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ABSTRACT: The dominant macroalgae growing at a rocky site on the lsraeli coast were examined for
ecophysiological responses to varying environmental parameters in an attempt to correlate such
responses with their appearance at distinct vertical heights within the intertidal zone. These responses
were measured as the photosynthetic performance during various conditions of light, temperature,
salinity, inorganic carbon and desiccation and were compared with algae cover during the year. While
all algae apparently grew under light-saturating conditions, Enteromorpha cornpressa and Ulva lactuca, which occupy the uppermost level of the zone, were very tolerant to high and low temperatures
as well as desiccation and varying salinity levels. They were also saturated both by HC03- (while submerged) and atmospheric CO2 (during emergence). In contrast, 4 of the species dominating the middle
and lower parts of the intertidal showed a narrower temperature response, could not tolerate exposure
to high temperatures for prolonged time periods and were more sensitive to desiccation and salinity
changes. In Acanthophora najadiformis and Hypnea musciformis, the sensitivity to desiccation in combination with the much higher rates of photosynthesis in air than in water might explain their growth
in the mid intertidal, where, on one hand, waves would keep the thaUi moist and, on the other hand,
frequent exposure to air would ensure a high supply of atmospheric CO,. In all, these results show that
the uppermost growing algae (Enteromorpha compressa and UJva lactuca) are those that endure the
most adverse atmospheric influences and thus can be assumed to lack competition from other species
in the high intertidal. Even though they perform equally well under submerged conditions, it may be
that biotic factors, such as grazing, limit them from growing lower down. In contrast, the other algae
studied showed markedly adverse responses to atmospheric conditions, especially desiccation, and this
may be what restricts them to the lower portion of the intertidal.
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INTRODUCTION

The intertidal comprises habitats in which algae
grow under varying conditions, from almost total submersion to high above the average tide level. These
habitats are characterised not only by their vertical
height and, thus, degree of air exposure, but also by
degree of waves and spray, as well as varying temperatures and humidity. It has classically been thought
that the response of marine algae to air exposure is
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negative (cf. Dring 1994) and that those plants which
survive in the intertidal zone carry a high degree of
resistance to adverse atmospheric conditions such as
desiccation (Schonbeck & Norton 1979, Oates 1985),
overheating (Smith et al. 1986) and salinity (Kirst
1990).
Intertidal rocky habitats often show a high diversity,
as well as density, of algae, and it is therefore reasonable to assume that some algae can benefit from air
exposure by receiving more light and different temperatures and that 'COz users' may be able to acquire
inorganic carbon from the atmosphere more easily
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than from the seawater (Madsen & Maberly 1990, Surif
& Raven 1990, Einav & Beer 1993). Air contains about
16 pM CO2 (350 ppm) which, in seawater, is in equilibrium with a concentration of ca 10 pM (depending on
temperature) dissolved CO2. Since the diffusivity of
CO2 in water is orders of magnitude lower than in air,
and since uncatalysed dehydration rates of HC03- to
form CO2 are low, plants living in seawater would be
restricted to CO, as their only source of inorganic carbon available for utilisation. Under such conditions,
many marine algae have been found able to utilise the
much higher concentration of H C 0 3 - (Reiskind et al.
1989, Johnston 1991, Beer 1994).
The 6 most common algae growing along the
Mediterranean rocky shore of Israel during the time of
this study (1991- 1992) were Enteromorpha compressa
and Ulva lactuca (Chlorophyta), Acanfhophora najadiformis and Hypnea musciformis (Rhodophyta), and
Padina pavonia and Sargassum vulgare (Phaeophyta).
These species were used here in a comparative study of
physiological responses to varying ecological conditions within the intertidal. We measured photosynthetic
rates of the algae during submersion or emergence as a
function of light level, temperature, water content of
the thalli and HC03- as well as CO2concentrations in
order to evaluate their degree of adaptability to the
conditions prevailing within the vertical zone in which
they live. It is believed that such information may also
be useful in estimating how they might adapt to coming
environmental changes brought about by man (e.g. a
doubling of the atmospheric and, hence, dissolved CO2
concentration within the decades to come).

MATERIALS AND METHODS
Field work was carried out at Zukai-Yam, located
ca 3 km north of Netanya on the Mediterranean coast
of Israel. The vertical range and percentage cover of
the different species along 6 m transects were
recorded monthly during a year. Plants were brought
to the laboratory from June to October, where they
were kept in natural, aerated seawater at 20°C in a
normal day-night cycle, and experiments were performed within 3 d of collection.
Various abiotic conditions were simulated in the laboratory, and plant responses were usually measured on
the net gas exchange level using infra-red gas analysis
(IRGA) for emergent conditions and O2 electrode systems during submergence. When comparing submerged and emerged photosynthetic rates, the same
O2 electrode system was used. Details of these methods have been described earlier (Einav & Beer 1993).
Plant responses to irradiance were measured by
exposing the algae to various irradiances (generated

by a halogen lamp and neutral density filters) while
photosynthetic O2 evolution. A Lambda
LiCor quantum sensor was used in order to measure
the irradiance levels (in pm01 photons m-2 S-', PAR).
Temperature responses of the various algae were also
measured in the O2 electrode systems. Initially, thalli
were acclimated to 5°C for 30 min, and the temperature
was then slowly raised (in 5°C intervals for at least
20 min at each stable temperature). In other experiments, the temperature was raised to 37°C (the maximal
natural temperature measured on emergent thalh in the
summer) and the maximal tune for whlch algae could retain positive net photosynthetic activity was measured.
Two different responses to desiccation were investigated. First, the photosynthetic response during exposure to air was measured using an open IRGA system
(in differential mode). Plants were weighed before and
after each experiment, and the dry weight was later
determined at each instance of the photosynthetic time
course (assuming exponentially decreasing water contents; see Beer & Eshel 1983a for details). Second, the
net photosynthetic performance upon recovery from
various desiccation levels was measured using the O2
electrode. Plants were weighed and then left to desiccate to various water contents at room temperature (20
to 25OC). The initial photosynthetic rate upon resubmersion was determined with the O2 electrodes at
25°C and l000 pm01 photons m-' S - ' for at least 15 min.
The various water contents at the end of the desiccation periods were calculated as (IW - DW)/(FW - DW)
where IW is the thallus weight after a given period of
desiccation, FW is the fresh weight and DW is the dry
weight (95°C for 24 h).
In order to measure salinity influences, and to differentiate between salinity effects per se and its effect on
the plant water status, plants were immersed for 2 h in 5
different strengths (0.75, 1.0, 1.5, 2.0 and 3.0) of synthetic seawater [where the normal (1.0) strength was
composed of 0.5 M NaCI, 30 mM MgSO,, 10 mM KC1
and 10 mM CaC12].The solutions were enriched with
2.2 mM NaHC03 as the inorganic carbon source. Algae
were weighed (for FW) and put into 02-electrode cells
filled with the normal (1.0)solution to determine initial
photosynthetic rates. Then these plants were immersed
in 02-electrode cells filled with the various solutions
and weighed again. By weighing the plants after additional time periods, it was established that a steadystate weight had been reached after 2 h. Water content
was calculated from the initial, final and dry weights as
described for the desiccation experiments.
Photosynthetic responses of the algae to different
conditions of inorganic carbon supply were measured
in 4 different types of experiments. (1) For measuring
responses to CO2 concentrations in the air, a closed
IRGA system was used (with the instrument set to
measuring
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absolute mode). An initial concentration of ca 800 ppm
CO2 was applied, and the thalli then reduced this concentration within the closed system. It was ascertained
that the thalli did not desiccate enough to alter photosynthetic rates during these experiments. (2) To determine inorganic carbon saturation points in seawater,
photosynthesis was measured using the 0, electrodes.
NaHC03 was then added to the seawater in intervals
until saturating rates had been reached. (3) In order to
obtain a valid comparison between photosynthetic
rates in air and in water, the O2 electrode system was
used for both submerged and exposed plants. Details
of this technique have been described before (Einav &
Beer 1993). (4) In order to distinguish between the use
of CO2 and HC03- during submergence, various ratios
of the 2 inorganic carbon forms were obtained by varying the pH during photosynthetic measurements in the
02-electrode cell. Photosynthesis was thus measured
at pH 8.2 (by adding 30 mM Tris), pH 7.0 (by adding
30 mM Hepes) or pH 5.6 (by adding 30 mM Mes).
These buffers were added to the seawater medium
after steady state photosynthetic rates had been
reached, and the concentrations of CO2 and H C 0 3 - at
each pH were calculated as described by Beer & Eshel
(1983b).
All figures were plotted using Slidewrite 4.0, and
data for the scatter-graphs were fitted to curves by second or third degree polynomial functions.

RESULTS

The vertical distributions of the investigated algae
are shown in Table 1. The major parts of the Enteromorpha compressa and Ulva lactuca populations grow
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above the high tide mark. Hypnea musciformis and,
especially, Acanthophora najadiformis appear within a
narrow range of the mid-intertidal. Padina pavonia
and Sargassum vulgare are mostly submerged plants,
although Padina pavonia reaches the intertidal zone
and is sometimes exposed. Table 1 also shows the proportional cover of each alga during the year within a
typical transect. The algae chosen for this research
represent the major species within the intertidal zone
(except in December and January when Jania rubra is
most abundant). Enteromorpha compressa and Ulva
lactuca could be found during almost the whole year,
but they are dominant from winter (January) until the
middle of summer; later, the populations are destroyed
as a result of storms or hot easterly winds. Recovery of
the populations takes a few months.
In the laboratory, net photosynthetic rates of all the
algae measured were light-saturated at PAR irradiances 10 to 20% of full sunlight (Fig. 1). Thus, it seems
that there is no light limitation during most of the day
within the intertidal zone.
The temperature responses of the algae differed
mainly with respect to low temperatures, where Ulva
lactuca and Enteromorpha compressa performed better then the others (Fig 2). All algae showed high photosynthetic rates at 37°C in short-term experiments,
and we determined how long they could be photosynthetically active at this high temperature (Fig. 3). The
red algae Acanthophora najadiformis and Hypnea
musciformis could not photosynthesise for more than
15 minutes at 37'C. This may prevent them from growing in higher, more air-exposed areas. On the other
hand, the resistance of Ulva lactuca to high temperatures is remarkable in that it showed positive photosynthetic rates at 37OC for more than 3 h.

Table 1. Percentage cover for each alga investigated during the months of a year and upper (UP) and lower (LO) borders of the
algal populations in relation (cm)to the mean tide. Where no data are given, algae were not present at that time
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Fig. 1. Enteromorpha compressa (Ec),
Ulva lactuca (Ul), Acanthophora najadiformis (An), Hypnea m u s c ~ o r r m s(Hm),
Padina pavonia (Pp),and Sargassum vulgare (Sv). Net photosynthetic O2 evolution rates of submerged algae as a function of irradiance. Measurements were
done on 5 thalli for each species a t a temperature of 25°C. Data a r e expressed relative to maximal rates obtained for each
thallus. Average maximal rates (in pm01
O2 g FW-l h-' i SD) were (Ec) 331 & 53;
(Ul) 249 i 45; (An) 65 + 18; (Hm) 41 & 14;
(Pp) 61 i 16; (Sv) 31 i 14

S-')

Fig 2 Enteromorpha compressa (Ec), Ulva
lactuca (Ul), Acanthophora naladlformis
(An), Hypnea musciformjs (Hm), Padina
pavonia (Pp), and Sargassum vulgare (Sv).
Net photosynthetic O2 evolution rates of
submerged algae as a function of temperature. Measurements were done on 6 thalli
of each species a t a n irradiance of 1000
pm01 photons m - 2 S-' Data a r e expressed
relative to maximal rates obtained for each
thallus Average maximal rates (in pm01 O2
g F W - ' h-' SD) were (Ec') 120 k 36; (U]')
19; ( H m ' ) 77 r 22;
113 + 12; ( A n ' ) 64
(Pp)50 k 19; (Sv)20 9 ('after Einav & Beer
1993)
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that the high-growing species (especially Enteromorpha compressa) are much more resistant to desiccation

Fig. 3 . Enteromorpha compressa (Ec), Ulva lactuca (U),Acanfhophora najadiforrnis (An),Hypnea musciformis (Hm), PadIna pavonia (Pp),and Sargassum vulgare (Sv).Maximal time
dunng which algae could retain positlve net photosynthetic
activ~tyin water at 37'C. Measurements were done on 6 thalli
of each species at an irradiance of 1000 1.lmol photons m-2 S - ' .
Data are expressed relative to maxunal rates obtained for
each thallus U1 > 3 h

Fig. 4 shows the plants' ability to photosynthesise
during exposure to air, and Fig. 5 the ability to recover
after resubmergence following desiccation. These
responses correlate with one another, as well as with
the various species' vertical locations in the field, in

Fig. 4. Enteromorpha compressa (Ec), Ulva
lactuca (Ul), Acanthophora najadiformis
(An), Hypnea musciformis (Hm), Padina
pavonia (Pp), and Sargassum vulgare (Sv).
Net photosynthetic CO2uptake rates of algae
in air as a function of relative water content
(dunng the course of desiccation). Measurements were done on 4 thalli for each species
at a temperature of 25°C. Data are expressed
relative to maximal rates obtained for each
thallus. Average maximal rates (in ~ m o Cl O 2
g FW-' h - ' i SD) were (Ec) 356 i 59; (Ul) 200
i 81; (An) 148 + 35; (Hm) 92 + 19; (Pp) 35 i 5;
(Sv) 29 * 14

than the others.
Salinity around and in the thalli increases while
algae are exposed during low tide. This thus directly
increases the ionic concentration, but it also reduces
tvater potential (which is another way to cause desiccation) Fig. 6 shows the tvater content and photosynthetic rates after immersion in synthetic seawater of
different salinities (see 'Materials and methods'). Some
of the algae (Acanthophora najadiformis, Hypnea musciformis and Padina pavonia) were more sensitive to
salinity than to desiccation. For example, at 70 % thallus water content (resulting from a 3x seawater concentration), photosynthesis was zero while, during desiccation in air at the same water content, net
photosynthesis was positive (Figs. 4 & 5).This indicates
a direct effect of salinity which might occur if these
plants were exposed.
Regardmg the responses to external inorganic carbon,
most algae showed close to saturated photosynthetic
rates at atmospheric concentrations of CO2during emergence (Fig. ?), and Enteromorpha compressa and Ulva
lactuca were saturated by inorganic carbon in seawater
(Fig. 8).E. compressa, U. lactuca and Sargassurn vulgare
showed very similar photosynthetic rates in air and
in water, but Padina pavonia, Hypnea musciformis and,
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Fig. 7. Enteromorpha compressa (Ec),
Ulva lactuca (Ul), Acanthophora najadiformis (An), Hypnea musciformis (Hm),
Padina pavonia (Pp), and Sargassum
vulgare (Sv). Net photosynthetic CO2
uptake rates of algae in the air as a function of CO2 concentration. Measurements were done on 6 thalli of each species at a temperature of 25°C and an
irradiance of 1600 pm01 photons m-2 S-'.
Data are expressed relative to maximal
rates of each thallus

200

CO,

especially, Acanthophora najadiformisphotosynthesised
at much higher rates in air than in water (Fig. 9).
Differences in photosynthetic rates between air and
water (Fig. 9) might depend on the ambient inorganic
carbon source. Since the absolute concentrations of
CO2 and HC03- within a closed system vary as a function of pH, various concentrations of the 2 carbon forms
were created by injecting buffers into the photosynthetic measuring system during steady-state O2 evolution. The normal inorganic carbon composition at
pH 8.2 (12 pM CO2 and 1845 pM HC0,-) was thus
changed to 195 FM CO2 and 1980 pM HC03- at pH 7.0
and 1665 pM CO, and 530 pM HCO3- at pH 5.5.
Fig. 10 shows the photosynthetic performance of the
algae at the 3 different pH values. The results were

Fig. 8. Enteromorpha compressa (Ec), Ulva lactuca (U]),
Acanthophora najadiformis (An), Hypnea musciformis (Hm), Padina pavonia (Pp), and Sargassum vulgare (Sv). (a) Absolute
rates (iSD) of net photosynthetic 0, evolution of 4 to 6 thalli of
algae when submerged in normal seawater (solid bars) and in
seawater with added inorganic carbon (open bars) measured
at a temperature of 25OC and an irradiance of 1000 pm01 photons m-2 S-' (b) Relative ratios between normal seawater rates
and those obtained with the addition of inorganic carbon (Ci)
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Fig 10. Enteromorpha compressa (Ec), Ulva lactuca (Ul),
Acanthophora najadiformis (An),Hypnea musc~formis(Hrn),
Pad~napavonia (Pp),and Sargassum vulgare ( S v ) .Net photosynthetic O2evolution rates of submerged algae at various pH
values (pH 5.5: solid bars; pH 7.0: open bars; pH 8.2: shaded
bars). Measurements were done on 5 thalli for each species at
a temperature of 25°C and an irradiance of 1000 pm01 photons
m-2 S-' Data are expressed relative to maximal rates obtained for each thallus in normal seawater

Fig. 9. Entc,romorpha coinpressa [Ec),Ulva lactuca (Ul),Acanthophora ndjadiformis ( A n ) ,Hypnea musciformr's ( H m ) , Padina pavonia (Pp),and Sargassurn vulgare (Sv). [a) Absolute
rates of net photosynthetic 0,evolution of 4 to 6 thalli of
emergent (solid bars) and submerged (open bars) algae, measured at a temperature of 25°C and an irradiance of 1000 pm01
photons m-* S-'. (b) Relative ratios between emergent and
submerged rates

at the lower pH values. Acanthophora najadiformis
and Hypnea m~zsciformisphotosynthesised at higher
rates at the lower pH values, indicating that they are
less efficient HCO3- users (and therefore have a higher
afflnity for CO,). This is also supported by the findings
that photosynthetic rates in the air, where only CO2is
present, are high (Fig. 9 ) . Padina pavonia and Sargassum vulgare also showed higher rates at lower pH values, indicating that they also prefer CO:, to HC03-.

DISCUSSION

calculated relative to initial photosynthetic rates of
each thallus measured in natural seawater (before the
buffer addition). Although the buffers used to vary the
pH are 'biological' buffers, and thus ideally should not
influence metabolism, the possibility of metabolic
effects can not be excluded here. This is exemplified at
pH 8 . 2 , which is the normal pH of seawater, but which,
when maintained w ~ t hTris, usually caused lower photosynthetic rates than those found in natural seawater.
In addition, the lower pH per se of the other buffers
used could also have affected photosynthetic rates.
Enteromorpha compressa and Ulva lactuca show
almost the same rates at all pH values and, therefore
(as was also found in other experiments; Fig 8),
seemed to saturate their photosynthetic systems by the
ambient inorganic carbon content of seawater. Since
the inorganic carbon concentration is composed
mainly of H C 0 3 - at pH 8.2, it is indicated that these
species are good H C 0 3 - users and, therefore, take no
advantage of the re1ativel.y higher CO2 concentration

Plants living within the intertidal zone are exposed
to extremely varying conditions during the tidal cycle.
Such conditions are most harsh for benthic algae in the
high intertidal, where factors causing desiccation
and/or critical temperatures dictate the upper limit for
growth. The ability to compete and grow high up in
the zone will thus largely depend on physiological
responses to such abiotic factors (cf. Chapman 1965).
In the intertidal zone of tropical and subtropical
regions such as the Israeli coast, extremely contrasting
growth conditions can be found within a very short distance (the mean tidal amplitude in the Mediterranean
is only ca 30 cm), from complete immersion in seawater
to almost complete exposure to an arid atmosphere
during low tide. Under these conditions, winds and
waves are also of importance in determining the
degree of moisture of the thalll. Sometimes easterly
winds smooth the sea and this, along with the dryness
of such winds, may cause the death of algae growing
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high up on the rocks. On the other hand waves, especially in the summer, are important in wetting the
exposed plants.
Tolerance to water loss during emergence and, especially, the degree of photosynthetic recovery upon resubmergence have been viewed as physiological requirements for algae growing high up in the intertidal
(e.g. Beer & Kautsky 1992, Dring & Brown 1992). This
also seems to be the case for the algae studied here (Figs.
4 , 5 & 6). Ulva lactuca and Enteromorpha compr-essa thus
thrive high up in the zone because of their relative tolerance to desiccation (while their ultimate upper limit for
growth is determined by conditions of severe desiccation). On the studied shore, only Porphyra lineans features an even higher resistance to desiccation (Lipkin et
al. 1993),but other species of the zone do not show such
durability and, therefore, do not compete with E. con]pressa and U. lactuca in their niche. The abhty of at least
U. lactuca to withstand high temperature for prolonged
time periods (Fig. 4) is likely also an important component of its survival strategy in the upper intertidal. Resistance to low temperatures (Fig. 2) may also allow E.
compressa to thrive in the winter months when, indeed,
it is the most abundant alga of the shore.
Photosynthetic rates of Enteromorpha compressa
and Ulva lactuca are close to carbon-saturation in air
(Fig. 7) and are carbon-saturated in seawater (Figs. 8 &
9). Thus they, like many other algae (Sand-Jensen &
Gordon 1984, Brechignac et al. 1986, Cook et al. 1986,
Beer & Shragge 1987, Raven et al. 1989, Surif & Raven
1989, 1990, Madsen & Maberly 1990, Israel & Beer
1992), are good HC03- users (Fig. 10). It has been
shown that U. lactuca features a CO2-concentrating
mechanism (Beer et al. 1990), and it is likely that
HC03- use is the basis for such a system (Drechsler &
Beer 1991). Based on our results, there does not seem
to be any physiological limitation that would prevent
U. lactuca and E. compressa from growing submerged,
and biotic factors therefore probably contribute in
determining the lower limit of their populations. Usually, when abiotic factors are not very stressful, biotic
factors such as grazing and competition become more
important (Slocum 1980, Paine & Levin 1981, Moreno
& Sutherland 1982, Littler & Littler 1984). Lundberg
(1980, 1981) found that E. compressa and U. lactuca
are preferred by herbivorous fish, which could be a
reason why they do not thrive when totally submerged
(where the fish could reach them all the time). Many
investigators view the upper limit of intertidal algal
zonation to be set by abiotic factors while the lower
limit is determined by biological ones (Hodgson 1980,
Foster 1982, Cubit 1984, Dring 1994): the attributes of
these green algae support this view.
Growing high on intertidal rocks has its benefits, and
often large stands of the green algae Ulva lactuca and

Enteromorpha compressa can be found tied to the substrate. However, sometimes this habitat can be too
harsh. Wave action is critical for the exposed populations, especially in summer during extremely hot and
dry weather caused by southeastern winds known as
'khamsins', which can smooth the sea for several days.
During this time, most upper-intertidal populations dry
and die. In the wintertime, when the waves are high,
plants developing large thalli are detached from the
rocks by the strong surf. Recovery of the population
after such catastrophes may take months (Einav 1993).
The best correlation between the vertical placement
of algae and their physiological response was found for
the 2 red algae Acanthophora najadiformis and Hypnea musciformis. These species occupy a very narrow
belt of the mid littoral, where they are exposed to air
intermittently during the day, but are always made wet
again by the waves (Table 1).They cannot grow higher
up since they are very sensitive to atmospheric influences such as high temperature (Fig. 3), desiccation
(Figs. 4 & 5) and salinity (Fig. 6), but at the same time
they exhibit 3 to 5 times higher photosynthetic rates in
air than in water (Fig. 9). These algae perform poorly
when totally submerged (as implied by their carbonlimitation in seawater; Fig. 8), probably because they
are poor HCO3- users (as indicated by their lower
photosynthetic rates during immersion at high than at
low pH; Fig. 10). Since, according to Lundberg (1980,
1981). they are not eaten by herbivorous fish. we can
thus point to 2 purely physiological responses to abiotic parameters which likely determine both their
upper and lower limits of distribution: they benefit
from exposure as long as they do not desiccate too
much and would suffer from total submergence since
photosynthetic rates in seawater are low.
The lower range of the intertidal, and the shallow
subtidal, is occupied mostly by Padina pavonia (which
ha.s a very wide vertical distribution) and Sargassum
vulgare (which is rarely exposed). They are very sensitive to atmospheric influences (Figs. 3, 4 , 5, 6 & 7),
which prevent them from growing higher up. P. pavonia photosynthesises faster in air than in water, while S.
vulgare apparently does not benefit from exposure
(Fig. 9). This might be a partial explanation of the wider
distribution of P. pavonia. Neither species of brown alga
is carbon-saturated in seawater (Fig. 8), and they can
use more inorganic carbon if provided as CO2 (Fig. 10).
Still, they appear in large amounts in the subtidal were
they are far from carbon-saturation. The restriction of
the brown algae to the lower part of the zone can not be
readily explained by the present results.
In summary, it seems that ecophysiological responses
enable Enteromorpha compressa and Ulva lactuca to
grow high up in the Israeli intertidal zone where competition from other species, which are more sensitive to

228

Mar Ecol Prog Ser 125.219-228, 1995

emergent conditions, is virtually absent. The sensitivity
of Acanthophora najadiformis a n d Hypnea m usciforrnis
to atmospheric influences, in combination with their
preference for atmospheric CO2,dictates their growth
in the turbulent mid intertidal. In the lower part of the
intertidal zone, it seems that biotic rather than abiotic
factors determine the distribution of algae.
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