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INTRODUCTION

Terrestrial vegetated habitats, rocky shores, coral
reefs, salt marshes and many other habitats are domi-
nated by organisms that, by their own presence, mod-
ify the physical conditions of the environment (Jones et
al. 1994, Callaway et al. 2002, Bruno et al. 2003). These
organisms that by means of their own structures mod-
ify the environment are named autogenic ecosystem
engineers (sensu Jones et al. 1994). The 3D structure
created by them can have profound effects on commu-
nity structure (Gilinsky 1984, Hacker & Steneck 1990,
Downes et al. 1998) and, in general have positive effect
on species abundances and species richness (e.g.
MacArthur & MacArthur 1961, Murdoch et al. 1972,
Gilinsky 1984, Dean & Connell 1987, Crooks 2002,
Fogel et al. 2004). Nevertheless, the response of indi-

vidual species to 3D structures created by autogenic
engineers may not be necessarily positive because
organisms do not respond to the physical structure per
se, but to some resource associated with it (Jones et al.
1997, Gutiérrez & Iribarne 2004).

Turf-forming coralline algae are known to create
physical structures (Kelaher 2002, 2003) that amelio-
rate desiccation stress and provide refuge from preda-
tors, positively affecting many organisms (Kelaher et
al. 2003) and creating extremely rich macrofaunal
assemblages (Kelaher et al. 2004). Corallines can also
generate hard surface suitable for the attachment of
fast growing fleshly algae and decrease desiccation,
allowing settlings to survive (Johnson & Mann 1986).
Nevertheless, it is reasonable to expect that while des-
iccation stress is ameliorated inside the coralline
matrix it may not be the same above it. Thus, the effect
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of coralline algae on epiphytes would not necessarily
be positive.

In this study, we focused on the host-epiphyte inter-
actions between the sea lettuce Ulva lactuca Linnaeus
1753 and the turf-forming algae Corallina officinalis
Linnaeus 1758. C. officinalis is a widely distributed
species that is dominant in many intertidal habitats
(see Kelaher et al. 2004) including the coast of the
Argentinean Patagonia (Helbling et al. 2004). Our pre-
vious observations suggested that when U. lactuca is
found growing above C. officinalis patches, its cover is
less than when growing alone. This appears to be due
to smaller mats, not to reduced density. Furthermore,
U. lactuca living inside C. officinalis patches appears to
have damaged fronds and to be more dehydrated dur-
ing low tide (P. Daleo pers. obs.). This may indicate that
the amelioration of desiccation stress produced by
coralline turfs, which positively affect epifaunal organ-
isms, is negatively correlated with increasing size of
associated organisms such as macroalgae. Thus, given
that the response of U. lactuca may depend on the
modification of resources (i.e. humidity) but not on the
structure per se (see Gutiérrez & Iribarne 2004), we
hypothesized that C. officinalis may negatively affect
U. lactuca by modifying surface topography and
increasing desiccation stress.

MATERIALS AND METHODS

Study site. Field experiments and observations were
conducted at San Antonio Bay (Argentina: 40° 45’ S,
65° 55’ W) from September 2003 to March 2004. This is
an 80 km2 embayment affected by up to 9 m semidiur-
nal tides. The intertidal zone is characterized by sandy
pebble flats at lower tidal elevations (i.e. 0 to 4 m above
the mean low tide level [hereafter MLTL]), and salt
marshes dominated by the smooth cordgrass Spartina
alterniflora at higher tidal elevations (i.e. 4 to 10 m
above MLTL). This site is an important biodiversity
reserve in northern Patagonia, and is part of the West-
ern Hemisphere Shorebird Reserve Network Interna-
tional (WHSRN) due to its importance as a stopover site
for neotropical migratory shorebirds (Morrison & Ross
1989). At this site, Corallina officinalis grows to form
patches interspersed with zones without turf (P. Daleo
pers. obs.).

Patterns of distribution of Ulva lactuca. To evaluate
the hypothesis that the vertical distribution of Ulva lac-
tuca is different in zones with and without Corallina
officinalis, transects across the intertidal and parallel to
the intertidal slope were established in zones with and
without C. officinalis (10 zones of each type, 1 transect
per zone). Eleven square sampling plots (0.5 m2) were
established along each transect at height intervals of

0.3 m, and the cover of U. lactuca was visually estima-
ted (10% scale; see Dethier et al. 1993) at each of these
plots. A factorial ANOVA with 3 factors — Habitat type
(fixed, 2 levels); Transect (random, 10 levels and
nested within Habitat) and Tidal level (fixed, 11 levels,
crossed with Habitat and Transect [Habitat]) — was
used to evaluate the relationship between presence/
absence of C. officinalis, location along the intertidal
slope, and the interaction between both factors on U.
lactuca cover (see Underwood 1997). Tukey post hoc
comparisons (Underwood 1997) were conducted on
the significant interaction term in order to evaluate dif-
ferences in U. lactuca cover between zones with and
without C. officinalis at each specific tidal height.

To evaluate if Ulva lactuca density varies due to the
presence of Corallina officinalis, U. lactuca mats were
counted in zones covered and uncovered by C. offici-
nalis located 1 m height above MLTL. In each zone
15 square plots (0.5 m side) were established. The H0 of
no difference in U. lactuca density between both zones
was analyzed with a t-test (Zar 1999).

To evaluate if the biomass of individual Ulva lactuca
mats differ between zones with and without Corallina
officinalis, individual mats of U. lactuca were randomly
sampled at 1 m height above MLTL in zones covered
by C. officinalis and bare substrate (n = 23 per zone).
Ulva lactuca mats were dried (70°C during 48 h) and
weighed (precision 0.001 g). The H0 of no difference in
U. lactuca dry weight between zones covered by
C. officinalis and bare substrate was evaluated with a
t-test (Zar 1999).

Effect of Corallina officinalis on the biomass of indi-
vidual Ulva lactuca mats. A transplant experiment was
performed to evaluate the hypothesis that Corallina
officinalis affects the biomass of Ulva lactuca. The
experiment consisted of the following treatments
(9 replicates each): (1) U. lactuca from zones without
C. officinalis transplanted to zones with C. officinalis
(transplanted), (2) U. lactuca from zones with C. offici-
nalis transplanted to zones without C. officinalis (trans-
planted), (3) U. lactuca from zones without C. officinalis
translocated to zones without C. officinalis (translo-
cated; control for manipulation and relocation effects),
(4) U. lactuca from zones with C. officinalis translocated
to zones with C. officinalis (translocated; control for ma-
nipulation and relocation effects), (5) U. lactuca from
zones without C. officinalis not transplanted (unmanip-
ulated; control), and (6) U. lactuca from zones with C.
officinalis not transplanted (unmanipulated; control).
Ulva lactuca mats were transplanted by relocating indi-
vidual mats together with 10 × 10 mm portion of C. of-
ficinalis turf or the stone (approximately 10 × 10 ×
10 mm) to which they were attached. Individual mats
were demarcated with iron stakes. The transplanted
and control mats were located 1 m above MLTL.
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The experiment started on November 3, 2003
(spring). After 45 d, the transplanted and control mats
were collected and their dry weight measured as
explained above. Three models can be proposed to
explain patterns of difference in the biomass of Ulva
lactuca mats in zones with and without Corallina offic-
inalis: (1) because C. officinalis affects U. lactuca mats
(our hypothesis), (2) mats are different between zones
but not because of zone characteristics, and (3) a com-
bination of both (see Crowe & Underwood 1998,
Underwood et al. 2004). Following Zar (1999), 2 sepa-
rate 2-way ANOVAs were conducted to distinguish
among models. In both analyses one of the factors was
Treatment (fixed, 3 levels: unmanipulated, translo-
cated, and transplanted); however, in one analysis the
second factor was the original zone to which the mat
belonged (thereafter ‘Origin’), whereas in the other
analysis the second factor was the zone in which the
mat was at the end of the experiment (thereafter ‘Des-
tination’) (see Underwood et al. 2004). Under Model 1
the analysis from the origin point of view will show
interaction while that from the destination point of
view will only show significant differences between
destinations. This contrasts with predictions of Model 2
(only origin effect from the origin point of view and
interaction from the destination point of view). Model 3
predicts interactions from both points of view (see
Crow & Underwood 1998, Underwood et al. 2004).

Effect of desiccation on Ulva lactuca mats growing
above Corallina officinalis. Given that the previous
experiment showed a negative effect of Corallina offic-
inalis on the biomass of individual Ulva lactuca mats
(see ‘Results’), we conducted an experiment to evalu-
ate the hypothesis that such an effect is caused by des-
iccation. The experiment consisted of 3 treatments (10
replicates each): (1) mats in which the turf and mat
were removed as intact as possible in a 0.3 m2 area and
substrate level was excavated to 0.1 m depth to allow
water to form pools, before redeployment of the
coralline turf and U. lactuca mats (RL treatment), (2)
mats identical to (1) but without excavating to 0.1 m
depth, thus redeployment without modification of the
substrate level (RNL treatment; control for algae
removal and relocation), and (3) mats in plots undis-
turbed (C treatment; control). The experiment was
started on December 21, 2003 (early summer) and,
after 60 d, mats were collected and their dry weight
measured as explained above. The H0 of no differences
between treatments was evaluated with 1-way
ANOVA (Zar 1999).

Surface topography in zones with and without
Corallina officinalis. To evaluate the hypothesis that
substrate topography is different in zones with and
without Corallina officinalis, a 0.5 m long metal ruler
was randomly deployed in zones with (n = 13) and

without (n = 11) coralline turf. The number of contacts
between the ruler and the substrata surface (of
coralline turf or sediment), the length of each contact,
and the maximal vertical distance between the ruler
and the substrata surface (between contacts) were
measured. Each of those variables was considered to
reflect substrate complexity. Thus, flat substrata would
have few large contacts with little distance between
the ruler and the substrata surface, while complex sur-
faces would have larger numbers of small contacts and
a greater distance between the ruler and the substrata
surface. Although there are indexes to characterize
surface topography (e.g. Beck 1998, Hills et al. 1999,
Commito & Rusignuolo 2000), we used this simple
method because it better allowed us to evaluate
changes in surface relief due to the presence of
coralline algae (compared to empty flat zones). The H0

of no difference in the variables measured between
zones with and without coralline turf were analyzed
with t-tests (Zar 1999).

Effect of Corallina officinalis surface topography on
Ulva lactuca. To evaluate the hypothesis that the effect
of Corallina officinalis on Ulva lactuca is related to the
topography of C. officinalis turf, experiments with
coralline surface mimics were performed on January
28, 2004 (summer). Square surface mimics (0.5 m side
length, 0.1 m height) were built with fast bonding foam
(1-component polyurethane foam, moisture curing)
from negative molds obtained in the field using the
same product. Mimics were attached to paving tiles
(0.5 m2) to prevent flotation. The experimental design
consisted of 3 treatments with 13 replicates each:
(1) U. lactuca transplanted to zones without C. offici-
nalis (W), (2) U. lactuca transplanted to zones with C.
officinalis (C), and (3) U. lactuca transplanted to mimics
surfaces of C. officinalis (CM). All mats used for this ex-
periment were randomly taken from zones without C.
officinalis. After 45 d, mats were collected and their dry
weight was measured. The H0 of no difference in dry
weight of U. lactuca mats between treatments was
evaluated with ANOVA (Zar 1999). Bonferroni correc-
tions were made in the pairwise comparisons described
in this and previous sections (see Rice 1989).

RESULTS

Patterns of distribution of Ulva lactuca

Results of factorial ANOVA indicated that Ulva lac-
tuca cover varies between zones with and without
Corallina officinalis, depending on the intertidal level
(i.e. C. officinalis × Tidal level interaction; Table 1).
Main effects of presence/absence of C. officinalis and
tidal level were not considered since the significant
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interaction between these factors indicates that they
are not independent (see Underwood 1997). At the
level of the height on the shore where C. officinalis
patches are found (i.e. 0.3 to 2.1 m height from the
MLTL), the cover of U. lactuca was less in zones with
C. officinalis (Fig. 1). There were no differences in U.
lactuca cover between the zones with and without C.
officinalis at tidal levels where C. officinalis were not
present (i.e. 0 to 0.3 and 2.1 to 2.7 m above MLTL,
respectively; Fig. 1).

There was no difference in the number of mats of
Ulva lactuca between zones with and without coralline
turf (Xwithout = 21.67 mats per sample station, SD = 5.91;
Xwith = 20.33 mats per sample station, SD = 8.78; t =
0.488, df = 28, p > 0.1). However, the dry weight of
mats of U. lactuca was greater in zones without Coral-
lina officinalis (Xwithout = 2.8 g, SD = 1.09; Xwith = 0.65 g,
SD = 0.39; log transformation; t = 11.27, df = 44, p <
0.001).

Effect of Corallina officinalis on the biomass of
individual Ulva lactuca mats

From the origin point of view, there was a significant
Interaction effect (log transformed data, F2,48 = 36.43,
p < 0.001; Fig. 2A) while from the destination point of
view there was only a significant Destination effect

(log transformed data, F1,48 = 78.44, p < 0.001) but no
Treatment (log transformed data, F2,48 = 1.24, p = 0.29)
nor Interaction (F2,48 = 0.32) effect (Fig. 2B) on the dry
weight of Ulva lactuca mats.

Effect of desiccation on Ulva lactuca mats growing
above Corallina officinalis

At the end of the experiment, mats from treatments
within the Corallina officinalis zones with the surface
lowered showed greater dry weight than mats from
controls (log transformation; F2,27 = 7.59, p < 0.005;
Fig. 3A).

Surface topography in zones with and without
Corallina officinalis

The number of contacts between the ruler and the
surface was higher (t = 4.84, df = 22, p < 0.01), the mean
length of the contacts in 0.5 m was less (log transforma-
tion; t = 12.26, df = 22, p < 0.001), and mean maximal
distances between the ruler and the surface were
greater (t = 6.74, df = 22, p < 0.001) in zones with
coralline turf than without turf.

Effect of Corallina officinalis surface topography
on Ulva lactuca

At the end of the experiment, the dry weights of Ulva
lactuca mats from the treatments with Corallina offici-
nalis (C) and with mimics of C. officinalis (CM) were
lower than mats from treatments without C. officinalis
(log transformation; F2,36 = 50.11, p < 0.001; Fig. 3B).
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Source df MS F p

C. officinalis 1 76782.27 21.46 <0.001
Tidal level 10 8519.27 2.38 0.09
C. officinalis × Tidal level 10 3567.27 11.02 <0.001
Transect (C. officinalis) 18 407.53 1.26 0.2
Error 198 383.03

Table 1. Results of factorial ANOVA showing effect of
presence/absence of Corallina officinalis, tidal level, and
interaction between the 2 factors on the cover of Ulva lactuca
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There was no difference in dry weight between mats
transplanted to real C. officinalis turf and mats trans-
planted to turf mimics (Tukey’s HSD test post ANOVA).

DISCUSSION

The percentage cover of Ulva lactuca was less inside
Corallina officinalis patches. In zones with C. offici-
nalis, cover of U. lactuca was higher in the high subti-
dal (sample station 1; –0.3 m from low tide) and the low
intertidal than in the mid and high intertidal. This pat-
tern contrasted with the distribution pattern of C. offic-
inalis and is the reverse to the pattern described for
coralline turf-forming algae elsewhere (i.e. Sydney,
Australia; Coleman 2003), where corallines are more
abundant in the subtidal and their epiphytes in the
intertidal. Coralline species are known to prevent
overgrowing by fleshly algae using different mecha-
nisms including synthesis of antifouling compounds
(Kim et al. 2004), creation of refuge for herbivores that
control epiphytes (Paine 1980, Steneck 1982), and thal-
lus shedding (Johnson & Mann 1986). In addition, it
has been suggested that the microtopography of the
coralline surface can prevent epiphyte recruitment by
exposing germlings to mechanical dislodgement
(Figueiredo et al. 1997). However, no single process
appeared to be important in this study system.

Less Ulva lactuca cover inside coralline patches was
not a consequence of a less mat density but a conse-
quence of smaller mat sizes (measured as dry weight).
Experimental evaluation of the effect of Corallina offic-
inalis on U. lactuca showed that the differences in mat
dry weight between zones (with and without C. offici-
nalis) reflected a property of the zones (i.e. the pres-
ence of C. officinalis affects U. lactuca). Although the
experimental design lacked a manipulation control
(manipulation of mats before placing them back in
their original position), which impeded us from distin-
guishing between the effect of moving organisms to a
strange site and the effect of disturbing them (see
Chapman 1986, Crow & Underwood 1998, Honkoop et
al. 2003, Underwood et al. 2004), translocation treat-
ment allowed evaluation of the net effect. This design,
although not ideal (see Crow & Underwood 1998,
Honkoop et al. 2003, Underwood et al. 2004), is still
useful to evaluate our hypothesis. In coralline turfs and
crusts, the presence of herbivores that graze and limit
epiphytes is well known (Paine 1980, Steneck 1982,
Karez et al. 2004), and the hypothetical presence of a
grazer in C. officinalis turf can explain observed pat-
terns and experiment results. Nevertheless, U. lactuca
regenerated their fronds when transplanted to C. offic-
inalis patches where surface level was lowered to
allow the permanence of pools during low tide. This

indicated that desiccation is a primary cause of
decreases in U. lactuca mat size.

Experimental evaluation of the effect of topography of
Corallina officinalis showed that coralline turf mimics
also have negative effects on Ulva lactuca mat size,
which suggested that surface topography is causing this
effect. The mimic experiment lacked adequate controls
for artifacts associated with the manipulation of U. lac-
tuca mats (there was neither an unmanipulated treat-
ment nor a disturbance control, see Chapman 1986),
which limited the interpretation and extrapolation to the
real situation. Nevertheless, the absence of effects of
translocation in the reciprocal transplant experiment
may have indicated that there is not an artifact associ-
ated with manipulation procedure, and that observed ef-
fects can be interpreted as a result of differences in sur-
face topography of treatments rather than as artifact
effects. Dry weight of mats after transplantation to nat-
ural coralline turf was not different to that of mats trans-
planted to turf mimics. However, we observed a trend
that the dry weight of mats from real coralline turf was
reduced compared to that of mats transplanted to turf
mimics (see Fig. 3B), which indicated that another
process may also be influencing this interaction.

Desiccation is known to be one of the most important
abiotic factors that influences species distribution and
community structure in intertidal habitats. Several
models describe that the upper limit of distribution of
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intertidal species is often determined by tolerance to
desiccation (Johnson et al. 1998, Bertness 1999). Lack of
water entails not only an increased exposure to high
temperatures and loss of internal water but also an in-
creased exposure to solar radiation that can inhibit
growth and damage tissues (Huppertz et al. 1990,
Bischof et al. 2002). Although it probably traps water in-
side its matrix, Corallina officinalis may increase desic-
cation stress at the surface. This effect may be because
the surface of C. officinalis turf amplifies the roughness
of the substrate, producing more and deeper irregular-
ities as it grows. The Patagonian climate is character-
ized by constant and often intense winds and low hu-
midity (Paruelo et al. 1998). These conditions increase
evaporation, and are likely to interact with the rough-
ness contributed by coralline turf to generate a habitat
for epiphytes that is more exposed to wind desiccation.

Increasing terrestrial discharge of nutrients into
coastal waters and the subsequent increase in the
cover of fleshly fast growing algae (Raffaelli et al.
1998) can generate large changes in intertidal commu-
nity structure (Menge 1992, Valiela et al. 1997). One of
the major effects of eutrophication on estuarine habi-
tats is the periodic and massive cover of intertidals by
fast growing ephemeral algae (Rosenberg 1985) that
are efficient in N uptake (Carpenter 1990). Canopies of
those algae can negatively affect the previously domi-
nant species (Hauxwell et al. 2001) and finally affect
the whole community (Carpenter et al. 1985). Under
high N supply, green fleshly algae, for example, have
high growth rates and usually out-compete slow grow-
ing brown and red algae (Pedersen 1995, Pihl et al.
1999). The Patagonian coasts are not exceptions of this
global process (Piriz et al. 2003), and waste waters gen-
erate local increases of Ulva spp. (Piriz et al. 2003).
However, habitat modification by Corallina officinalis
limits the development of U. lactuca mats, which may
be important to maintain community integrity and
species diversity, particularly when taking into
account the importance of turf-forming algae in creat-
ing habitat for many organisms (Kelaher et al. 2003).

In extreme environments with strong abiotic forces,
autogenic ecosystem engineers can have important
influences on community structure (Jones et al. 1997,
Bruno et al. 2003). This is not only because positive
interactions are often very important in harsh environ-
ments (Bertness & Leonard 1997, Hacker & Gaines
1997), but also because the effect of ecosystem engi-
neering on other species can be negative and even
drive certain species to exclusion (see Connell 2003).
An autogenic ecosystem engineer that has positive
effects on many species, and generates extremely rich
assemblages of invertebrates (see Kelaher 2002, Kela-
her et al. 2003, 2004), can also negatively affect other
species.
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