embed-
ded in the soil, e.g., unicellular and multicellular soil
algae and species such äs Fucus vesiculosus ecad
caespitosus.

The next two groups represent perennial species that are
attached to a solid Substrate, and which at the most will
only be partially denuded in the autumn. It comprises
both the Phanerophyceae and the Hemiphanerophyceae
of Feldmann because in many cases it is difficult to
know whether denudation has in fact occurred. Two
groups are recognised, based on size, because this influen-
ces shading and hence competition. Algae such äs Lami-
naria are included here even though they possess a dwarf
gametophyte.

9. Megaphykes (Mp): Macroscopic perennial attached
thallus that reaches more than 5 m in length, e.g.,
Macrocystis, Pefagophycus.

IQ.Mesophykes (Msp): Macroscopic perennial attached
thallus less than 5 m long, e.g., many Rhodophyceae
and Phaeophyceae and some attached freshwater
algae.
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We realise that the delineation of these two groups is sub-
ject to criticism since it employs a somewhat arbitrary
size limit. However, the assignment of such genera äs
Macrocystis, Petogophycus, Nereocystis znaDwvillea to
the former leaves no real question äs to the limitations of
that group. Rhodophyta with morphologically similar
generations found throughout the year are included in the
Mesophykes.

The next series of groups covers those that may be con-
sidered äs annuals or pseudo-perrenials.

11. Chamaephytes (Chp): Non-calcareous prostrate ex-
panded crusts and gelatinous colonies, e.g.,Ralfsia,
Ulvella, Cruoria,

\ 2.Deciduiphykes (Dp): These can be regarded äs pseu-
do-perennial species attached to a solid Substrate,
which either persist through part of the year by
means of the basai part of the thallus, t.g^Himan-
thalia, Caepidiwn, Nemalion, ßatrachospermum, or
eise äs a microscopic thallus. The macroscopic plant
only occurs for part of the year,

\3.Therophykes (Tp): Species attached to a solid sub-
strate and which only occur for part of the year, the
other portion being spent äs a resting zygote, spore,
or a unicellular generation, e.g., *Gomontia* phase of
Urospora and species of Monostroma.

\4.Epiphykes (Ep): This consists of external epiphytes,
epizoites and parasites, e.g., Janczewskia, Elachista

fucicola, Basicladia.

IS.Endophykes (Enp): Wholly endozoic, e.g., Zoo-
Chlorella, or endophytic, e.g., Entocladia, Schmitzietta,

16. Lithophykes (Lip): Shell and rock boring algae, e.g.,
Hyella spp. with no other type of generation.

One major problem, for which we admit we have no
immediate answer, involves those species with an alter-
nation of generations that would normally be assigned
to different groups. In the case of the Laminariales with
a microscopic gametophyte we have ignored the annual
gametophyte in favour of the perennial sporophyte. In
the case of other alternations (e.%.,Ralfsm, Cruoria,
"Conchocelis" phase ofPorphyra, and other Rhodo-
phyceae, Phaeophyceae) there is a persisting problem.

Consideration of these stages of the life history would
result in the algae being assigned to a group that it is
totally inappropriate for the other alternating genera-
tion. It might be possible to resolve this dilemma by
electing to consider the niorphological dominant; the
spring-summer generation (äs opposed to the over-winter-
ing generation); or either sporophyte or gametophyte.
Any one of these, however, is rather arbitrary, and thus
not a real solution to the dilemna. In what follows we
have considered the morphological dominant.

The above scheme has been applied to floras from a
variety of regions in order to see what kind of biological
spectrum emerges. In all cases the plankton flora was
omitted because the data were not always available. The
floras selected for this initial study were äs follows:

^
1. Scolt Head, Norfolk, England — essentially saltmarsh

(Chapman, 1934).

2. Lynn salt marshes in Massachusetts (Chapman, 1940).

These two provide a comparison of two similar habitats
widely separated geographically.

3. Iceland — rock coast and very cold waters (Jonsson,
1912).

4. Northeastern N. America — essentially rocky coast
(Taylor, 1966).

5. Dry Tortugas — representative of a tropical flora
(Taylor, 1928).

These three comprise a comparison of Atlantic ocean
areas, ranging from polar to tropical waters.

In order to demonstrate the applicability of the scheme
to fresh water three algal floras have been employed.

6. Cambridgeshire (West, 1899).

7. Yorkshire (West and West, 1901).

8. Great Lakes of USA (Prescott, 1962).

In a subsequent elaboration the marine floras of four
countries are employed.

(a) New Zealand (Chapman, 1956; Lindauer, Chapman
and Aiken, 1961; Chapman, 1961; Laing, 1926).

(b) Great Britain (Newton, 1931).
(c) Jamaica (Chapman, 1961,1963).
(d) Peru (Dawson et /., 1964).

There are of course many other regions or habitats that
could have been considered. In some instances we have
already done this, but have not included the results
here because of space requirements.

In computing the biological spectra the subdivisions of
the calciphykes have not been separated. The results for
a ränge of floras are set out in Table l and Figure l and
the following points emerge:

1. There is a high proportion of Eleutherophykes (Lp)
and Geophykes (Gp) in areas l and 2 (saltmarsh).
There is no solid Substrate so that attached forms
cannot survive, but the presence of such forms may
be due more to the presence of phanerogams that
can trap and hold them rather than to the Substrate.
There is a similar ränge of life-forms on the West
Atlantic.

2. On the whole the rocky coasts are characterised by
high proportions of Therophykes, Mesophykes and
Epiphykes. These life-forms are present under fresh
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Tab. l. Percentage of life-forms in total floras

Area Cp Lp Gp Mp Msp Chp Dp Tp Ep Enp Lip Pp + Psp

Scolt
Lynn
Iceland
NE North USA
Dry Tortugas
Cambridge
Yorkshiie
Great Lakes

0.7
0
5.77
5.07

19.5
0
0
0.1

28.9
54.7

1.4
3.0
5.5
0
0
0

8.0
13.3
1.4
1.84
0.25
3.0
0
2.6

0
0
0
0.26
0
0
0
0

16.0
3.9

24.5
34.2
55.6
0.4
1.4

10-0

0
0
4.2
6.33
3.75
0
0
0

24.8
3.9
1.4
3
8.25
0.8
1.3
0

12.7
14.6
37
10.2
2.75
4.5
3.0
0

5.3
7.8

11.0
26.8

8.25
11.1
3.9

20

3.4
1.3
6.4
7.44
0.5
0
0.1
0.5

0.7
0
1.9
1.32
0.75
0
0
0.1

0
0
0
0.53
2

80.3
90.1
66.4

Cp Lp 6p Mp Msp Chp Dp Tp Ep Enp Lip
Scolt
Morsh

Lynn
Marsh

Iceland
Rocky
Ardic
E North
America
Rocky
Temperate
Ory
Tortugas
Rocky
Tropics

Cambs
FWater

Yorks.
Water

Great
Lokes
f. Water

l
l

l

l

I I l
I I I I
I M

l
l

l l

Pp«Psp 3. In the Dry Tortugas the Calciphykes provide the
highest proportion among the life-forms and this is in
agreement with the thesis that warm waters are more
favourable to lime deposition. If we compare the
floras of Iceland (arctic), E. North America (tempe-
rate) and the Dry Tortugas (tropical), the arctic area
has a higher proportion of Therophykes than the other
t wo. This is probably related to the short growing
season. In warm waters the Mesophykes and Calci-
phykes assume sigmficantly more importance than in
colder waters.

Some of the issues raised above may be regarded äs ob-
vious, but the merit of a life-form schema and a biologi-
cal spectrum is the translation of such obvious features
into a quantitative basis.

50% 50%

Fig. 1. Biological spectra for saltmarsh, rocky coast and fresh-
water areas. (For scale cf. percentages, Table 1).

water donditions, but are overwhelmed by the domin-
ance of Plankto- and Pleustophykes. The abundance
of Therophykes could perhaps be compared with
desert biologjcal spectra in which annuals may be
numerous but are not the most imposing element be-
cause they only become conspicuous under certain
conditions. The reduced number of Epiphykes in =
some fresh waters presents more of a problem. The
larger brown and red algae form admirable hosts under
marine conditions, but there is an abundance of
aquatic phanerogams in fresh waters. It is possible that
the seasonality of the phanerogams in winter inhibits
great development of epiphytes. Alternatively the sur-
face of stem and leaves is less satisfactory äs a sub-
strate than the surface of large brown and red algae.
Yet another possibility is the sheer inadequacy of in-
formation from fresh waters. This is surely a
feature that justifies further study.

In Figure 2 the algaJ floras of Scolt Head and Port Erin
(Knight and Parke, 1931) are divided into the principal

CP

Cyonophyceae

Rhodo-
phyceoe

Phoeophyceoe

Chlorophyceae

Lp 6p Mp Msp Chp Dp Tp Ep Enp Lip

I I
l

l
l

Scolt

Rhodo- 1 ·
phyceoe | | , 1
Phaeophyoeae

Chlorophyceae

M I M
l l UM

Port Erin
Fig. 2. Biological spectra for major algal
Port Erin floras (Scale äs for Fig. 1).

divisions of Scolt and
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component algal groups and individual biological spectra
calculated for each. In neither area do the Rhodophyceae
present any striking feature. Among the Chlorophyta
there is a greater development of Epiphykes, Endo-
phykes and Lithophykes under rocky shore conditions
(Port Erin) than under saltmarsh conditions. The presen-
ce of rock certainly promotes the last named group.

In Figures 3 and 4 a study has been made of biological
spectra at different levels on the shore, using the marshes
of Scolt Head Island and the rocky shore flora of Mt
Desert Island, Maine (Johnson and Skutch, 1928). In
the latter the influence of the rock pools has also been
considered in Order to determine what effect their Vege-
tation could exert upon the spectra,

In Figure 3 (Scolt Head Island), which includes algae
frorn the saltmarshes, creeks, channels, and a break-
water, it will be evident that the spectra differ at each
level. At higher levels Eleutherophykes and Geophykes
predominate, the former persisting down to the middle
levels, At the middle levels there is a significant propor-
tion of Mesophykes, Deciduiphykes and Therophykes.

Gp Cp Hsp Op Tp Ep Enp

upper
h t to ra l

mid
l i t t o r a l

lower
l i M o r a l

Zonat ion Scolt
Fig. 3. Biological spectra for upper, middle and lower littoral
at Scolt, (Scale äs for Fig. l, X 4).

Cp Lp Gp Mp Msp Chp Op Tp Ep

I I l l l l Sublittorol

l l I II
l I I Il imn n

MT. Desert Is., Maine

pools

Lower

Littoral

Upper

Liltoral

Whilst the presence of the phanerogams or the nature of
the Substrate may be important there is also the possibili-
ty that absence of spray and lack of any swash may re-
strict some of these life-forms. At the lowest levels the
greatest percentage of the life-forms is occupied by the
Deciduiphykes. There is little doubt that the increased
frequency of flooding is at least partly responsible, but
there are other factors, such äs supply of nutrient salts
and light intensity, that could be involved, At present
very little is known about the physiological requirements
of species belonging to the Eleutherophykes and Geo-
phykes, and these require study.

The panflora of the Norfolk marshes consist of about 40
species (Chapman, 1937). 55 % of these are Eleuthero-
phykes, 17.5 % Therophykes and 15 % Geophykes. In
other words, although the Substrate is either soft mud or
a phanerogamic plant, the mere presence of water in
pans du ring most of the year enables a significant num-
ber of Therophykes to exist at high levels, Substrate
therefore, is not the sole factor, and on rocky coast inun-
dation or spray could be equally important.

From Figure 4 it is at once evident that on a rocky shore
Variation in level does not produce profound differences
comparable to those found on saltmarshes. There are,
however, certain features of interest. The Calciphykes,
which collectively äs a group demand long or perpetual
submergence, are restricted to the sublittoral or pools.
The Megaphykes also decrease with increasing exposure,
and it can be suggested that at upper levels the length of
time they are covered cannot be sufficient for them to
obtain the necessary nutrient salts, The effect of the
rock pool Vegetation in the lower littoral and upper
littoral upon the biological spectra is also very evident,
particularly in the addition of Calciphykes.

Finally the proposed life-form scheme has been applied
to four other regions. For this purpose the floras of
New Zealand, Britain, Peru and Jamaica were used (the
first two temperate and the second two tropical) and
they were also divided into the three major algal divi-
sions. A comparison has also been made with the earlier
Feldmann scheme. As far äs possible the published revi-
sions of the New Zealand Flora were used, but some of
the Rhodophyceae were selected from Laing's (1926)
list and unpublished observations of the existing herbaria
and field observations. In order to simplify the analysis
only a sample of each flora has been analysed,1) This
has had the merit that any species could be omitted
where doubt existed over its life-form. Despite this
limitation the results illustrate significant differences
(Tab. 2).

Using the Feldmann scheme (Fig. 5) and comparing the
total flora for Britain, New Zealand and Jamaica, it is
evident that in Jamaica there is an absence of Eciipsio-

Fig. 4. Biological spectra for upper, lower and sublittoral at Mt
Desert Island, Maine (Scale äs for Fig. l, X 2). x) We are grateful to Dr. F. L Dromgoole for the analysis.
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Tab. 2. Percentage of life-formi in foui floras

Flora

New Zealand
Gieat Britain
Jamaica
Peru

Cp

3
2.5

16
8.1

Lp

2
6.8
5
1.4

Gp

2
3.4
0
0

Mp

4
0
0
1.4

Msp

22
16.4
49
60

Chp

l
5.1
5
2.8

Dp

15
16.1
5
3.6

Tp

26
32.2
15
6.6

Ep

16
13.5
4

11.0

Enp

0
2.5
0
5.1

Lip

f)
0.8
0
0.7

Total Flora
40
30
20
10

30

20
10

60
50
40
30
20
10

Feldmonn
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Fig. 5. Biological spectia on Feldmanns Scheme for New Zealand,
Britain and Jamaican algaJ floras.

phyceae and Hypnophyceae and a very high proportion
of Phanerophyceae. In general the spectra for the two
temperate areas are similar, but in New Zealand there is
twice the percentage of Phanerophyceae.

On the scheme proposed in this paper (Fig. 6) there is
again a similarity in the spectra for the two temperate
areas and there is also some sirnilarity between the two
tropical areas. When the temperate spectra aie com-
pared with the tropical floras the following differences
emerge:
1. Large increase in the proportion of Calciphykes. This

is more pronounced with Jamaica than Peru wherc
the cold Humboldt Current has undoubtedly exerted
a significant influence.

2. Great increase in proportion of Mesophykes. This is
probably associated with the probability that only
small bushy algae can survive on the littoral during
the period of exposure.

V. i
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Chapman
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B r i t a i n
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Fig. 6. BiologicaJ spectra for New ZeaJand, Britain, Jamaica
and Peru aJgaJ floras.

3. A great decrease in the proportion of Deciduiphykes.
Since there is little difference between the seasons this
could be expected.

t

4. A decrease in the proportion of Therophykes and Epi-
phykes. The more equable climate would account for
the former but the latter is interesting and warrants
study.
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5. Comparing the Atlantic and Pacific tropical floras there
is the difference in proportion of Calciphykes äs well
äs differences in Therophykes, Epiphykes and Endo-
phykes.

It seems, therefore, that this scheme brings out more
differences between temperate and tropical floras
than does Feldmann's and this suggests it should be
more useful.

Using the proposed scheme (Fig. 7) the main features
that emerge from an analysis of the Rhodophyceae com-
ponent are:

1. The large percentage of Calciphykes in Jamaica,
though they are present in both Great Britain and
New Zealand. The Peruvian percentage is intermediate
between Jamaica and the temperate regions.

2. The smali proportion of Mesophykes in the British
flora, and the very high proportion in the Jamaican
and Peruvian floras.

4. The high percentage of Therophykes in the British
flora and the very low percentage in the Jamaican
flora, and apparent absence in Peru.

5. The very low proportion of Epiphykes in the Ja-
maican flora äs compared with the other three. This
may be related to the effect of heat and desiccation
during periods of exposure, or alternately the plants
may grow under the warmer conditions at a rate that
inhibits epiphytes or parasites from being established.
In view of the difference between Peru and Jamaica
this would seem to be a life-form aspect worthy of
further study.

Using the new proposed scheme (Fig. 8) the main feat-
ures that emerge for the Phaeophycean element are:

l. The presence of a Calciphyke element only in Jamaica.
This is probably directly related to water temperature,
the cold Humboldt Current inhibiting tropical Calci-
phykes in Peru.

3. The very low proportion of Deciduiphykes in the Ja- 2. The presence of Geophykes (saltmarsh component) in
maican and Peruvian floras. the British flora and its absence in the other two. Salt-
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Fig. 7. Biological spectra for Rhodophycean component of algal
floras of New Zealand, Britain, Jamaica and Peru.
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Fig. 8. Biological spectra for Phaeophycean component of algal
floras of New Zealand, Britain, Jamaica and Peru.
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marsh is present in New Zealand but Geophykes do
not appear to have developed, nor have they deve-
loped in the mangrove habitat of the tropics.

3. The presence of Megaphykes only in the New Zea-
land and Peruvian floras. These very large algae have a
distinct regional limitation.

4. The high proportion of Therophykes and Epiphykes in
Jamaica äs compared with Peru.

5. The relative absence of Deciduiphykes in Jamaica and
Peru (see above for Rhodophyceae).

6. There is an interesting Variation in the proportion of
Epiphykes between all four floras.

Finally in the Chlorophycean element of the floras the
main features using the new proposed scheme (Fig. 9) are:

1. The high proportion of Calciphykes in the Jamaican
flora. Thus all three algal divisions have contributed
to this element. Calciphykes are also present in Peru
but here the Phaeophyceae make no contribution to
this element.

2. The small proportion of Eleutherophykes in the New
Zealand and Peruvian floras äs compared with the
other two floras.

3. The high percentage of Mesophykes in the Jamaican
and Peruvian floras (see above in the Rhodophyceae
and the Phaeophyceae).

4. The high and rather surprising proportion of Decidui-
phykes in the New Zealand flora.

5. The great disparity in the proportions of Thereophy-
kes in all four floras, though Peru and Jamaica are
very comparable.

6. The lack of Epiphykes in the Jamaican and Peruvian
floras.

7. The presence of Endophykes and Lithophykes in the
British and Peruvian floras. This result is partly due
to sampling because a very few of both of these life-
forms do occur in the New Zealand flora.

When the total floras are compared the scheme proposed
in this paper provides significant differences and can
therefore be regarded äs meaningful. Perhaps the most
useful application is to floras associated with different
levels on the shore. A future study is needed in order to
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Fig. 9. Biological spectia for Chlorophycean component of algal
floras of New Zealand, Britain, Jamaica and Peru.

compare the biological spectra of lakes with those of
rivers.

This study has presented only a few selected floras and
habitats. Furthermore the comparisons have considered
only species numbers, a crude measure of diversity. No
attempt has been made to conduct comparisons with
other systematic levels (e.g. genera). More importantly
this study makes no consideration of the relative abun-
dance of the individual taxa. It might prove very inter-
esting to try to quantitate such a study by some other
factor than simply number of species or genera, etc.
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