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Abstract Lack of detailed knowledge on ecological
niche, life cycles, spatial distribution, reproductive biolo-
gy and space use strongly affects the selection of useful
tools and measures in the conservation of threatened
marine species. Especially for sedentary and slow spe-
cies, behaviour and movement capacities are supposed to
be the most important functional traits. Indeed, behav-
ioural variability concerning available space and the close
presence of individuals is considered a crucial trait for the
population dynamics assessments, especially when dis-
turbances of various causes are present in the environ-
ment. The present study aimed to investigate the site
fidelity and degree of movement of Hippocampus
guttulatus, an emblematic and threatened Mediterranean

seahorse species. With this aim, a number of seahorses
were tagged andmonitored throughout two years within a
limited area of the lagoon of Mar Piccolo of Taranto
(Southern Italy). The studied individuals were initially
morphometrically measured for size, sex and life-cycle
stage and subsequently monitored through repeated four-
month surveys each year. Obtained results indicated high
site fidelity regardless of habitat type. Movement pattern
was in line with the data on congeneric species, although
values were slightly higher. The analyses showed differ-
ences in movement degree among different sexes and
life-cycle stages and indicated greater mobility of adult
females compared to males and juveniles. The investigat-
ed parameters showed a great variability suggesting that
even small-scale environmental factors can influence the
species mobility. Finally, a change in the population
structure has been observed, with the loss of large indi-
viduals in 2016 and reduced recruitment in 2017. These
findings indicated the possible presence of stressors that
could lead to the alteration of the seahorse population at
Mar Piccolo of Taranto.
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Introduction

One of the fundamental challenges at the forefront of
marine conservation biology is to understand the demo-
graphic dynamics of endangered species and how these
dynamics affect the consistency, resilience, and
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recovery of local populations (Oro 2013). A large
amount of data is requested to achieve this, including
both abiotic data for the study of the ecological niche
and biotic data necessary for the definition of biological
cycles, distribution and environmental interactions. The
scarcity of data on ecological niches, reproductive biol-
ogy and species distribution in the marine environment
severely constrains the design of effective conservation
measures to oppose effects of habitat degradation,
overfishing and climate changes (Klein et al. 2013;
Selig et al. 2014). An even greater challenge arises when
dealing with species with peculiar life-cycle traits, such
as sedentary behaviour and specialized nutrition (Foster
and Vincent 2004). Evaluation of movements in space
and time is, indeed, considered as an essential trait for
efficient management and conservation (Pittman and
McAlpine 2003; Botsford et al. 2009). Especially in
cryptic and sedentary marine species, temporal variabil-
ity in movement behaviour (e.g. site fidelity and home
range) might be relevant for ecological surveys
reflecting the impacts of anthropogenic activities
(Burger and Gochfeld 2001). Temporal variability oc-
curs at different time scales (i.e. annual, seasonal, daily),
thus influencing the estimates of abundance and distri-
bution (Naylor 2005; Willis et al. 2006). Species move
according to the needs for better reproduction, growth
and survival, and the less movement they need to fulfil
these requirements, smaller is the space used. However,
the space used by species may be influenced by many
factors, such as environmental fluctuations (Gehring
and Swihart 2004), resource distribution (Hansen
and Closs 2005), population density (Kjellander
et al. 2004) and sex- (Jones et al. 2003) and body
size-dependent energetic requirements (Haskell
et al. 2002; Brown et al. 2004).

Seahorses represent a good example of sedentary
marine fish that have peculiar morphology and life-
cycle traits. They have low swimming capabilities and
are characterized by monogamy, male pregnancy and
lengthy parental care (Curtis and Vincent 2006). These
traits, correlated with energy constraints, involve the
limited use of space and reduced movements, even in
stressful conditions (Caldwell and Vincent 2012).
Therefore, examining how and to which extent
seahorses use space can provide a better understanding
not only of their behavioural diversity but also of sur-
rounding ecological processes. Although threatened
mostly because of their particular life-cycle traits,
seahorses are having an almost worldwide distribution

(Lourie et al. 2016). The long-snouted seahorse
H. guttulatus Cuvier, 1829 can be found throughout
most of Europe and northern Africa, including the At-
lantic Ocean, the Mediterranean and the Black Sea
(Lourie et al. 1999; Lourie et al. 2016). Like all seahorse
species, it mostly practices ambush predation, but can
also adopt active predation tactics when searching for
the prey in the water column or on phanerogams beds
(Curtis and Vincent 2005; Ape et al. 2019). It shows a
tendency to occupy sheltered and complex coastal hab-
itats, although can be found in less complex habitats as
well, at a depth from only a few centimetres to approx-
imately 20 m of depth (Lazic et al. 2018). In conserva-
tion terms, this feature can be interpreted as positive,
since species able to occupy several habitats may be less
prone to extinction (Clark 2000; Gage et al. 2004; Işik
2011). However, according to the IUCN Red List, the
species is currently recognized as ‘Data Deficient’ at a
global level (Pollom 2017), while ‘Near Threatened’ in
the Mediterranean Sea and along the Italian coast
(Pollom 2016; Relini et al. 2017). Unsurprisingly, data
on population status are available for only a small num-
ber of sites throughout the entire species range. The
most comprehensive data come from the studies under-
taken in Ria Formosa lagoon in Portugal (Caldwell and
Vincent 2012; Correia 2015; Curtis and Vincent 2005),
Étang de Thau in France (Louisy 2011) andMar Piccolo
of Taranto in Italy (Gristina et al. 2015, 2017; Lazic
et al. 2018; Ape et al. 2019). The lagoon of Mar Piccolo
of Taranto, together with Étang de Thau, hosts the most
abundant seahorse populations in theMediterranean Sea
(Curtis and Vincent 2005; Caldwell and Vincent 2012;
Gristina et al. 2015; Lazic et al. 2018). Although there
was an increased scientific interest in the last years, the
knowledge on movement patterns, their determinants,
and temporal variability in changing environment,
though on the site fidelity and capacity to migrate from
one habitat to another, is still limited (Curtis and Vincent
2006; Garrick-Maidment et al. 2010; Caldwell and
Vincent 2013). Up to date, mark-recapture studies
highlighted that the long-snouted seahorses usually ex-
hibit high site fidelity and small home ranges (Curtis and
Vincent, 2006), but can travel longer distances due to
the environmental factors, such as food availability or
demographic changes (Caldwell and Vincent 2012).

Using data from seahorses throughout two consecu-
tive years, the aims of the present study were to (i)
investigate the degree of spatial and temporal site fidel-
ity so to characterize movement patterns, and (ii) better
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understand potential factors driving space use of the
threatened long-snouted seahorses in the Mar Piccolo
of Taranto lagoon. By adding new ecological informa-
tion, the final aim of this research was to fill the existing
knowledge gap to informmanagement and conservation
plans for the threatened species.

Materials and methods

The present study was carried out in the marine lagoon
of Mar Piccolo of Taranto (40°28’N, 17°16’W) in
Southern Italy. The study site (Fig. 1) is a shallow-
water area characterized by a continuous reinforced
concrete wall all along the coastline; the area is relative-
ly heterogeneous due to the presence of various habitats,
such as artificial hard substrates (the wall), rocky and
sandy bottom. Artificial hard substrates along the coast-
line are colonized by algal assemblages principally con-
stituted of perennial Cystoseira C. Agardh, 1820 spp.
and other frondose algae, such as Corallina elongata
J.Ellis & Solander 1786, Dictyota dichotoma (Hudson)
J.V. Lamouroux 1809, and by bivalves, sabellid and
serpulid annelids, ascidians, sponges, bryozoans and
hydrozoans (for further description see Gristina et al.
2015, 2017). The rocky bottom is located near the
coastline and forms a belt of approximately four meters
in width. It is characterized by the presence of sparse
small rocks and sporadic artificial objects (e.g., ropes
and iron poles) lying on the sand. Both natural and
artificial structures are usually covered by algal turfs
and other sessile organisms, while underlying sand is
rich in mollusc shells originating from nearby mussel
farms. Subsequently spreads the sandy bottom, at ap-
proximately two meters of depth, that is patchily colo-
nized by sabellid polychaetes (e.g. AcromegalommaGil
& Nishi, 2017 spp., Branchiomma luctuosum (Grube,
1870), Myxicola infundibulum (Montagu, 1808),
Sabella spallanzanii (Gmelin, 1791), S. pavonina
Savigny, 1822).

This study was conducted in two different periods,
from October 2016 (seawater temperature 20 ± 0.2 °C)
to January 2017 (seawater temperature 14 ± 1.1 °C)
(namely 2016; 17 survey events) and from October
2017 (seawater temperature 18 ± 0.8 °C) to January
2018 (seawater temperature 12 ± 0.4 °C) (namely
2017; 16 survey events). Three continuous stations
(18 × 10 m each, 540 m2 in total; Fig. 1) were
established to monitor H. guttulatus during both survey

periods. Each station was divided into 2 × 2 m grids
using a mesh and fixed references placed at the vertices
of each grid. The centroid of each grid was
georeferenced for subsequent analyses. All habitats
present in the area were classified into one of the fol-
lowing major categories: Vertical Substrates (VS),
Sandy Bottoms (SB), Sandy Bottom with Holdfasts
(SBH) or Sandy Bottom with Rocks (SBR).

All seahorses encountered inside the stations were
tagged using degradable PDS (polydioxanone) surgical
suture collars with a numbered plastic tag. Duration of
PDS collars in seawater was a priori examined in the
laboratory, demonstrating stable material properties for
four months. Therefore, the present study had a compa-
rable duration to ensure that the collars would not be lost
before the end of the experiment. All tagging operations
were carried out underwater, and all seahorses were
gently handled for the minimum time to reduce stress.
The habitat of occurrence for each individual was deter-
mined directly in the field. Simultaneously, standard
length (SL) and sex were recorded by photographing
seahorses with a ruler placed as close as possible (Curtis
et al. 2004). Specimens were considered juveniles if
they were < 50% size at maturity, corresponding to a
SL of 96.0 ± 8.0 mm (mean ± SD) (Curtis 2004). Imme-
diately after tagging, all long-snouted seahorses were
monitored for five minutes to check for any sign of
distress; the position at which animal remained longer
than two minutes was considered as a starting point for
further analysis.

Underwater Visual Censuses of tagged animals were
carried out by scuba divers every seven days during
which data on all individuals encountered inside the
stations were collected. Moreover, to intercept individ-
uals leaving the survey area, an additional area of 30 m
around the stations was also monitored. During dives, the
tag (if present), habitat and position of fish were recorded.
Untagged specimens encountered during the dives were
also considered. In such a case, morphometrical mea-
sures were recorded as well.

Spatial and temporal site fidelity of tagged
H. guttulatuswere measured in terms of the home range
surface and maximum distance passed from the location
of initial capture. The surface of home ranges was
estimated with 100% minimum convex polygon
(MCP) using QGIS 2.14.22 (QGIS Development
Team 2016). Only individuals with ≥ three re-sightings
were included in the analysis. Maximum distances, cor-
responding to the longest movement of seahorses in any
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direction relative to the initial capture position, were
calculated using GPS coordinates in QGIS 2.14.22
(QGIS Development Team 2016).

Two sets of linear mixed models (LMMs) were used
to determine if there were any interactions in both home
ranges and maximum distances between sexes and life-
history stages (adults versus juveniles) through time. All
models had fitted normal distribution. A combination of
four variables (sex and size as fixed factors, habitat and
time as random factors) has been examined to pick the
best fit of the predictor variables. ANOVA analysis was
run to evaluate which model provides the best permis-
sion fit of the data. The best-fit valuation was completed
using the differences in Akaike information criterion
(AIC) (Akaike 1973). All statistical analyses were per-
formed in R 3.2.2 (R Core Team 2015) environment
using lmer4 (Bates et al. 2015), Matrix (Bates and
Maechler 2016), MuMIn (Barton 2009) and visreg
(Breheny and Burchett 2017) packages. Preliminary
analyses performed over the entire experimental sample
revealed high data heterogeneity which, linked to the
information on average displacements, induced the use
of three continuous stations as a single experimental unit
to avoid excessive data dispersion.

Ethical note

All surveys were accomplished in accordance with the
conditions of permit 00210337/18.09.2012 issued by
the Italian Ministry of the Environment and Protection
of the Land and Sea, II Division. Since stress due to the
handling was minimized and procedures were carried
out in situ without damaging, sacrificing or removing
any seahorse from the water, approval from the Italian
Institutional Animal Care and Use Committee
“Organismo preposto al benessere degli animali”
(O.P.B.A.) (Article 26 of the Legislative Decree No
26/2014 of the Italian Republic) was not required.

Results

A total of 75 specimens of H. guttulatus were tagged at
the beginning of two survey periods, recording 35 (80%
of females, 20% of males) and 40 individuals (45%
females, 55% males) in 2016 and 2017, respectively.
Tagged seahorses ranged in size from 60 to 100mm (80
± 11.56 mm; mean ± SD) in 2016 and from 70 to
110 mm (90 ± 11.89 mm) in 2017. In 2016, 94% of

Fig. 1 Study area
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the tagged individuals were juveniles and 8% were
adults. In 2017, juveniles contributed 58% and adults
42%. In 2017, the number of individuals belonging to
each category (sex versus life-cycle stage) was similar
throughout the survey period, while in 2016, more ju-
venile females were observed (Fig. 2).

Catch statistics

Repeated surveys of the tagged individuals resulted in
186 sightings during 2016 and 256 during 2017. Two
and six fish were never detected after being tagged in
2016 and 2017, respectively. 46% of the tagged speci-
mens were sighted less than four times in 2016, com-
pared to 35% in 2017. Specimens observed more than
ten times comprised 9% of the total number of tagged
individuals in 2016 and 20% in 2017. The highest

number of sightings per single tagged seahorse was 11
in 2016 and 12 in 2017.

Overall, the highest percentage of sightings per
single survey was 74.29% in 2016 (survey n°1) and
68.29% in 2017 (survey n°8). Excluding the surveys
in which tagged seahorses were not observed (survey
n°16 in 2016 and survey n°7 in 2017), the lowest
percentage of sightings corresponded to 5.71% in
2016 (surveys n°13 and n°15) and 21.95% in 2017
(surveys n°7, n°12 and n°15). During 2016, small
oscillations in the number of sightings of tagged
seahorses were observed between most of the sur-
veys (average 10.41 seahorses per survey). In 2017,
on average, 17.81 seahorses were encountered per
survey, except on the eighth survey when an increase
in the number of tagged seahorses (n = 28 seahorses)
was observed (Fig. 3).

Fig. 2 Number of tagged
individuals expressed as a
percentage of (a) size classes
(mm) in 2016 (black) and 2017
(horizontal lines), and (b) adult
females, juvenile females, adult
males and juvenile males at the
first and last sampling event in
2016 (left) and 2017 (right)
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The highest number of sightings in 2016 was
achieved on the sandy bottom with rocks (SBR,
61.82%) followed by vertical substrates (VS, 27.96%),
sandy bottom with holdfasts (SBH, 9.68%) and uncov-
ered sandy bottom (SB, 0.54%). In 2017, however, most
of the seahorses were re-sighted on vertical substrates
(41.41%), sandy bottom with rocks (35.54%) and sandy
bottom with holdfasts (22.27%), while uncovered sandy

bottom resulted as the habitat with the lowest number of
sightings (0.78%) (Fig. 4).

Contemporary recordings of untagged individuals
permitted to observe differences in the number of tagged
and untagged seahorses in each and between survey
years (Fig. 3). Untagged seahorses were monitored from
the first survey (survey n°1) in both years, showing a
higher number of individuals in 2016 (mean = 59.63

Fig. 3 Number of tagged (black line) and untagged (red dotted line) individuals observed during surveys carried out in 2016 (left) and 2017 (right)

Fig. 4 Distribution of tagged
seahorses among habitats. VS:
vertical substrates; SB: sandy
bottom; SBH: sandy bottom with
holdfasts; SBR: sandy bottom
with rocks
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indiv., max = 96 indiv., min = 8 indiv.) than in 2017
(mean = 6.8 indiv., max = 16 indiv., min = 0 indiv.).

Home range characteristics

Most of the tagged seahorses moved little and remained
within a well-defined area over four months of monitor-
ing during both years (Fig. 5). Indeed, average home
range was 34.93 ± 60.75 m2 (mean ± SD), while 16.87
± 13.17 m2 in 2016 (n = 28) and 51.25 ± 79.99 m2 (n =
31) in 2017 (Fig. 5). In particular, individual home
ranges varied from 0.18 to 50.13 m2 in 2016 and from
1.92 to 441.97 m2 in 2017. In both years, most home
ranges varied between 20 and 50m2 (35.72% of the total
number of tagged and analysed seahorses in 2016 and
29.04% in 2017) or were smaller than 20 m2 (32.14% in
2016 and 22.58% in 2017). However, the number of
individuals with home ranges greater than 50 m2 dif-
fered among survey years: one and six individuals in
2016 and 2017, respectively, had a home range between
50 and 100m2, while none in 2016 and three individuals
in 2017 had a home range greater than 100 m2. Regard-
ing home range in relation to the sex, the average home
range was 17.54 ± 13.01 m2 for females and 14.37 ±
15.01 m2 for males in 2016, and 62.64 ± 114.59 m2 for
females and 41.87 ± 33.5 m2 for males in 2017.
Concerning the life-cycle stage, the average home range
was 15.48 m2 ± 12.63 m2 for juveniles and 34.82 ±
0.76 m2 for adults in 2016, and 56.06 ± 106.73 m2 for
juveniles and 46.13 ± 38.1 m2 for adults in 2017.

The average maximum distance (mean ± SD) in both
years combined was 13.77 ± 10.19 m, while 11.09 ±
7.23 m (range: 1–34.09 m; n = 33) in 2016 and 16.37
± 11.95 m (range: 2.79–44.46 m; n = 34) in 2017
(Fig. 6). Most individuals showed low mobility, and in
fact, 87.88% in 2016 and 73.53% of recaptures in 2017
occurred within 20 m from the tagging location. In
2017, more specimens (26.47%) were found at longer
distances (from 20 to 50 m) than in 2016 (12.12%). In
both 2016 and 2017, females (11.39 ± 7.87m and 16.95
± 12.54 m, respectively) moved longer distances than
males (8.37 ± 4.66 m and 15.9 ± 11.79 m, respectively).
There was also a difference between two life-cycle
stages: adults (20.79 ± 13.63 m in 2016 and 18.42 ±
12.29 m in 2017) moved longer distances respect to
the juveniles in both years (10.08 ± 6.55 m in 2016
and 14.74 ± 11.75 m in 2017).

Full models received the lowest AIC score for both
home range and maximum distance, indicating that

these models are the most parsimonious for the given
dataset and included interaction between sex and life-
cycle stage (Table 1). The model that explicitly demon-
strated the differences among home ranges detected a
significant (p < 0.001) (Table 1) and a positive increas-
ing trend of two variables for adult females.

Results of the LMMs analyses (Fig. 7) highlighted
that the differences in displacements were related to the
life-cycle stage and sex for both home range and max-
imum distance. Both variables were higher in adults
than in juveniles, as well as in females than in males.
No differences were found between habitats and years.
When combining sex and life-cycle stages, in 2016,
adult females, with 34.82 ± 0.76 m2 (mean ± SD) had
the largest home ranges, followed by juvenile females
(16.62 ± 13.21 m2 ) and adult males (15.86 ± 12.46 m2),
while the smallest size of home ranges was observed in
juvenile males (10.71 ± 11.94 m2). In 2017, the largest
home ranges were observed in juvenile females (70.34
± 150.79 m2), followed by adult females (52.38 ±
45.64 m2), while both adult and juvenile males had
similar sizes of home ranges (41.95 ± 34.48 m2 and
41.78 ± 34.73 m2, respectively). Regarding maximum
distances, adult females in both survey years moved
greater distances (20.79 ± 13.63 m in 2016 and 21.6 ±
12.39 m in 2017) than juvenile females (11.08 ± 6.97 m
in 2016 and 13.85 ± 12.33 m in 2017), adult males
(10.09 ± 5.88 m in 2016 and 16.3 ± 12.48 m in 2017)
and juvenile males (8.37 ± 4.66 m in 2016 and 15.54 ±
11.81 m in 2017).

Discussion

Seahorses are characterized by sedentary behaviour,
small home ranges, lengthy parental care and monoga-
my (Foster and Vincent 2004; Curtis and Vincent 2006;
Woodall 2009). These characteristics make them sensi-
tive to the effects of anthropogenic activities and habitat
loss and degradation on a worldwide level (Foster and
Vincent 2004; Pollom 2017). Indeed, it is presumed that
these were the causes that provoked the drastic declines
in seahorse abundances throughout their geographical
range, which resulted in the inclusion of the entire genus
Hippocampus on the IUCN Red List of Threatened
Species and Appendix II of CITES (Vincent et al.
2011; IUCN 2020). As for the Mediterranean Sea, al-
though some data on space use of H. guttulatus are
available (Curtis and Vincent 2006; Garrick-Maidment
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et al. 2010; Caldwell and Vincent, 2012), further infor-
mation on its ecological attributes, including spatial
distribution and site fidelity, movement patterns and
home range size, might be crucial for successful conser-
vation of the species. Through mark-recapture experi-
ment at Mar Piccolo of Taranto, a site that hosts one of
the most important Mediterranean populations of
seahorses (Gristina et al. 2015; Lazic et al. 2018; Ape
et al. 2019), the present study allowed the arguing of the

importance of considering a combination of time scales
and different processes when studying H. guttulatus
movement patterns. Data indicated an overall high site
fidelity and modest species movements, but also
highlighted the existence of variability among individ-
uals, probably due to both abiotic (habitat availability)
and biotic (life cycle stage, sex) factors. The observed
high site fidelity was in line with the previous findings
(Dauwe 1992; Moreau and Vincent 2004; Vincent et al.

Fig. 5 The home range of tagged seahorses when sex and life-cycle stages were combined in 2016 (above) and 2017 (below). Different
colours correspond to different individuals
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2005; Curtis and Vincent 2006; Curtis et al. 2017),
albeit its extent was greater compared to previously
reported results on both target species (Curtis and
Vincent 2006) and congeneric H. hippocampus (Curtis
et al. 2017). The average home range was relatively
small, but variable between the two years. Similar

variability pattern was also found in maximum distance
values, confirming the overall modest mobility of
seahorses. Data indicated the existence of behavioural
patterns linked to sex and life-cycle stages. Adult fe-
males tended to move more respect to adult males,
probably because of the males’ elevated metabolic rates

Fig. 6 Maximum distances passed from the tagging locations in 2016 (above) and 2017 (bellow)
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Table 1 LMM and ANOVA analysis on effects of sex, size (life-cycle stage) and two factors combined on variables: maximum distance
and home range size

LMM ANOVA

Responsible Variable Predictor variables Df AIC BIC Df Pr(> Chisq)

Space use Sex, habitat, year 5 986.63 1007.1

Size, habitat, year 5 996.30 1016.8 0 1.000000

Size, sex, habitat, year 6 975.68 1000.2 1 0.0007693***

Maximum distance Sex, habitat, year 5 3243.2 3263.6

Size, habitat, year 5 3245.4 3265.9 0 1.000000

Size, sex, habitat, year 6 3236.1 3260.7 1 0.000001971***

Fig. 7 Plots of Linear Mixed
Models (LMMs) on home range
size (left) and maximum distance
(right), built by using different
potential predictor factors: life
cycle stage (A- adults, J-
juveniles) and sex (F- females,M-
males). SB: Sandy Bottoms;
SBH: Sandy Bottoms with
Holdfasts; SBR: Sandy Bottoms
with Rocks; VS: Vertical
Substrates
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following pregnancy and brood care (Masonjones and
Lewis 2000) which would favour reduced movements;
indeed, pregnant males have been constantly observed
at least until November, probably because of the
favourable seawater temperatures at this site. The dif-
ferences in movement degree have been already associ-
ated with reproductive behaviour in seahorse species
(Vincent and Sadler 1995; Perante et al. 2002; Bell
et al. 2003; Vincent et al. 2005; Curtis and Vincent
2006; Freret-Meurer and Andreata 2008; Freret-
Meurer et al. 2012; Boehm et al. 2015).

As for habitats, analyses did not reveal the existence
of any relationship between habitat types and movement
degree neither in terms of home range sizes nor in
maximum distances. The availability of multiple habi-
tats can induce specimens to choose and remain in a
restricted area by moving from one habitat to another,
which is an observation that seems consistent with the
patchy distribution of seahorses (Curtis and Vincent
2005; Lazic et al. 2018). However, the results of the
present study indicated the seahorse preferences towards
complex habitats (such as VS, rich in both animal and
vegetal communities, and SBR in which many algal
species grow), following previous studies (Gristina
et al. 2017; Lazic et al. 2018), and the higher density
of individuals in these habitats did not induce greater
movements. The lack of a higher degree of movements
in relation to available habitats may indicate that the area
suitability is evaluated on much broader geographical
scales than at those in which habitats alternate rapidly,
as was the case in this study.

Information on the movement degree of sedentary
fish can provide, directly or indirectly, insights into the
conservation status of habitats and can help define their
suitability when under changes. The species behaviour
is commonly linked to the access to necessary resources,
such as food, shelter and mating while opting for min-
imal movements (Krebs and Davies 1997). Therefore, it
should be expected that sedentary fish will move away
when local environmental conditions become unsuitable
for survival, growth or reproduction. Correia et al.
(2018) have demonstrated that both environmental var-
iables (temperature, light, holdfast availability and food)
and population density can affect the mobility of
seahorses, and indeed, closely positioned seahorses
have a lower tendency to move (Caldwell and Vincent
2012). Respect to the literature data, the results of the
present study have shown thatH. guttulatus has a slight-
ly increased tendency for movements, presumably

indicating the existence of stressing factors. Although
the observed movement pattern could have multiple
causes, including environmental and intraspecific vari-
ability, anthropogenic disturbances and density changes
could have also affected the local community. However,
the drastic reduction in the number of individuals ob-
served in both years, and in particular in 2017, could
partially explain the movement pattern.

Mar Piccolo of Taranto is characterized by particular
environmental and biochemical properties (Caroppo
et al. 2012). It is a semi-enclosed basin, in which hyp-
oxic events can occur during summer when slower
circulation and warmer temperatures can cause the in-
crease of the bottom respiration, impacting, therefore,
not just benthic habitats but also potential prey organ-
isms (Caroppo et al. 2012). Furthermore, various fishing
activities on molluscs and other edible organisms take
place in the basin. These activities impact the substrate
consistency but also directly influence the population
dynamics of numerous species. Indeed, the seahorse
population showed a high density of juveniles and the
absence of large reproductive adults (above 100mmSL)
in 2016. Although a high number of young recruits
could indicate a good ecological state of the population,
the lack of large reproductive individuals seems to con-
firm the consistent disturbance events. Indeed, in 2017,
the population underwent a shift towards larger sizes
(above 100 mm SL) with the disappearance of smaller
recruits (below 60 mm SL). Besides, at the end of the
first year’s surveys (January 2017), only juvenile fe-
males were present in the investigated area. At least
partially, the effects of anthropic disturbances may also
have been responsible for the observed variations in the
occurrence of seahorses among habitats. Indeed, it
seems that seahorses preferred different habitats in two
consecutive years since most of them were found in
SBR during 2016 and in VS during 2017. Since fishing
activities that use static or mobile gears mainly operate
on horizontal uncovered bottoms, habitats on vertical
substrates could be more conserved (Gristina et al.
2017), and as such, could represent a refuge area for
many species.

Although the disappearance of an important popula-
tion fraction (17.5% of the tagged individuals and ap-
proximately 50% reduction of the total population) dur-
ing 2017 may have natural causes (e.g. Boehm et al.
2015), such as turnover of individuals or migration to
deeper waters due to worsening weather conditions in
winter, it is important to point out that a similar
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phenomenon has never been observed in more than ten
years of monitoring in the same area (Gristina et al.
2015, 2017; Lazic et al. 2018; Ape et al. 2019). The
observed scenario may have several explanations, in-
cluding that tagged seahorses could have left the study
area, thereby indicating a greater home range than
assumed. Secondly, they could have been hidden, but
this is unlikely since surveys were always performed
by three divers that examined the area in detail. Lastly,
they could have been caught supporting, in that case,
indications of seahorse harvesting. Indeed, it has been
recently published a report (https://veraleaks.org/)
confirming the presence of an illicit seahorse trade for
the needs of the Asian market. This new threat to the
seahorse population could have had a dramatic effect
and could help explain the sudden decrease in the
number of specimens in 2017. Effectively, direct
exploitation of seahorses for commercial purposes
could be a stressor leading to density reduction
(Foster and Vincent 2004; Vincent et al. 2011; Stocks
et al. 2019), which is a scenario that appears even more
critical when the reduction occurs in one of the most
important seahorse populations in the Mediterranean
Sea (Gristina et al. 2015; Lazic et al. 2018). Taranto
Mar Piccolo, indeed, represents an important ecologi-
cal and genetic resource for the entire Mediterranean
seahorse population, because of both high population
density (Gristina et al. 2015; Lazic et al. 2018) and
peculiar genetic traits (Lazic et al. 2020, in press).
However, despite the protection regime dictated by
international protocols, there is a lack of effective laws
and tools allowing their local conservation. Low mo-
bility and inhabitation of shallow habitats, where nu-
merous anthropic activities are carried out, mean that
Taranto Mar Piccolo’s seahorses are more threatened
and exposed to risks which, in the long run, could
compromise their ecological stability. Therefore, it is
necessary to identify and quantify the sources of dis-
turbances while measuring the species responses to
them. The results of the present study demonstrated
that small-scale phenomena, such as the presence of
suitable habitats and variability of home range, should
be considered in the design of efficient conservation
strategies.
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