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The impact of fish escaping from fish farms may depend on the extent to which
escapees adapt to the natural environment, resemble wild conspecifics, and become
feral. Yet, little is known about the process of feralization in marine fish. We examined
phenotypic changes in body shape, body condition, and scale growth profiles of sea
bass escaping from fish farms in the Canary Islands and quantified the extent to which
escapees had diverged from farmed conspecifics. Most feral sea bass had sizes that
overlapped with those of farmed fish, indicating that they had escaped throughout the
production cycle. However, 29% of escapees were larger than the maximum size at
harvesting, indicating growth in the wild. Analysis of scale growth profiles showed that
some escapees had grown in the wild as fast as cultured fish, albeit at more variable
growth rates. Feral sea bass tended to converge towards a similar body shape, having
more streamlined bodies, lower body condition, and lower hepatosomatic indices (HSI)
than fish in cages. Although our study cannot discriminate between phenotypic plasticity
and differential mortality of escapees, we interpret phenotypic convergence as the
likely result of a period of initial starvation, phenotypic plasticity, and selection against
maladapted phenotypes. Our results warn against the risks of rearing sea bass in open-
net cages and suggest that sea bass escapees could pose a threat to shallow coastal
assemblages, particularly in areas where the species is not naturally found.

Keywords: feralization, domestication, morphometrics, sea bass, fish scales, growth profiles

INTRODUCTION

Not all aquaculture escapees survive and reproduce in the wild, but some do, and minimizing their
impact on wild fish has become an issue of global concern (Naylor et al., 2005). Yet, what makes
some aquaculture escapees survive and others die has been little studied, which is surprising since
the impact of escapees will likely depend on the extent to which they can survive and adapt to
natural conditions, i.e., become feral.

Predicting establishment success of fish escaping from fish farms is not without difficulties
(Bekkevold et al., 2006; DeVaney et al., 2009; Consuegra et al., 2011), but it has been suggested that
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phenotypic plasticity—i.e., the production of alternative
phenotypes in response to environmental change (West-
Eberhard, 1989), is a trait that may facilitate feralization (Valiente
et al., 2010) because plastic individuals should have more
opportunities to adapt to changing conditions and survive
(Smith, 2009). Plasticity in fish can be substantial (Smith and
Skúlason, 1996; Garcia de Leaniz et al., 2007), though the
underlying mechanisms are not well understood. Most studies
of plasticity in fish have addressed changes caused by artificial
rearing during the process of domestication. Domestication
tends to result in large phenotypic variation because, as Darwin
(1875) first noted, artificial selection tends to produce extreme
phenotypes that can persist under favorable (relaxed natural
selection) conditions in captivity (Trut et al., 2009). Indeed,
one of the defining traits of domesticated organisms is that
they tend to exhibit morphological and physiological variations
never seen in the wild (Balon, 2004; Teletchea and Fontaine,
2012). For example, European sea bass (Dicentrarchus labrax)
undergo significant changes during domestication, including
changes in body shape (Corti et al., 1996; Loy et al., 2000;
Costa et al., 2010), swimming performance (Claireaux et al.,
2006; Koumoundouros et al., 2009), muscle growth dynamics
(Ayala et al., 2003), salinity tolerance (Varsamos et al., 2002),
and sex ratio (Navarro-Martín et al., 2009). In contrast, very
little is known about how domesticated fish adapt to the wild
and become feral.

Fish escaping from aquaculture facilities can be expected to
undergo changes in phenotypic traits during feralization (the
process of domestication in reverse; Price, 2002; Zeder, 2012)
and these can provide cues about the differential response of
fish to artificial and natural selection. Such information will
be useful for mitigating the impacts of aquaculture escapes
because improvements in the adaptation of fish to captivity
(domestication) should also translate into loss of fitness in the
wild. In general, domestication is expected to increase phenotypic
diversity by allowing the survival of extreme phenotypes that
would not normally survive in the wild, while feralization
is expected to result in phenotypic convergence by selecting
some optima on behaviors and body plan (Trut et al., 2009;
Zeder, 2012).

Few studies have addressed feralization in fish, and those
which done so have tended to concentrate on salmonids (Valiente
et al., 2010; Consuegra et al., 2011) or have compared different
traits between wild and cultured fish [e.g., body, otholits and
escales morphometry, genetic differences, stable isotopes, heavy
metals, among others; reviewed in Arechavala-Lopez et al.
(2013)]. Although wild vs. hatchery fish comparisons are useful
because they allow the detection of escapees (e.g., Schröder and
Garcia de Leaniz, 2011; Arechavala-Lopez et al., 2012a,b), they
do not shed much light on feralization per se because they are
comparing what are essentially different fish. A better approach
would be to compare farmed fish before and after they escape
through mark and recapture experiments. However, very little
success has been achieved in these experiments, since the number
of recaptured individuals is usually very low, and the costs of
an extensive mark and recapture program is often a barrier
(Dempster et al., 2018). Thus, we capitalized on the accidental

escape of sea bass in the coastal waters off the Islands of Tenerife
and La Palma (Canary Islands, Spain), where the species is not
naturally found (Brito et al., 2002), but where sea bass escape
regularly (González-Lorenzo et al., 2005). Some of these escapees
are able to survive and feed on local trophic resources and this
has resulted in a population of feral D. labrax in coastal waters
off the islands of La Palma and Tenerife that is maintained
through the regular influx of new escapees (Toledo-Guedes et al.,
2009, 2012). Recent and old escapees cohabit in the wild and
this allowed us to make comparisons among individuals from
a common farm origin that had spent different times at liberty.
Thus, we examined the process of feralization by quantifying the
phenotypic changes that are displayed by sea bass when they
escape into the wild.

MATERIALS AND METHODS

Study Site and Sampling Method
The study was carried out in the Canary Islands (Figure 1). Fish
were sampled in two of the islands where sea bass regularly escape
from open-net fish cages: Tenerife and La Palma (Toledo-Guedes
et al., 2009). We spear-caught or hand-netted 73 feral sea bass in
the vicinity of two fish farms (11 in La Palma and 66 in Tenerife).
For comparisons, 20 cultured sea bass were also sampled at the
same time (10 in each island).

Farmed fish are selected for fast growth and generally fed in
excess in captivity. We therefore examined three phenotypic traits
directly affected by growth and which are likely to change during
the transition from captive to natural environments: growth
rate—based in the analysis of growth rings (circuli) found on
fish scales, body condition—inferred from the hepatosomatic
index and the condition factor, and body shape—derived from
measurements of multiple morphological traits obtained through
digital photography. Table 1 shows sample size, mean length and
weight of the fish involved in each analysis.

Scale Growth Analysis
We examined the pattern of ring deposition (circuli) in the
scales of cultured fish (n = 20) and escapees (n = 52) to derive
comparative measures of growth. For each individual, five to
ten scales were collected from a standardized region below the
dorsal fin and above the lateral line. Three of the best scales,
having clear, non-regenerated nuclei, were chosen for analysis.
To avoid artifacts caused by excessive early scale erosion, we
excluded scales with distances from the focus to the first circulus
larger than 500 µm. Impressions were made on cellulose acetate
slides using a pressure roller and then scanned with a Minolta
MS 6000 microfiche reader at 23–50 magnifications and saved
as a high-resolution TIFF files, as in Kuparinen et al. (2009).
Starting from the scale focus, the position of each growth circuli
was digitized using ImageJ (Abràmoff et al., 2004) in order to
estimate inter-circuli spacing and scale growth increments. As
scales in sea bass are ctenoid and do not have a single longest
axis, we used scale dimensions, rather than estimates of back-
calculated body size, to compare growth among individuals.
Using scale dimensions for comparing growth assumes that body
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FIGURE 1 | Location of sea bass farms ( ) and sampling sites ( ) in the coastal waters of the islands of La Palma and Tenerife (Canary Islands, Spain).

TABLE 1 | Summary of the sample size (n), mean ± SD fork length in cm (FL) and mean ± SD total weight in g (W) for each analysis performed in this study.

Scale growth/body condition Body morphology/discriminant function

Origin Location Fork length/weight n Fork length/weight n

Feral Tenerife 40.2 ± 11.6/1,113 ± 890 41 41.3 ± 11.3/1,109 ± 856 28

La Palma 26.1 ± 5.6/237 ± 167 11 26.1 ± 5.6/237 ± 167 11

Cultured Tenerife 33.3 ± 2.3/561 ± 118 10 33.3 ± 2.3/561 ± 118 10

La Palma 35.7 ± 1.4/579 ± 112 10 35.7 ± 1.4/579 ± 112 10

size is proportional to scale size (Francis, 1990), but avoids
introducing additional errors resulting from measurements of
body size taken in the field.

The Pearson correlation coefficient was used to estimate the
strength of association between scale radius and body size,
and a paired t-test was used to compare the original scales
and their acetate impressions in order to quantify potential
bias resulting from pressure from the hand roller. To ascertain
precision in scale analysis, we measured the scale radii of 29
individuals twice in a double-blind fashion and calculated the
intra-class correlation coefficient (α-Cronbach) as a measure
of repeatability.

Farmed and feral fish may differ on the spacing between
growth rings, as well as on the size of the scale nucleus
(focus), and the variation in inter-circuli spacing. We therefore
examined the following scale metrics in sea bass: radius from
the scale focus to the first readable circulus (R), as well as
the means (M) and standard deviations (SD) of the distance
between consecutive growth circuli (inter-circuli spacing) for
the whole scale (Mtot), the first twenty circuli (M20ini), and
the last twenty circuli (M20last). Growth profiles were obtained
by plotting circuli number against cumulative scale size and
ordinary least regression was then used to determine growth
slopes (B) for each specimen.

Body Condition Indices
We examined two integrative indicators of body condition that
may be expected to change when farmed fish escape into the
wild: the hepatosomatic index [HSI = liver weight/total weight]
and Fulton’s condition factor [K = 100 × total weight/(total
length)3].

Variation in Body Morphology
To examine the extent of body shape divergence associated with
feralization in sea bass we took standardized photographs of 39
escapees and 20 cultured fish from each island with a Nikon
Coolpix 5400 digital camera. The positions (x, y co-ordinates) of
25 landmarks were digitized using ImageJ and fifteen distances
between selected landmarks were then calculated (Figure 2) using
the program PAST v. 2.16 (Hammer et al., 2001).

Statistical Analysis
Prior to analysis, all morphometric measurements were size
adjusted using the “allometric vs. standard” method proposed
by Elliott et al. (1995) and implemented in PAST 2.15 (Hammer
et al., 2001). We employed a permutational multivariate
analysis of variance (PERMANOVA, McArdle and Anderson,
2001) with fish origin (escape vs. farmed) as a fixed factor
and location (Tenerife vs. La Palma) as an orthogonal
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FIGURE 2 | Landmarks used in the morphometric analysis of sea bass: fork
length (1–3), standard length (1–19), head length (1–9), lateral line length
(8–19), first head depth (4–5), second head depth (6–7), first body depth
(10–11), second body depth (12–13), third body depth (15–16), peduncle
depth (17–18), second dorsal length (12–15), anal fin length (14–16), orbital
depth (20–21), orbital length (22–23), and pectoral length (24–25).

random factor, to examine variation in scale growth profiles
and body shape between cultured fish and escapees based
on Euclidean distances and 10,000 permutations. Pairwise
differences in traits between groups were tested for significance
by Bonferroni-corrected probabilities. Although morphometric
traits were size-adjusted, body size can still account for a
significant amount of morphometric variation (Loy et al., 2000),

FIGURE 3 | Size distribution of cultured and feral sea bass in each island.
Gray area shows the typical size interval of sea bass during culture in sea
cages, determined by the typical size at stocking (c. 100 mm) and the market
size (c. 400 mm).

and large fish are also more likely to show some scale
regeneration than smaller ones (Fritsch, 2005). Hence, we
included fork length (FL) as a covariate in our analysis to
account for differences in body size between farmed fish and
escapees. Principal component analyses (PCA) with varimax
rotation were performed on morphometric and scale traits
and all PCAs with eigenvalues > 1.00 were considered to
be influential (Chatfield and Collins, 1983). A discriminant
function analysis (DFA) was undertaken using the “leave-one-out
classification” to assess the success of size-adjusted morphometric
measurements and scale growth profiles in discriminating
between cultured fish and escapees from the two islands.
Differences in body condition and hepatosomatic index between
feral and farmed fish were tested by paired t-tests at both
islands. We used PRIMER 6+, PAST 2.15 and SPSS 17.0 for
statistical analyses.

RESULTS

Size Distribution of Escapees
Escapees had body sizes that covered the full-size range found
in culture (Figure 3), ranging from the size at which fish were
typically stocked in sea cages (c. 100 mm) to the size at which
they were normally harvested (c. 400 mm). This suggests that
escape events can occur at any time during the production cycle.
We also found 21 escapees (representing 29% of escaped fish, and
all restricted to Tenerife) that had body sizes outside the upper
95% confidence interval of fish found at cages (i.e., >410 mm),
and which are indicative of somatic growth in the wild. In one
extreme case, an escapee had a size of 667 mm and an estimated
age of 7.5 years. Given that farmed sea bass are typically marketed
after 15 months, this would indicate that this fish had been
growing in the wild for at least 6.3 years.
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Scale Growth Profiles of Farmed Fish
and Escapees
There was a small but significant shrinkage of scale radius due
to the acetate impression (matched t28 = −2.46, P = 0.021) but
this amounted to only 1.24% of the scale size and was unlikely
to bias the results, as impressions were made of all scales. More
importantly, repeatability in measuring scale radius was very high
(α-Cronbach = 1.00), and FL was strongly correlated to both
scale radius (r = 0.90, P < 0.001) and number of growth circuli
(r = 0.98, P < 0.001) suggesting that scale measurements can be
used to reconstruct changes in body size in sea bass.

Matched comparisons of scale growth increments between
circuli numbers 20–40 (corresponding to a body size of <90 mm,
before fish were stocked in the cages) and circuli numbers 100–
120 (corresponding to a body size of 171–199 mm, after c.
1 year of growth) revealed very different patterns of growth
between farmed fish and escapees (Figure 4). Thus, farmed
fish (mean scale increment = 0.05 mm, SD = 0.03) grew
on average more than twice as fast than escapees (mean
scale increment = 0.02 mm, SD = 0.04) during this period
(t66 = −2.46, P = 0.016), though some escapees showed evidence
of compensatory growth (as revealed by the frequency of fish
moving up the size rank, Marco-Rius et al., 2012) and ended up
growing as fast as farmed fish did.

Principal component analysis showed that three components
explained 74% of the total variability in scale growth patterns
and served to discriminate between farmed fish and escapees
(Table 2). Results of univariate PERMANOVA indicated that
four variables were significantly higher in escapees than in
farmed fish at α = 0.05: the mean inter-circuli spacing for the
first twenty circuli of the scale (M20ini), the radius from the
scale focus (nucleus) to the first readable circulus (R), and the
variability in inter-circuli spacing for the first twenty circuli
(SD20ini) and the whole scale (SDtot). DFA indicated that 60%
of farmed fish in Tenerife and 70% of farmed fish in La Palma
were correctly classified to their location of origin based on
scale growth patterns. However, escapees were more similar
in scale growth profiles than cultured fish and could not be
assigned to location of capture with any confidence: only 59%
of escapees from Tenerife and 36% of escapees from La Palma
were assigned to the correct island, suggesting that there was
phenotypic convergence in the wild.

Condition Factor and Hepatosomatic
Index
Sea bass had significantly lower hepatosomatic indices (HSI)
in the wild than in the cages at both locations (Tenerife
t34.030 = −4.80, P < 0.001; La Palma t19 = −6.76, P < 0.001).
Body condition factor was also significantly lower amongst
escapees than among farmed fish in one of the islands (Tenerife
t37.718 = −9.28, P < 0.001) but not in the other (La Palma
t19 = 0.40, P = 0.692).

Morphometric Analysis
Farmed and feral sea bass were significantly different in
morphological traits (PERMANOVA pseudo-F = 7.056,

FIGURE 4 | Matched individual comparisons of scale growth increments
attained by cultured and feral sea bass before they were stocked into the
cages (<100 mm fork length, circuli number 20–40) and c. 1 year later
(171–199 mm fork length, circuli number 100–120).

P < 0.001). Discriminant plots reveal a greater separation in
body shape between cultured stocks than between escapees,
which tended to converge on a similar morphotype at the
two locations (Figure 5). Such convergence in body shape of
escapees is reflected in the different classification accuracies of
the discriminant function. Thus, while farmed fish were correctly
assigned to their island of origin in 100% (Tenerife) and 80% of
cases (La Palma), correct classification of escapees decreases to
68% (Tenerife) and 55% (La Palma). Overall, the accuracy of the
morphometric analysis in discriminating between farmed fish
and escapees was 81.4% with the leave-one-out procedure.
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TABLE 2 | Principal component analysis of scale growth profiles and their mean values (×102) for cultured and feral (escapee) sea bass.

PC1 PC2 PC3 Cultured Feral

B 0.89 1.89 ± 0.14 1.91 ± 0.14

Mtot 0.88 1.86 ± 0.13 1.90 ± 0.13

M20ini 0.76 1.65 ± 0.15 1.74 ± 0.14

SD20last 0.87 0.33 ± 0.09 0.39 ± 0.12

SDtot 0.84 0.30 ± 0.04 0.35 ± 0.06

M20last 0.75 1.85 ± 0.23 1.98 ± 0.27

R 0.79 11.68 ± 6.91 17.42 ± 10.35

SD20ini 0.54 0.27 ± 0.05 0.33 ± 0.06

% V. 30.04 29.70 14.55

Eigenvalue 2.40 2.38 1.16

Morphometric traits showing significant (P < 0.05) differences between farmed and feral fish according to PERMANOVA are shown in bold.

FIGURE 5 | Discriminant plots based on size-adjusted morphometric measurements of cultured and feral sea bass (escapees). Group centroids are indicated by
asterisks and inferred phenotypic shifts during feralization are indicated by arrows extending from farms to feral centroids in each island.

Pairwise PERMANOVA comparisons revealed significant
differences in morphometric traits between the groups
recognized in the discriminant plots (Table 3). Thus, while there
were highly significant differences in the body shape of cultured
fish between farms (P < 0.001), no differences were detected
in the body shape of escapees between locations (P > 0.05).
Additionally, there were significant differences between cultured
fish and escapees in Tenerife (P < 0.01) and nearly so in La Palma
after applying a conservative Bonferroni-correction (P = 0.079).
A combination of four principal components explained 79.5% of
the total variation of size-adjusted morphological variables. The
first extracted component accounted for variables related to body
depth and head length and showed that escapees were generally
more streamlined (lower body depth) and had longer heads than

farmed fish (Table 4). The second principal component was
formed mainly by variables related to body size and orbital depth,
which were both higher among escapees than among farmed fish.
The third component accounted for variation in head depths
and showed that farmed fish have deeper heads than escapees.
Finally, the fourth component captured variability in the length
of the anal and dorsal fins, which were larger in farmed fish.

DISCUSSION

Our study reveals that sea bass escaping from fish farms
undergo significant phenotypic changes in the wild and tend to
converge toward a more similar phenotype compared to farmed
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TABLE 3 | Matrix of pairwise PERMANOVA comparisons of body shape between
cultured and feral sea bass at the two study locations.

Group Feral – TF Feral– LP Cultured – LP

Feral – LP 1.000 – –

Cultured– LP 0.019 0.079 –

Cultured– TF 0.002 0.001 0.001

TF, Tenerife; LP, La Palma.
Shown are Bonferroni-corrected pairwise probabilities (significant values in bold)
derived from 10,000 permutations (pseudo-F = 4.11, P < 0.001).

conspecifics. We found clear differences in body shape between
cultured and escaped sea bass, with escapees having smaller body
depths, and more streamlined bodies compared to the fatter,
more rounded body shape of farmed fish. Significant differences
were also found on the relative sizes of the anal and dorsal
fins, which were smaller and less variable in feral fish. Similar
changes have been reported for a range of other species and
serve to highlight the nature of feralization in fish, which is
thought to be guided by a shift in food regime, non-random
survival of maladapted phenotypes, and morphological changes
(Lorenzen et al., 2012).

The fact that the body shape of feral sea bass differed greatly
from that of farmed fish (Table 3 and Figure 5) may be indicative
of high plasticity, as body shape is very dependent on local
rearing conditions on this species. For example, sea bass can
show marked differences in body shape among sea cages, even
when fish originate from the same breeders (Costa et al., 2010),
apparently due to variation in temperature and rearing densities
which affect body shape indirectly through their effects on
growth and swimming activity. Studies on other species have also
documented the strong effects that food regime and swimming
activity can have on body shape (Pakkasmaa and Piironen, 2001;
Marcil et al., 2006).

Morphometric traits in fish are greatly affected by rearing
conditions, environmental complexity, and food source
(Wimberger, 1992; Loy et al., 2000; Hegrenes, 2001; Costa et al.,
2010) and these can differ markedly between fish cages and the
natural environment. An unpredictable food supply, presence
of predators, and a reduction in densities of conspecifics are
amongst the main changes faced by farmed fish when they escape
into the wild (Toledo-Guedes et al., 2014). In this sense, the more
streamlined body shape of feral fish should reduce swimming
costs and improve swimming performance in the wild (Enders
et al., 2004), while the larger anal and dorsal fins of cultured fish
may have resulted from departures from isometric growth under
crowded conditions in captivity.

We found a significant decrease in the hepatosomatic index—
and in many cases also in the condition factor of escapees
(P < 0.001), which may reflect a response to food deprivation
and trophic adjustment following the escape. A period of slow
growth in the first part of the scale followed by a period of
faster growth is also evident in the scales of some escapees
(Figure 4), which may be indicative of compensatory growth
(i.e., fast growth following a period of growth depression typically
caused by food deprivation (Ali et al., 2003; Marco-Rius et al.,
2012, 2013). Compensatory growth has been reported in sea
bass before (Sahin et al., 2000; Dosdat et al., 2003; Rubio
et al., 2010; Chatzifotis et al., 2011), although the underlying
mechanisms remain poorly understood. It is likely that in this
case, compensatory growth may have been the result of trophic
adjustment following escape into the wild, as suggested also by
changes in condition indices.

Trophic adjustment appears in any case to have been short-
lived, at least for those escapees that survived in the wild,
because feral sea bass showed similar values of total inter-
circuli spacing and scale growth slopes than farmed fish. Under
the assumption that scale size is positively related to somatic

TABLE 4 | Principal component analysis for size-adjusted morphometric traits and their mean values (×103), for cultured and feral (escapee) sea bass.

Morphometric trait PC1 PC2 PC3 PC4 Cultured Feral

2nd Body depth 0.92 4.98 ± 0.06 4.91 ± 0.08

1st Body depth 0.80 4.98 ± 0.05 4.97 ± 0.06

Peduncle depth 0.77 3.93 ± 0.04 3.92 ± 0.08

3rd Body depth 0.72 4.21 ± 0.07 4.16 ± 0.12

Head length −0.77 5.05 ± 0.06 5.13 ± 0.08

Orbital length −0.60 2.95 ± 0.11 2.98 ± 0.10

Standard length 0.84 6.49 ± 0.03 6.51 ± 0.12

Lateral line length 0.84 6.18 ± 0.04 6.18 ± 0.09

Fork length 0.82 6.62 ± 0.03 6.63 ± 0.14

Orbital depth −0.78 2.88 ± 0.12 2.97 ± 0.12

Pectoral length −0.61 4.46 ± 0.06 4.50 ± 0.08

1st Head depth 0.91 4.60 ± 0.07 4.62 ± 0.05

2nd Head depth 0.82 4.71 ± 0.04 4.69 ± 0.05

Anal Fin length −0.86 4.52 ± 0.05 4.45 ± 0.11

2nd Dorsal length −0.70 4.86 ± 0.08 4.80 ± 0.08

% Variance 27.86 25.51 14.27 11.90

Eigenvalue 4.18 3.83 2.14 1.78

Numbers in bold indicate significant (P < 0.05) morphometric differences according to PERMANOVA.
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growth—an assumption generally upheld in a number of fishes
(e.g., Cheung et al., 2007; Marco-Rius et al., 2012) and which
appears to be the case also in our study, this would suggest that
escapees can grow in the natural environment as fast as farmed
fish do in fish cages. Yet, growth of feral sea bass tended to
be more variable than in sea cages (as evidenced by the larger
standard deviation in inter-circuli spacing; Table 2), which likely
reflects the greater unpredictability of trophic resources in the
wild, as well as a period of foraging adjustment to natural prey,
which has a strong learning component (Brown and Laland, 2003;
Olsen and Skilbrei, 2010).

Feralization in sea bass appears to involve a sudden and
dramatic shift in food regime and a variable period of starvation,
as reported also for sea bream (Arechavala-Lopez et al., 2012c).
Food deprivation would result in the mobilization of lipids
and subsequent loss of weight, especially hepatic weight (Pérez-
Jiménez et al., 2007), as observed in our study. In this sense,
the presence of recent escapees is suggested by the existence of
several individuals with very high condition factors and high HSI,
more similar to those found amongst cultured fish. Indeed, DFA
on body shape classified 15% of feral fish as farmed fish (see
overlapped individuals in Figure 5), suggesting that these may
have been recent escapees.

We found that feral sea bass had body sizes that extended
over the full-size continuum, between the size at which they
were stocked in the cages and the size at which they are
typically harvested, indicating that sea bass in this region are
escaping at all stages during the production cycle, as found
for other fish farmed in open net cages (Dempster et al.,
2007; Consuegra et al., 2011). A relatively large proportion of
escapees (29%) had body sizes larger than the maximum size
at harvesting, which supports the contention that these were
fish that had been at liberty for some time and grown in
the wild, in some cases for several years. It is possible that
such large escapees have had more time to adapt to natural
conditions and had therefore diverged more from the farm
body template. This would explain why feral sea bass were
morphologically more different from farmed fish in Tenerife
(where all the large escapees were found) than in la Palma, where
all the escapees were below harvest size and thus likely more
recent escapees.

We did not conduct a mark and recapture study of individual
fish, and cannot therefore discriminate between phenotypic
plasticity and selection, although our results are consistent
with both. Thus, the observed phenotypic convergence in the
wild may be indicative of differential mortality of extreme
phenotypes and stabilizing natural selection (Manly, 1985),
while the changes observed in the body shape of escapees,
most notably a more streamlined body and longer heads
may be indicative of phenotypic plasticity (Rogdakis et al.,
2011). Intense selection in the wild would explain why we
failed to find escapees with marked deformities in the wild
(Toledo-Guedes et al., 2009), features that are common among
fish in cages and that suggest that deformed sea bass may
have sustained elevated mortalities following their escape into
shallow coastal waters. Thus, the combination of phenotypic
plasticity, intense selection against maladapted phenotypes, and

a period of initial starvation give a plausible explanation
for the observed results. It must be noted, however, that
phenotypic convergence does not necessarily imply adaptive
change (Garcia de Leaniz et al., 2007) and that variation among
families in their propensity to the escape might have also
affected our results.

Sea bass is a particularly plastic species (Corti et al., 1996;
Loy et al., 2000; Costa et al., 2010) with environmentally
induced sex determination (Vandeputte et al., 2012) and our
results suggest that such plasticity may have aided in the
feralization process by allowing escapees to adapt quickly to
natural conditions. In areas where farmed and wild sea bass
coexist (e.g., the Mediterranean), it would be interesting to
determine how long it takes for escapees to resemble the
wild counterparts. This is something that was outside the
scope of our study but that would help to gain valuable
insights into the scope for introgression. Although it is not
yet known if sea bass escapees have developed self-sustainable
populations in the study area (Toledo-Guedes et al., 2012),
multiple escapes, high propagule pressure and high plasticity
would make this species suitable for establishment off the
coastal waters of the Canary Islands. Such concerns stress the
need for monitoring plans of open-net cages in aquaculture,
particularly when the species being farmed are not naturally
found in the region.
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