
INTRODUCTION

Space is usually the main limiting resource 
for sessile organisms in rocky intertidal sub-
strates (Branch, 1975; Bertness, 1989; Levinton, 
2009). Crowding and interference among indi-
viduals of the same or different species often re-
duce individual survival, growth or reproductive 
success (Branch, 1975; Boaventura et al., 2002; 
Iveša et al., 2010; Quinn et al., 2012). When com-
petition for space occurs between individuals of 

different species (i.e., interspecific competition), 
both species can coexist at a given spatial scale 
but have segregated distributions at finer scales 
(Rius & McQuaid, 2006; Levinton, 2009). In such 
a case, the species with a higher rate of growth 
will be the most successful competitor for space 
(Levinton, 2009) causing negative impacts on the 
abundance, growth, and fine scale distribution of 
the competitively inferior species. 

It is often found that competition for space 
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Abstract: Competitive interactions between individuals from a single or different species can regulate population 
densities and individual growth. Two mussel species, Brachidontes rodriguezii and Perumytilus purpuratus coex-
ist in the rocky intertidal zone of La Lobería, Río Negro Province, Argentina. The aim of this study was to analyse 
the effect of intra- and interspecific competition growth and mortality of both bivalve species. An experiment was 
conducted to evaluate the intra- and interspecific competition using asbestos cement plates of 10 x 10 cm varying 
mussel densities. The width of P. purpuratus showed a significant increase in presence of B. rodriguezii. There 
also was a non-significant trend toward decreasing B. rodriguezii size with increasing density of conspecifics 
and when coexisting with P. purpuratus. Mortality of B. rodriguezii and P. purpuratus did not differ significantly 
among treatments. Limited supply of P. purpuratus larvae or local tidal conditions that differentially affect each 
species could be leading to weak competition between both mussel species, thus allowing their coexistence.
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Resumen: Competencia entre mitílidos en el intermareal rocoso de La Lobería, Río Negro, Argentina. 
Las interacciones competitivas entre individuos de una misma o distintas especies pueden regular las densida-
des poblacionales y el crecimiento individual. Dos especies de mitílidos, Brachidontes rodriguezii y Perumytilus 
purpuratus, coexisten en el intermareal rocoso de La Lobería, provincia de Río Negro, Argentina. El objetivo de 
este trabajo fue analizar el efecto de la competencia intra- e interespecífica sobre el crecimiento y la mortalidad 
de ambas especies de bivalvos. Se realizó un experimento para evaluar la competencia intra- e interespecífica 
utilizando placas de fibrocemento de 10 x 10 cm variando las densidades de mitílidos. El ancho de P. purpuratus 
mostró un aumento significativo ante la presencia de B. rodriguezii. Se observó también una tendencia no sig-
nificativa hacia la disminución de tallas de B. rodriguezii al aumentar la densidad de coespecíficos y al coexistir 
con P. purpuratus. La mortalidad de B. rodriguezii y P. purpuratus no mostró diferencias significativas entre 
tratamientos. Un limitado arribo de larvas de P. purpuratus o condiciones locales del intermareal que benefician 
diferencialmente a las especies podrían llevar a que los efectos de competencia entre estas sean débiles, haciendo 
posible la coexistencia.
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within a species (i.e., intraspecific competition) 
is much stronger than interspecific competition 
(Bertness, 1989; Boaventura et al., 2002). This 
is generally attributed to the fact that individuals 
of the same species tend to use spaces in a more 
similar way than individuals of different species 
(Firth & Crowe, 2010; Quinn et al., 2012). Strong 
evidence in this regard was found for the limpet 
Patella vulgata Linnaeus, 1758, in Portugal (indi-
vidual size and weight were more strongly affect-
ed by conspecifics than individuals from a sec-
ond species; Boaventura et al., 2002). However, 
competition is a density-dependent process and 
the relative importance of interspecific and in-
traspecific effects will ultimately depend on the 
relative densities at which each species occurs 
(Boaventura et al., 2002; Rius & McQuaid, 2009; 
Iveša et al., 2010). Furthermore, the strength of 
intraspecific or interspecific effects may not dif-
fer between species that are similar in morphol-
ogy or other traits related to space occupancy 
and/or use. 

The aim of this study was to analyze the 
effect of intra- and interspecific competition 
in the growth and mortality of the bivalves 
Brachidontes rodriguezii (d’Orbigny, 1846) and 
Perumytilus purpuratus (Lamarck, 1819). Either 
one or both of these species dominate the sessile 
invertebrate assemblages in rocky intertidal areas 
of the Northern Argentinean coast, with B. rod-
riguezii occurring from 32°10’ to 42°58’S (Rios, 
2009; Trovant et al., 2013) and P. purpuratus oc-
curring from 2°00’S-77°30’W to 41°8’S-63°10’W 
(Sánchez & Zaixso, 1995; Prado & Castilla, 2006; 
Rios, 2009; Trovant et al., 2015). Both species oc-

cur in high densities at the mid intertidal zone 
—up to 200 000 ind.m−2 of B. rodriguezii and 40 
000 ind.m−2 of P. purpuratus— (Penchaszadeh, 
1973; Arribas et al., 2013) and are very similar 
in their biology and morphology (Adami et al., 
2013). Sites occurring along the range where 
both species coexist (41° to 43° S), provide a 
good opportunity to evaluate the importance of 
intra- and interspecific competition in regulating 
population densities and individual growth. We 
tested the hypothesis that the interaction among 
individuals of the same species and/or among in-
dividuals of different species generates changes 
in organism sizes and mortality. 

MATERIAL AND METhODS

Study area
The experiment was conducted in the rocky 

intertidal zone of La Lobería, Río Negro prov-
ince (41° 09’S-63° 07’W), where both bivalve spe-
cies coexist (Adami et al., 2004; Liuzzi & López 
Gappa, 2008). This site is characterized by a 
macrotidal regime with high tides average of 
4.41 meters, upper intertidal areas where gravel 
and sand accumulate, and a mid to low intertidal 
zone occupied by platforms made of consolidated 
sediments from the Río Negro formation (i.e., 
fine- to mid-grained sandstone with laminar to 
cross-bedded stratification and silty mudstones, 
Kokot et al., 2004). 

Sampling
An experiment was conducted from March 

2012 to March 2013 in the mid intertidal zone to 
test for competition between the two mussel spe-
cies. The experimental design included treatments 
combining different densities of the two mussel 
species, which allowed simultaneously examine 
intra- and interspecific competition. The experi-
mental mussels were collected from the mid in-
tertidal zone, determined to species level, and 
measured. Then, they were kept in aerated sea-
water overnight to allow them to aggregate and 
regenerate their byssus. The experimental units 
consisted of plates (10 x 10 cm), where mussels 
ranging 10-15 mm long were first covered with a 
5 mm mesh to keep them firm in the plates until 
they have attached (Fig. 1). After 3 and 6 months 
meshes were loosened to minimize any potential 
mesh-induced restriction on mussel growth, but 
were still kept tied to the plates to help main-

Fig. 1. Mussels in asbestos cement plates (10 x 10 cm) 
on the rocky mid intertidal at La Lobería.
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taining the mussels in place. Treatments are 
detailed on Table 1. The number of mussels in 
each treatment corresponds to the natural av-
erage density of mussels in the field, except for 
treatments with 25 B. rodriguezii, which were 
added for comparison with natural P. purpura-
tus densities. Five replicates per treatment were 
positioned at random across two sites. Twelve 
months later, replicates were removed and taken to 
the laboratory where the final size and mortality 
(estimated from the number of empty articulated 
mussel shells in the plates) of B. rodriguezii and 
P. purpuratus were measured for each sampling 
unit. Three measures of mussel size were taken 
using a calliper (± 0.01 mm), length (L), height 
(h) and width (W, Fig. 2), since not all measures 
can necessarily be affected by competition. The 
mean of these response variables was calculated 
for mussels in each plate both at the beginning 
and at the end of the experiment. Competition 
was identified by lower size increments or in-
creased mortalities of mussels. 

Data analysis
Due to the loss of several replicates after 12 

months, data was analysed only for one of the two 
experimental sites. One-way ANOVA was used 
to analyse size and mortality for B. rodriguezii 
data (treatments as fixed factor) and a t-Student 
test was used for P. purpuratus data. The treat-
ment with 150 B. rodriguezii-25 P. purpuratus 
was eliminated from the analysis (because of loss 
of several replicates) and only three replicates 
out of the original five were used. homogeneity 
of variances was evaluated by Cochran’s test, 
which was not significant in all cases. Due to 
the large loss of replicates, the statistical power 
(Tosta, 2013) of the tests (PE: percent statistical 
power) was calculated for size and mortality of B. 
rodriguezii and P. purpuratus. 

RESULTS

Average length, height and width of 
Brachidontes rodriguezii shells did not differ sig-
nificantly among treatments (Table 2, Fig. 3). 

Perumytilus purpuratus width increments 
differed significantly between treatments (Table 
3). The width of P. purpuratus was 19% higher in 
the 25 B. rodriguezii-25 P. purpuratus treatment 
than in the 25 P. purpuratus treatment (Fig. 3C). 
Differences between treatments in P. purpuratus 
length increments approached significance (p = 
0.06) and the power of the test was low (52.6%), 
which suggests that lack of significance in this 
case might be due to low sample size. PE percent-
ages for P. purpuratus (Table 3) were an order 
of magnitude higher than those of B. rodrigu-
ezii (Table 2), which indicates that probability of 
incurring in Type II was lower in the analyses 

Fig. 2. Variables measured on both mussel species 
during the competition experiment (L = length, h = 
height and W = width). A) Brachidontes rodriguezii. B 
and C) Perumytilus purpuratus. Scale bar: 10 mm.

Treatments

1 2 3 4 5

Brachidontes 
rodriguezii

25 150 150 0 25

Pe r u m y t i l u s 
purpuratus

0 0 25 25 25

Table 1. Experimental design used to study intra- 
and interspecific competition between mussels 
Brachidontes rodriguezii and Perumytilus 
purpuratus. The values in the cells indicate 
the number of mussels per plate. Natural 
densities used were 25 and 150 individuals per 
100 cm² for P. purpuratus and B. rodriguezii, 
respectively. Treatment 3 was eliminated from 
the analysis because of loss of several replicates.
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concerning P. purpuratus. Nonetheless, PE was 

still well below customary acceptable levels (i.e., 

80%) for P. purpuratus length and height.

Brachidontes rodriguezii percent mortality 

did not differ significantly among treatments 

(ANOVA, MS = 152.13, F2, 6 = 3.82, p = 0.085, 

PE = 100 %, Fig 4). Percent average mortality of 

P. purpuratus was similar between treatments (t-

Student test = -0.004, p = 0.996, PE = 5 %, Fig. 4). 

DISCUSSION

A high population density may facilitate sur-
vival by protecting against physical and biologi-
cal disturbances, but at the expenses of individ-
ual growth rates that would decrease in density-
dependent fashions (Bertness, 1989). here we 
observed a significant increase in the width of 
Perumytilus purpuratus when co-occurring with 
an equal number of individuals of Brachidontes 
rodriguezii. There also was a non-significant 
trend toward decreasing B. rodriguezii size with 
increasing density of conspecifics and when co-
existing with P. purpuratus. It seems that growth 
of P. purpuratus is benefited by the presence of 
B. rodriguezii. On the southern coast of South 
Africa the mussel Perna perna increases survival 
of Mytilus galloprovincialis in the low intertidal, 
generating protection against wave action (Rius 
& McQuaid, 2006). The presence of B. rodrigu-
ezii could be ameliorating abiotic conditions or 
hydrodynamic factors that enhance mussel at-
tachment (Gutiérrez et al., 2015) and growth. 

This study was conducted near the Northern 
limit of distribution of P. purpuratus. In the 
rocky intertidal zone of La Lobería the natural 
density of B. rodriguezii adults is higher than P. 
purpuratus (Arribas et al., 2013). This difference 
in mussel densities may be due to environmental 
variables (e.g., climate, currents), and/or recruit-
ment (Sánchez & Zaixso, 1995; Rius & McQuaid, 
2006; Firth & Crowe, 2010). Climate influences 
the distribution range of the mussels since B. ro-

Fig. 3. Average increments (mm ± SD) in the dimensions 
of mussel Brachidontes rodriguezii and Perumytilus 
purpuratus shells in the different density treatments 
(25-0, 150-0, 0-25 and 25-25 per 10 x 10 cm plate; see 
Table 1). A) Length increment, B) height increment, 
C) Width increment. * Significant differences.

Brachidontes rodriguezii

df MS F p PE (%)

Length

Treatments 2 0.44 2.11 0.21 9.40

Residual 6 0.21

Height

Treatments 2 0.11 1.82 0.24 6.00

Residual 6 0.06

Width

Treatments 2 0.11 2.28 0.18 6.03

Residual 6 0.05

Table 2. One-way ANOVA results on the length, 
height and width of Brachidontes rodriguezii 
after 12 months into the intra- and interspecific 
competition experiment. PE = percentage of the 
statistical power of the test. p> 0.05 in all cases.
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driguezii is restricted to the warm-temperate bi-
ogeographical region (Acha et al., 2004; Balech & 
Ehrlich, 2008) and P. purpuratus occurs in cold-
temperate region (Adami et al., 2013). Density 
of mussels also changes with latitude, being P. 
purpuratus less abundant towards the northern 
limit of its distribution (Ringuelet et al., 1962; 
Adami et al., 2013; Arribas et al., 2013; Trovant 
et al., 2013). Moreover, competitive interactions 
might reduce the abundance of species in their 
geographical distribution limit, since mussel 
growth and space limitation produce an increase 
in adult mortality (Boaventura et al., 2002; Rius 
& McQuaid, 2009). however, no negative effects 
of B. rodriguezii on P. purpuratus were observed 
in mortality or size, while a width increase of the 
P. purpuratus shells was found in the presence 
of B. rodriguezii. Therefore, the low population 
density of P. purpuratus is probably not a result 
from competition with B. rodriguezii, but per-
haps from a low larval supply. 

Intra- and interspecific competition account 
for increased mortality with increasing popula-
tion densities (Bertness, 1989; Boaventura et 
al., 2002). In this study, mussel species mortal-
ity did not differ significantly among treatments. 
Statistical power was maximum (100%) when 
testing for B. rodriguezii mortality, which indi-
cates that the probability of incurring in a false 
negative (i.e., the probability of not rejecting a 
null hypothesis that is true) is negligible. This 
is because variability between replicates was 
high (Fig. 4), particularly in the treatment with 

150 B. rodriguezii. The presence of both species 
would thus not be affecting the survival of the 
other species, and mortality could have been 
caused by external factors. Environmental heter-
ogeneity (e.g., higher concentration of algae and/
or sediment) or the clogging of the nets attached 
to maintain the mussels in the plates could have 
contributed to variation the mortality of individ-
uals among replicates. 

In this study, variations were observed under 
an interspecific competition experimental de-
sign, but we were unable to make comparisons 
between sites or with the 150 B. rodriguezii-25 
P. purpuratus treatment due to loss of replicates. 
One of the biggest problems when performing 
field experiments is the inability to control en-
vironmental variables that could generate loss of 
replicates. This often makes samples no longer 
representative and calculations partial. The de-
gree to which a sample is biased, is the degree 
to which one can over- or underestimate the 
actual value of the parameter to be measured 
(Underwood, 1997). Accounting for Type II error 
and the statistical power of the test is very im-
portant because it represents the probability of 
not rejecting the null hypothesis when it is false 
(Underwood, 1997; Zar, 2010). In most of our 
non-significant tests, the statistical power was 
low, which indicates that our conclusions need to 
be considered with caution. The only exception 
was the lack of significant differences in B. rod-
riguezii mortality across treatments. 

CONCLUSION

The results of this study suggest that the 
presence of B. rodriguezii leads to width increas-
es in P. purpuratus. The population density of 
both species appears to be primarily regulated by 
larval supply or local conditions that benefit one 
species over the other (Boaventura et al., 2002; 

Fig. 4. Mean percent mortality (% ± SD) of the mussels 
Brachidontes rodriguezii and Perumytilus purpuratus 
in the different individual density treatments (25-25, 
25-0, 150-0 and 0-25 per 10 x 10 cm plate; see Table 1).

Perumytilus purpuratus

t p PE (%)

Length –2.54 0.06 52.6

height –1.95 0.12 36.5

Width –3.15 0.03* 81.3

Table 3. Student-t results on the length, height 
and width of mussel Perumytilus purpuratus 
after 12 months into the intra- and interspecific 
competition experiment. PE = percentage of 
the statistical power of the test. * p< 0.05. 
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