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Abstract
The occurrence of the actiniarian Alicia mirabilis in the Aegean Sea is documented
for the first time from five sites of Saronikos Gulf. A. mirabilis density was assessed
in one site (Lychnari bay) with line transects (underwater distance sampling with
SCUBA). Density ranged between 0–4.3 ind are-1 (1 are = 100 m2) with a mean of 1.1
± 0.5 ind are-2. The species was found in a variety of substrates (sandy bottoms,
weeds, seagrass beds, rocks, litter) and its distribution was aggregated. Distance
sampling was an efficient way to estimate density of A. mirabillis and is proposed as a
good choice for density estimations of actiniarians and other benthic fauna.
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Introduction
The actiniarian Alicia mirabilis Johnson, 1861 has an Atlanto-Mediterranean
distribution that includes the eastern Atlantic, from the Portuguese continental coast to
the Canary Islands, the western Atlantic, from Florida and the Bahamas to Brazil
(Humann and DeLoach 2002; Zamponi et al. 1998), and the Azores (den Hartog 1995;
Wirtz et al. 2003). In the Mediterranean, A. mirabilis has been mostly reported from
its westernmost part (Rossi 1983; Ocaña et al. 2000), where it seems to be rather rare
(Loukmidou et al. 1996); more recently, it was found for the first time in the Adriatic
Sea (Kruzic et al. 2002). Although studies on the actiniarian fauna of the Aegean Sea
are rather numerous (Doumenc et al. 1985; Chintiroglou and den Hartog 1995;
Chintiroglou et al. 1997; Vafidis et al. 1997), A. mirabilis has not been reported till
now in that part of the Mediterranean.
Actiniarians may play a crucial role in the local biocommunity structure as they
are mainly predators, they provide shelter for many species, mainly crustaceans
(Excoffon et al. 1999), and under favourable conditions may reach quite high
densities. Nevertheless, assessments of the population density of actiniarians are not
common (e.g. Chintiroglou et al. 2000; Kelmo et al. 2003). The present paper reports,
for the first time, the presence of Alicia mirabilis in Saronikos Gulf, Aegean Sea. Its
density was assessed in Lychnari, Saronikos Gulf, as a first step towards
understanding its importance for the local communities.
Distance sampling (Buckland et al. 2001) is a widely used method for estimating
abundance and/or density of biological populations. Distance sampling has been used
extensively in terrestrial ecology (mostly for birds and terrestrial mammals) and for
marine mammals. Although it is the standard method for abundance estimations of
many species, it has only rarely been used for underwater surveys of benthic fauna
(e.g. Katsanevakis 2005, 2006, 2007; Pink et al. 2007). The main distance sampling
methods are line transects and point transects. A standardized survey is conducted
along a series of lines (in line transects) or points (in point transects) searching for the
animals of interest. For each animal detected, the distance from the line or point is
recorded. A detection function is fitted from the set of recorded distances, which is
used to estimate the proportion of animals missed by the survey and hence accurately
estimate abundance (Buckland et al. 2001).
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Materials and Methods
In situ measurements
In Lychnari bay (Saronicos Gulf, Greece; Fig. 1) the population density of Alicia
mirabilis was estimated with line transect sampling (Buckland et al. 2001) by SCUBA
diving, during June 2006. At each of 3 randomly chosen locations of the bay, a
density measurement was conducted in the following depths: 5 m, 10 m, and 15 m.
The substrate was sandy in all transects, except for those at the 5-m depth, where it
was partly rocky (~ 40%) at locations 1 and 2 and completely rocky at location 3. At
each depth, a 200 m line (= L) was deployed using a diving reel. The line was kept at
a constant depth contour (± 0.5 m) by tracking it with a dive computer (Suunto). All
A. mirabilis individuals that were detected along the line were recorded. For each
individual encountered, the perpendicular distance from the line was measured in situ
using a 2 m plastic rod bearing marks every 5 cm.
Density estimation from line transects
The detection function g(y), gives the probability of detecting an individual
∞

given that it is at distance y from the line. Let µ = ∫ g ( y )dy be the integral of the
0

detection function from zero to infinite distance from the line; the parameter µ is
actually the half-width of the strip extending either side of a transect centerline such
that as many objects are detected outside the strip as remain undetected within it (=
effective strip half-width). Then, the density of A. mirabilis would be estimated by
(Buckland et al. 2001):
dˆ = N (2 Lµˆ ) −1
(Eq. 1)
where N is the number of individuals detected and L the length of the line transect.
The function g(y) was estimated from the distance data (ungrouped data, righttruncated at W = 2.3 m to exclude outliers) with a semi-parametric approach,
according to Buckland et al. (2001), using the software DISTANCE 4.1 (Thomas et
al. 2003). Specifically, the detection function was modeled in the general form:
−1
g ( y ) = key ( y )[1 + series ( y )]× {key (0)[1 + series (0)]} , where key(y) is the key function
and series(y) is a series expansion used to adjust the key function. The uniform
function key(y)=1/W (0 parameters), the one-parameter half-normal function
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and
the
two-parameter
hazard-rate
function
key(y)= exp − y
2
2
σ


  y  −b 
key(y)= 1 − exp − 
σ   were considered as key functions; three series expansions
 
m

were considered: the cosine series

∑a
j =1

m

2j

j

cos( jπy / W ) , simple polynomials of the form
m

a j  y  , and Hermite polynomials of the form ∑ a j H 2 j ( y / σ ) , where W is the
∑
 W
j =2
j =1
truncation point (distances exceeding W were truncated before analysis), σ and aj are
best fit parameters (Buckland et al. 2001).
Six models were considered for the detection function: uniform key with cosine
or simple polynomial series expansions, half-normal key with cosine or Hermite
polynomial series expansions, and hazard-rate key with cosine or simple polynomial
series expansions, as proposed by Buckland et al. (2001).
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Model selection was based on the Information Theory approach (Burnham and
Anderson 2002). The small-sample, bias-corrected form AICc (Hurvich and Tsai
1989) of the Akaike’s Information Criterion (AIC) (Akaike 1973; Burnham and
Anderson 2002) was used for model selection. The number j of parameters in each
series expansion was also defined using AICc between models of increasing order.
The model with the smallest AICc value (AICc,min) was selected as the ‘best’ among
the models tested.
To obtain more robust inferences, the final results were based on model
averaging rather than on simply the ‘best’ model (Burnham and Anderson 2002). The
AICc differences, ∆ i = AICc ,i − AICc ,min , were computed over all candidate models gi.
To quantify the plausibility of each model, given the data and the set of six models,
exp(−0.5∆ i )
the ‘Akaike weight’ wi of each model was calculated, where wi = 6
.
∑ exp(−0.5∆ j )
j =1

The ‘Akaike weight’ is considered as the weight of evidence in favor of model i being
the actual best model of the available set of models (Akaike 1983; Buckland et al.
1997; Burnham and Anderson 2002).
Model averaged estimates were calculated by the formula:
(Eq. 2)
θˆ = ∑ w θˆ
i i

i

where θˆ denotes a model averaged estimate of parameter θ. The unconditional
standard error of θ was estimated as (Burnham and Anderson 2002):
1/ 2
(Eq. 3)
se(θˆ ) = ∑ wi  var(θˆi | g i ) + (θˆi − θˆ )2 


i
where var(θˆ | g ) is the variance of θ according to model gi, conditional on the model.
i

i

Using the raw data (counts of individuals in each transect), the variance-tomean index of dispersion (= I) was used to assess the spatial distribution of the
species (Krebs 1998). A value of I = 1 indicates random distribution, I = 0 indicates
uniform distribution, and I > 1 stands for aggregated distribution.
Results and discussion

Alicia mirabilis was found in five sites in the inner Saronikos Gulf: Lychnari,
Fragolimano, Amoni, Sideronas and Sousaki. It is the first time that the occurrence of
A. mirabilis is documented in the Aegean Sea. In the first four sites, the species has
been observed (by SK) continuously since 2001 while recently it was also detected in
the fifth site. Thus, its presence in the area should be considered rather permanent and
not occasional, at least for the last six years. As the species is rather large (its height
may exceed 40 cm) it is surprising that it has not been reported before from the
Aegean Sea, unless it has only recently extended its distribution.
In the nine line transects of Lychnari bay, a total of 71 individuals were detected
during the survey. After the right-truncation of distances to exclude outliers, 67
distances were used to model the detection function. The detection models, the
estimated parameters and the corresponding AICc values are given in Table 1. The
best model of the detection function was that with uniform key function and 1st-order
cosine series expansion. No adjustment term was selected (according to AICc) with
the half-normal and with the hazard-rate key functions, thus models g2 and g3 were
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identical as well as models g5 and g6 (Table 1). To avoid model redundancy when
model-averaging (Burnham and Anderson 2002), the redundant models were
excluded from the calculation of the Akaike weights and of the model averaged
estimates of the effective strip half-width. Model-averaged estimates of the effective
strip half-width µ̂ and population density dˆ as well as the corresponding
unconditional standard errors, calculated using Eqs. 2 and 3, are also given in Table 1.
Using Eq. 1, the A. mirabilis density was estimated for each transect (Fig. 2).
Location 3 showed the lowest density values among locations. The overall mean
density (± standard error) of all nine transects, based on model-averaged estimates,
was 1.1 ± 0.5 ind are-2 (1 are = 100 m2); the maximum density was found at 10 m
depth in location 2 (4.3 ind are-2). The index of dispersion was estimated as I = 12.5
>> 1, indicating a highly aggregated dispersion.
In the five sites of Saronikos Gulf, A. mirabilis individuals were observed from
5 to 20 m depth, on a variety of substrates ranging from sandy bottoms, weeds, seagrass beds of Cymodocea nodosa (Ucria) Ascherson, rocks, or even litter. Although
Alicia mirabilis has been reported as a rare species in the western Mediterranean and
had not been reported before from the Aegean Sea (see Introduction for references),
relatively high densities were found in the present study.
Significant patchiness was found in the distribution of A. mirabilis and densities
in adjacent transects varied greatly. Aggregated distribution is very common among
sea anemones that reproduce asexually (Schmidt 1970; Shick and Lamb 1977; Gomes
et al. 2003), however it is not a proof of asexual reproduction, as many sea anemones
that reproduce exclusively sexually can also form large aggregations (Russo et al.
1994). To our knowledge, no information relevant to the asexual or sexual
reproduction of A. mirabilis exists.
The population density of A. mirabilis was estimated with distance sampling by
SCUBA diving; this method has not been previously reported for other Actiniaria
species. When the detection of all individuals is difficult (as was for A. mirabilis due
to its similar coloration to the substrate and the fact that it is generally contracted
during the day and active during the night), a distance sampling method is typically
more efficient than simple strip transect sampling, because densities are corrected
with the use of the detection function and also the sample size is larger for the same
amount of effort, as all detected individuals may be recorded regardless of their
distance from the line (Katsanevakis 2005). Density estimation of benthic fauna is
commonly conducted with fishery surveys using dredges or trawls, in which
abundance estimation is based on the catch, making appropriate assumptions
regarding the catching efficiency of the fishing tool. Compared to fishery surveys, a
visual census is advantageous, as the records are not dependent on catching efficiency
(Katsanevakis and Verriopoulos 2004); in addition visual census is a non-destructive
method, which should be of concern, especially when dealing with rare or protected
species or habitats (Katsanevakis 2007).
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Table 1: Summary of the parameterization of the detection models and of the AICc,
Akaike differences ∆AICc, Akaike weights wi, effective strip half-width µ, and
mean density d (point estimation and standard error) of Alicia mirabilis in
Lychnari bay. The model-averaged estimation of µ and d and the corresponding
unconditional standard errors are also given. Models are sorted from best to worst
according to AICc.

Model
No

(key+series expansion)

g1 uniform+cosine
g2 half-normal+Hermite polynomial
g3 half-normal+cosine
g4 uniform + simple polynomial
g5 hazard-rate+cosine
g6 hazard-rate+simple polynomial

No of
parameters
Series
Key
expansion
0
1

Parameter
values

d
SE(d )
SE(µ )
(m) (ind are-2) (ind are-2)

∆AICc

wi

µ (m)

31.6%

1.69

0.20

1.10

0.48

29.6%

1.75

0.20

1.06

0.46

26.7%

1.82

0.17

1.02

0.44

12.1% 1.58
1.204 1.000 111.04 1.92
Model-Averaged 1.73

0.36

1.18

0.56

0.22

1.08

0.48

AICc

0.3587

109.11

0.00

1

0

1.692

109.25

0.13

1

0

1.692

109.25

0.13

0

1

-0.6280

109.45

0.34

2

0

1.204 1.000 111.04

1.92

2

0

SE, standard error; 1 are = 100 m2
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Figures
Fig.1: Sites of occurrence of A. mirabilis in Saronikos Gulf during the present study.
Population density assessment was conducted in Lychnari.

Fig.2: A. mirabilis mean density (with the corresponding 95% confidence intervals) in
nine line transects (3 locations x 3 depths) in Lychnari bay, using model-averaged
estimates for the detection function. The figures above each bar indicate the
number of detected individuals in the specific line transect. 1 are = 100 m2.
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