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Halocynthia papillosa as SCUBA diving impact indicator: An in situ experiment
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An in situ manipulative experiment was carried out to study the effect of SCUBA diving on the Halocynthia
papillosa species and determine its utility as a bioindicator for this activity. Five experimental flapping impact
intensities were considered: 0 (control), 3, 90, 270 and 330 flaps. Two experimental units, each with ten
individuals, were assigned at random for each treatment. On each experimental unit, ten circular sediment
traps were placed and then collected 24 h after the experimental flapping event for subsequent analysis. The
total abundance and survival of individuals of each size in each experimental unit were measured at eight
time intervals: before the experiment and then 24 h, 1 week, and 1, 3, 6, 9 and 12 months later. Repeated
measures ANOVAwere used to test the differences between treatments over time. In the three most impacted
sites, a reduction in the number of individuals was observed, with higher lethality rates in smaller individuals.
Furthermore, in the two most impacted sites, the surviving individuals did not grow. A high negative
correlation was observed between the abundance of individuals and the number of flaps (R2=0.96). The
general regression model reflected a high correlation between the abundance of individuals and the sediment
fractions considered. Our results indicate that the resuspension of sediments produced by flapping may
explain the decrease of H. papillosa abundance that has been observed in areas of high diving intensity.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Coralligenous assemblages are defined by species richness and high
biomass and production, with values comparable to tropical reef
assemblages, and as such is oneof themost important and characteristic
assemblages in the Mediterranean Sea (Bianchi, 2001; Ballesteros,
2006). These aesthetic characteristics make coralligenous systems one
of the most attractive landscapes in theMediterranean benthos and are
often chosen by recreational divers. In addition to its level of importance
in the Mediterranean environment, the coralligenous system is
considered fragile because its persistence is related to the maintenance
of peculiar biotic and abiotic factors (Hong, 1983), and because it
contains many sessile, long-living organisms with fragile skeletons and
slow growth rates (Ros et al., 1985).

SCUBA diving may result in the deterioration of this singular
community because divers can easily damagemarine organisms directly
(e.g. byphysical contact) and indirectly (e.g. by raised sediment) (Rogers,
1990; Rouphael and Inglis, 1995, 1997; Tratalos and Austin, 2001; Zakai
and Chadwick-Furman, 2002; Pulfrich et al., 2003; Luna et al., 2009).

Some studies on diving impact have shown that raising sediment
was the most frequent effect produced by divers, followed by contact
with fragile organisms such as gorgonians, corals and bryozoans,
(Garrabou et al., 1998; Zakai and Chadwick-Furman, 2002; Barker and

Roberts, 2004; Luna et al., 2009). The combination of these two effects
(the resuspension of sediments and physical contact) is the main
stressor agent which the benthic communities are subjected to by
diving activity. Little is known about the effect of sediment on rocky
coralligenous assemblages, although it has been considered as a factor
influencing their spatial and temporal variability (Morganti et al.,
2001; Balata et al., 2005).

The large number of species and the high level of species diversity
in the coralligenous community hinder assessment of the impact of
diving on the community as a whole; selecting a single indicator
species would therefore be advantageous (Sala et al., 1996). The most
important criteria for reliable indicators among those considered
were that they must be sensitive to change, easy to recognise and
supported by reliable, readily measurable, as well as broad spatial and
temporal distribution. Sensitivity to change is an essential factor of an
effective management tool to maximize the detection of early impact,
while minimizing unpredictable fluctuations in population (Hilty and
Merenlender, 2000).

Halocynthia papillosa has been categorized as a stress-sensitive
species, as well as a good indicator of natural conditions (Naranjo et al.,
1996). A recent monitoring study showed that in sites with high SCUBA
diving frequency, H. papillosa abundance is very low (Luna-Pérez et al.,
2010). The study evaluated the sustainability of H. papillosa and
proposed the species as an early indicator for assessing and monitoring
the effect of diving on Mediterranean coralligenous communities.
However, no cause–effect was established, and the immediate effect
and mechanisms by which H. papillosa individuals are negatively
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affected by the SCUBA divingwere not studied. The aim of the studywas
to determine this cause–effect by means of a manipulative field
experiment, in order to shed light on the immediate and long-term
responses of H. papillosa to disturbance caused by SCUBA diving. If the
suitability of this species as a SCUBAdiving indicator can be confirmed, it
could be used in other Mediterranean regions.

2. Materials and methods

2.1. Study area

The study was carried out in the Sierra Helada Natural Park, on the
south-eastern Mediterranean Spanish coast, in an unfrequented and
isolated diving site within the marine park known as Punta Albir
(Fig. 1), with a seabed occupied by a coralligenous community in an
optimum state.

This area has a low hydrodynamism since there are not tide
currents and the main regime of winds and waves are of low intensity
(Consellería Territori i Habitatge, 2005). All the chosen experimental
sites are affected by the same natural influences (currents, natural
sedimentation, winds, storms, rains…) and all localities have the same
features (current orientation, slope, type and composition of
substrate, etc.).

2.2. Studied species

H. papillosa is an endemic Mediterranean species (Pérès and Picard,
1964) which also occurs in the Eastern Atlantic within an area which
extends from the Canary Islands to the Berlengas Islands in Portugal
(Ramos-Esplá, 1991). It is one of the most common solitary ascidians
species on the rocky littoral zone of the south-western Mediterranean
(Fiala-Médoni, 1973; Ramos-Esplá, 1991). It has abottle-like formandcan
reach a height of 15 cm (Calvín-Calvo, 2000). Based on themaximumsize
recorded inbibliography,five size categorieswereused for this study: Size
1: 0.1–3 cm; Size 2: 3.1–6 cm; Size 3: 6.1–9 cm; Size 4: 9.1–12 cm; and
Size 5: 12.1–15 cm. H. papillosa is a hermaphroditic species that
reproduces once per year in the late summer and achieves a peak of
gonadal development fromMarch to September for ovaries and from July
to September for testes (Becerro and Turon, 1992). In contrast to other
benthic filter-feeding species, H. papillosa does not exhibit aestivation
(summer dormancy), and in fact it is in summer when activity levels and
growth rates are highest (Ribes et al., 1998).

2.3. Experiment set-up

The experiment was run from August 2008 to August 2009. To test
the effects of various short-duration flapping intensities on H. papillosa,
five experimental impact intensities were considered: 0 (control), 3, 90,
270 and 330 flaps. These flapping levels were assigned on the basis of
diver frequentation and number of flaps by a diver in a square meter in
the area (Luna et al., 2009). Ten appropriately spaced experimental
flapping units were chosen where ten medium-sized H. papillosa
individuals were living. Two experimental units for each treatment
were assigned at random,with ten sediment traps allocated in each one.

In order to achieve a uniform simulated disturbance among the
experimental units, only one diver was involved in the experimental
flapping event. On each experimental unit the diver flapped his fins a
determined number of times according with a previously defined
number of flaps (Impacts 1 through 5) which had been previously and
randomly assigned among the experimental units. The diver, who
weighted 75 kg, stood on each experimental unit near to H. papillosa
individuals and moved his fins brushing the substrate in order to raise
sediment. Direct contact with the individuals was always avoided. The
fins employed by the diver for the experiment measured 62 cm long
and 21 cm wide.

Prior to the experimental disturbing event, ten individuals of H.
papillosa from each experimental unit were measured, and sediment
traps were allocated (ten traps per experimental unit). All sediment
traps were collected 24 h after the experiment. The total abundance
and survival of individuals of each size on each experimental unit
were measured at eight sampling times: before the experiment and
24 h, 1 week, and 1, 3, 6, 9 and 12 months later.

2.4. Assessment of raised sediment

The circular sediment trap, used to collect the raised sediment
during the 24 h following the experimental flapping event, measured
86 mm in diameter and 96 mm in height. The sediment collected was
separated by grain size using 2.0 and 0.0063 mm filters and the
remaining solution with smaller particulates was used to obtain the
mud fraction. The two sediment fractions obtained (gravel and sand)
were labelled and dried for 48 h at 110 °C to obtain the dry weight of
each fraction (g/L). The Method 340.2 of Wisconsin Environmental
Science Section (ESS, 1993) was used on the remaining solution to
obtain the organic and inorganic mud fractions (volatile suspended
solids and total suspended solids). The sediment parameters used
were total sediment, gravel, sand, mud and organic mud matter.

2.5. Statistical analysis

Two univariate techniques were used to analyse the response in
abundance during the time of the study, and the survival of each size
category at the end of study. By monitoring changes during the
sampling time, the same sampling units were retested over time and
data were not independent. Simple analysis of variance cannot be
applied to this method of data collection, as it does not obtain an
independent measure of residual variation, and does not fulfil the
assumption of no interaction between treatments (Kingsford and
Battershill, 1998). Repeated measures (RM) ANOVA analyses correct
the non-independence or autocorrelation in the data (Winer, 1971;
Winer et al., 1991; Lively et al., 1993; Keough and Quinn, 1998;
Kingsford and Battershill, 1998), and they were used to analyze our

Fig. 1. Location of study site at Punta Albir, Sierra Helada Natural Park.
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data to identify changes in abundance due to the effect of flapping
over time.

Two experimental factors were considered, and the nomenclature
was assigned according to common practice in RM experiments.
Impact level was the between-subject fixed factor, with five levels.
Each experimental unit was the subject factor, which was randomized
and nested within the impact level, with two levels (the replicates or
experimental units). One blocking factor was used to define the time
period in this experiment. Time was the within-subject fixed factor,
with eight levels (one sampling before the experiment, and then 24 h,
1 week, and 1, 3, 6, 9 and 12 months later). A total of 80 replicates
were obtained. The abundance of individuals in each experimental
unit was the response variable analysed.

Before analysis, the assumption of normality was tested by
examining residuals using probability plots (Winer et al., 1991).
When repeated-measures analyses were used, the more conservative
Greenhouse–Geiser and Huynh–Feldt correct F tests were also
examined, because this correction provides some protection against
violations of assumptions of compound symmetry (Winer et al., 1991;
Yandell, 1997). These tests did not produce results markedly different
from the uncorrected ones, and evidence of strong violation of these
assumptions was not detected, as the epsilon value was close to one,
so only the standard F tests are presented here. When the RM ANOVA
F-test was significant, post-hoc analyses were conducted using the
Bonferroni test for multiple comparisons (Winer et al., 1991).

Two-way ANOVAswere carried out to test differences in the sediment
composition on each impact level, in absolute terms (dry g L−1) aswell as
percentages. The experimental design used contained two factors: impact
level, afixed factorwithfive levels; and Sites, afixed factorwith two levels.
For each combination of factors, ten replicates were recorded
(corresponding to each sediment trap), with a total of 100 replicates.
The five variables obtained for the sediment analysis were tested
separately with this design. Another two-way ANOVA was carried out
to test differences in the survival percentage per size at the end of the
experiment at each impact level (Underwood, 1981). The experimental
design had two factors for this purpose: impact level, a fixed factor with
five levels; and Size, a fixed factor with three levels (Sizes 2, 3 and 4). For
each combination of factors, two replicates were recorded, with a total of
30 replicates. When the ANOVA F-test was significant, post-hoc analyses
were conducted using Student–Newman–Keuls (SNK) multiple compa-
risons (Underwood, 1981). Prior to ANOVA, homogeneity variance was
verifiedusingCochran's test (Cochran, 1951), and arcsine transformations
of the survival parameter were performed, as it was taken as percentage
(Underwood, 1997).

Twosimple correlationswere runbetween total sedimentsvs. number
of flaps, and H. papillosa abundance vs. number of flaps, to quantify the
possible relationship between them. A correlation matrix was calculated
for sediment fractions in order to detect the existence of co-variables. A
general regression model (GRM) was also calculated, with H. papillosa
abundance as a dependent variable and the fractions of sediment as
independent (predictor) variables. STATISTICAv.6.0 softwarewasused for
these correlations, variance analyses and the GRM.

Non-parametric multivariate techniques were used to analyse the
response of H. papillosa to different impact levels and their relationship
with the type of raised sediment at each impact level. Abundance data
were not transformed before analysis, in order to detect minimum
changes. Triangular similarity matrices were calculated using the Bray–
Curtis similarity coefficient for abundance, and Euclideandistances for the
raised sediment (Clarke and Warwick, 2001). A graphical representation
of the response of H. papillosa to the impact level of the flapping was
obtained using non-metric multidimensional scaling (nMDS). A bubble
plot uses circles to show the relationship between abundance response
and the total sediment raised at each level of flapping.

The Spearman's correlation between abundance data and total
sediment fractionswasdetermined using theRELATEprocedure (Clarke,
1993). The BEST routine (BIO-ENV option) was performed to determine

which sediment fraction best explained the response of H. papillosa to
the impact level. All multivariate analyses were performed using the
PRIMER-E statistical package (Clarke andWarwick, 2001).

3. Results

3.1. Analysis of the raised sediment

The percentages of sand and mud remained invariable, with no
significant differences between proportions collected from each
fraction at the different impact levels (F sand=1.60, F mud=1.44;
p: non significant), but a difference was detected in the proportion of
gravel between the two least impacted and the three most impacted
treatments (F=56.1; pb0.01). ANOVA showed that the total sediment
content was highest in the most impacted treatments (F=3071.9;
pb0.001) (Fig. 2). Post-hoc SNK analysis found that total sediment in
less impacted places (Impacts 1 and 2) was similar, and lower than in
the more impacted places (SNK: 1=2b3b4b5). The number of
instances of flappingwas statistically correlatedwith the total sediment
in the traps (R2=0.93, pb0.001).

Regarding the four sediment parameters obtained, two covariables
were found: the mud fraction and the gravel fraction, the latter of
which was removed for the following analysis. Differences between
treatments were found for all sediment fraction variables tested with
different fraction distributions for each impact level, as the post-hoc
test showed (Table 1). Regression between flapping intensity and the
concentration of each sediment fraction indicated a highly significant
correlation for the four fractions, the highest being for the mud
fraction (Table 1).

3.2. Effect of flapping on H. papillosa

H. papillosa abundance decreased after the experimental flapping
where the impact was highest (Impacts 3, 4 and 5) (Fig. 3). In the
experimental units subjected to the lowest flapping intensities (Impacts 1
and 2), the abundances did not vary throughout the study period.
Consequently, repeatedmeasures analysis showed significant differences
between sampling times for some of the experimental flapping units
(Table2). Post-hoc testing (Bonferroni test) showed that theabundance in

Fig. 2. Total raised sediment (grams) of each fraction at each impact level: 1, 2, 3, 4 and 5.

Table 1
Summary of one-way ANOVA for each sediment fraction and correlation coefficients (R2),
and correlation significances (p-value (R2)) of each sediment fraction with flapping
intensity. D.f.: degree of freedom; M.S.: mean square; F: F ratio; Post hoc: results of SNK
test; 1 to 5: impact levels.

Fraction D.f. MS F p-level
(F)

Post hoc R2 p-value
(R2)

Mud 4 0.050 52.011 0.000 1=2=3b4b5 0.915 0.000
M.O.
mud

4 0.001 11.033 0.011 1=2=3=4b5 0.435 0.038

Sand 4 2.828 154.062 0.000 1=2b3b4b5 0.797 0.001
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the most impacted experimental units decreased 1 week after the
experimental impact (time 3) (Bonferroni: 1=2N3N4=5; pb0.001).
The abundance at impact level 3 showed a reduction in the sampling at

Time3, but it remainedsteadyuntil theendof the study (Bonferroni: Time
1=Time 2NTime 3=Time 4=Time 5=Time 6=Time 7=Time 8;
pb0.001). Abundance at impact levels 4 and 5 decreased from sampling
Time 3 until Time 5, when it stabilized until the end of study (Bonferroni:
Time 1=Time 2NTime 3NTime 4NTime 5=Time 6=Time 7=Time 8;
pb0.005) (Fig. 3).

One year later, the abundance on each experimental unit showed a
statistically significant correlation with the flapping intensity (Fig. 4).
The survival of each size class was statistically different for each level
of impact (F=12.08; pb0.001; Fig. 3). For Impacts 1 and 2, survival
was equal for all size categories (100%). On the other hand, in
experimental units of impact levels 3, 4 and 5, the survival of the
smallest sizes (Sizes 2 and 3) were statically lower (SNK: pb0.05)
than the survival for the biggest size (Size 4). At impact levels 4 and 5,
all the individuals that survived belonged to the largest size class.
During the sampling time, the growth of some individuals was

Fig. 3. Total mean and size-specific abundance ofH. papillosa in each impact level along time study. Size 1: 0.1–3 cm; Size 2: 3.1–6 cm; Size 3: 6.1–9 cm; Size 4: 9.1–12 cm; and Size 5:
12.1–15 cm. Bars indicate the standard error.

Table 2
Summary of results of repeated measures abundance analysis. D.f.: degree of freedom;
M.S.: mean square; F: F ratio; p: p value.

Source of variation D.f M.S F p-value

Between effects
Impact level 4 191.500 547.143 0.000
Error 5 0.350

Within effects
Time 5 3.737 53.381 0.000
Time×Impact level 20 0.820 11.714 0.000
Error 25 0.070
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recorded in the experimental units at impact levels 1, 2 and 3. In these
cases, although the total abundancewasconstant, a changeof proportion
of individuals of each size category was observed.

3.3. Effect of raised sediment on H. papillosa

TheH. papillosaMDS abundance plots showed amarked ordination of
each experimental unit with regard to the impact level, and a clear
relationship with the total sediment raised at each level (Fig. 5). RELATE
testingdemonstratedahighly significant correlationbetweenabundance
and total sediment variables (rho-Spearman=0.859; p=0.001). The
BEST routine determined that mud and a combination of this variable
with the organic matter of the sediment were the variables that best
explained the response ofH. papillosa to the level of impact,with a partial
Spearman's correlation of 0.883 and 0.872, respectively. Analysis of the
general regression model reflected a high correlation (R2=0.960;
pb0.001) between H. papillosa abundance and each of the sediment
fractions (Fig. 6), with beta parameters statistically significant for mud
andOMcontent of sediments (Table 3). Themudand sand fractionswere
inversely correlated with abundance (negative values for Beta and b),
while the OM content showed a positive correlation.

4. Discussion

4.1. Response of H. papillosa to SCUBA diving impact

Flapping produced sediment resuspension, which caused the
death of H. papillosa individuals in the most impacted experimental
units. The pulse of impact did not have an immediate lethal response
onH. papillosa. Twenty-four hours after the flapping event, nomortality

had been observed, although some of the most impacted individuals
showedmucus covering their tunics. Although the flapping impact was
of the ‘pulse’ type, the effect generated remained latent as a ‘pressure,’
even when the sediment returned to the seabed. A drop in abundance
was observed in the three most impacted experimental units, from
3 months after the experiment to the endof the study. A higher lethality
was observed in smaller individuals, as these were the first that died.

In natural conditions, H. papillosa concentrates its growth in spring
and summer (Becerro and Turon, 1992), which was recorded during
the study period (9 months after the flapping event), but only for the
less impacted individuals (Impacts 1, 2, and 3). This may indicate that
H. papillosa can adapt to episodic changes in sediment concentration
around them up to a ‘critical concentration,’ which is difficult to
establish.

The physical characteristics of sediment (e.g. grain size, composition,
density), and the quantity, degree, frequency and duration of raised
sediment help to determine the extent of disturbance by sediments,
which can range from large-scale, sub-lethal chronic stress, to an acute
disturbance that locally disrupts the population (Airoldi, 1998, 2003).

Ascidians are benthic-dwelling active filter-feeders that aremarkedly
influenced by hydrodynamic conditions and by both organic and
inorganic suspended particles. Ascidians are mainly characterised as
non-selective suspension feeders (Jørgensen and Goldberg, 1953;
Carlisle, 1966; Stuart and Klumpp, 1984) that continuously remove
particles from passing water at a constant rate (Randløv and Riisgard,
1979; Klumpp, 1984). While organic particles may be consumed as part
of the organism's diet, the simultaneous ingestion of inorganic particles
produces abrasion and asphyxiating effects (Ramos-Esplá, 1991;Naranjo
et al., 1996). Resuspended sediment can change the quality of the diet
and alter the animal's ability to feed and gain energy (Armsworthy,
1996). A high inorganic fraction of the seston dilutes the nutritional
content of the food and forces the suspension feeder either to use its
energy reserves or to expend more energy obtaining sufficient organic
matter (Widdows et al., 1979; Vahl, 1980).

In general, ascidians are adapted to environments with low
concentrations of particles and a small fraction of non-food particles

Fig. 4. Linear regression between the H. papillosa abundance of each experimental unit
one year after experimental flapping event and the amount of flaps.

Fig. 5.Multi-dimensional scaling (MDS) graph of H. papillosa abundance at each impact
of the level of flapping, with bubble plot representing the total raised sediment.

Fig. 6. Predicted values vs. observed values of abundance of individuals according to
calculated general regression model.

Table 3
Summary of the general regression model between the abundance of individuals and
sediment fractions. Beta: the standardized regression; S.E. (Beta): standard error of
beta; b: the raw regression coefficients; S.E. (b) standard error of b; p-value: statistical
significance.

Fraction Beta S.E. (Beta) b S.E. (b) p-value

Mud −1.074 0.201 −29,423 5.518 0.002
M.O Mud 0.621 0.144 158.004 36.730 0.005
Sand −0.382 0.194 −1.4039 0.713 0.095
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in the water (Petersen, 2007). Although the filter feeding system of
ascidians is non-selective with regard to particle size, the oral tentacles
guarding the entrance of the branchial basket act as a coarse filter for
large particles and sand grains (Goodbody, 1974; Armsworthy, 1996).
H. papillosa is able to capture particles between 0.6 and 70 um (mud
fraction) (Ribes et al., 1998), and the presence of coarser sediments has
been observed as negative for these ascidians. Flapping produces the
resuspensionof bothmudand larger particles, althoughonly the smaller
particles enter the branchial cavity. However, the synergic effect of
higher concentrations inside the cavity and the stress generated by the
constant rejection of larger particlesmayproduce a deleterious effect on
individuals. The entry of such particles induces siphon diameter
constriction as well as ‘squirting,’ and their subsequent ejection from
the brachial siphon (MacGinite, 1939; Hoyle, 1953; Jørgensen and
Goldberg, 1953; Armsworthy et al., 2001). Squirting is a movement of
contraction of the mantle, which means that ascidians clear the
branchial basket of waste material to prevent overloading (Petersen,
2007). During violent squirting, themucus that transports foodparticles
across the branchial basket to the oesophagus (MacGinite, 1939;
Goodbody, 1974)maybeexpelled through the inhalant siphon (Werner
andWerner, 1954). This response to high sediment concentration could
explain the existence ofmucus on someof the impacted individuals 24 h
after the flapping event.

Several studies have shown different responses by ascidians to an
increase in suspended particles that affect the ‘clearance rate’ or ‘ingestion
rate,’ retention efficiency and/or absorption efficiency, depending on the
species, range of sediment concentration and particle size (Fiala-Medioni,
1978; Robbins, 1983; Petersen and Riisgard, 1992; Petersen et al., 1995,
1999; Armsworthy et al., 2001; Petersen, 2007). In the case of a similar
species,H.pyriformis, it seems that itmaycompensate anepisodic increase
of sediment concentration by increasing the squirting frequency and
reducing the siphon diameter. The absorption rate also increased,
although a drop in absorption efficiency was observed (Armsworthy
et al., 2001). Our results with H. papillosa indicated that this species has
some physiological or behavioural mechanisms that may compensate for
the increase of sediments in thewater, as no responsewasobserved in the
least impacted treatment. However these mechanisms are not sufficient
to prevent damage to individuals when the impact exceeds a certain
threshold limit. We remain unaware of all the physiological mechanisms
used to compensate for this increased sediment. Other types of study
would be needed to answer this question.

4.2. Use of H. papillosa as SCUBA diving impact indicator

The large number of species and the high level of species diversity in
the coralligenous community hinder the assessment of the impact of
diving on the community as a whole; selecting a single indicator species
would therefore be advantageous (Sala et al., 1996). H. papillosa had
previously been recognized as a good indicator of ‘natural conditions’
(Naranjo et al., 1996). The impact of diving on H. papillosa has been
shown (Luna-Pérez et al., 2010), but the cause and effect has not been
recognized. In this study, the cause andeffect betweenflapping, sediment
resuspension and the response of H. papillosa is clearly shown.

The species studied is highly sensitive to the detection of impact, is
easily measurable, and has an excellent cost-effectiveness, which are
basic criteria for being chosen as a good indicator. For all the above
reasons, we propose the use of H. papillosa as a highly suitable benthic
coralligenous indicator species in the study of the impact of SCUBA
diving in theMediterranean.H. papillosawould also be a good indicator
for other types of impact that produce an amount of sediment in water,
such as dumping or dredging.
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