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Abstract

Pipefish are a vulnerable and diverse group of ichthyofauna tightly associated with seagrass meadows, key habitats in shallow 
marine areas. Despite their charismatic role, the main ecological features, habitat, and diet of this group remain largely unknown. 
This study focuses on assessing pipefish habitat and feeding preferences, including different hosting seagrasses such as Posidonia 
oceanica and Cymodocea nodosa from the Balearic Islands, western Mediterranean. Four species (Syngnathus typhle, S. abas-
ter, Nerophis ophidion, and N. maculatus) were found associated to different seagrasses. S. typhle and N. maculatus were more 
frequent in P. oceanica meadows, while S. abaster and N. ophidion in C. nodosa. Individuals of all species captured in P. oce-
anica were larger than those living in C. nodosa, suggesting a size-dependent habitat preference. Feeding preferences, however, 
were driven by prey availability and fish features, e.g., head/snout morphology. For the first time in the western Mediterranean, 
a thorough description of the diet and potential prey of this group was carried out. Epifaunal assemblages (potential prey) were 
dominated in both habitats by harpacticoid copepods and gammarid amphipods, and they were also the primary prey according 
to stomach contents of all species. These results can contribute to future pipefish conservation and management actions, such as 
targeting crucial habitat identification and designing culture and reintroduction protocols. 
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Introduction 

Syngnathidae is a family of fish found in temperate and 
tropical seas across the world, which includes seahorses, 
pipefishes, pipehorses, and seadragons. The name of this 
family is derived from Greek, “syn”, meaning “fused” 
or “together”, and “gnathus”, meaning “jaws”. Thus, the 
elongated tubular snout with a fused and toothless jaw 
is a particular trait of this family (Leysen et al., 2011), 
which determines their particular feeding ecology as 
specialized suction feeders (Muller & Osse, 1984). The 
type and size of prey consumed vary depending on the 
species, size of the snout, and the mouth opening (Lyons 
& Dunne, 2004). Syngnathids mimic seagrass leaves in 
shape, color, and orientation, and thus, within the mead-
ows, they remain inconspicuous to predators (Howard & 
Koehn, 1985; Fuller & Berglund, 1996). Their predation 
strategies are limited by their rigid body and mode of 
swimming, mainly done by fast undulations of the dor-
sal and pectoral fins, combined with body undulations 
for rapid movement (Lindsey, 1978; Ashley‐ross, 2002; 
Neutens et al., 2017). They are cryptic and sit-and-wait 
predators (Tipton & Bell, 1988; Franzoi et al., 1993). 

Among syngnathids, pipefish are the most abundant 
group in Mediterranean waters (Franzoi et al., 2010), 
where 10 species have been reported, all of them included 
in the IUCN Red List of Threatened Species. Pipefish are 
a charismatic component of the ichthyofauna in vegetated 
coastal and estuarine lagoon habitats (Howard & Koehn, 
1985; Campolmi et al., 1997). In the Mediterranean Sea, 
they are usually associated with seagrass meadows (Vin-
cent et al., 2011) as nursery and feeding grounds (Teix-
eira & Musick, 1995). In the oligotrophic waters of the 
Mediterranean (Fourqurean et al., 2007), there are seven 
seagrass species (Short & Coles, 2001), being Posidonia 
oceanica (Mediterranean endemism) and Cymodocea no-
dosa, the most abundant between 0.2–45 m depth (Green 
& Short, 2003). P. oceanica creates dense meadows (300 
to 1000 shoots/m2) with a compact root-rhizome mat 
and a high leaf stratum, achieving canopy heights of 1 
m during early summer (Drew & Jupp, 1976). C. nodo-
sa, in turns, may also develop high density meadows (up 
to 2000 shoots/m2) (Terrados et al., 2006) but the leaf 
stratum is lower (<50 cm), leaves are thinner with a less 
compact rhizome mat (Rull et al., 1996). The abundance 
and diversity of the epifaunal communities associated to 
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these meadows differ in species composition and abun-
dance, related to plant characteristics such as leaf mor-
phology or shoot density (Orth et al., 1984). Mediterra-
nean epifaunal communities are dominated by copepods 
and amphipods (Connolly & Butler, 1996; Sánchez-Jerez 
et al., 1999), which also play an important role as trophic 
resources for fish. It has been previously reported that the 
feeding preferences of pipefish correspond to small crus-
tacean conforming seagrass epifauna (Lyons & Dunne, 
2004; Oliveira et al., 2007; Taçkavak et al., 2010). How-
ever, seagrasses are facing a rapid decline worldwide due 
to anthropogenic stressors, which may affect their growth 
and distribution and may lead to the local extinction or 
displacement of species associated with them (Waycott 
et al., 2009). 

In the scenario of threatened species associated with 
habitats in regression, it is relevant to determine the dis-
tribution and abundance and relationships between hab-
itat and life traits. Therefore, the main objectives of this 
study were to assess the abundance of syngnathid spe-
cies in western Mediterranean meadows and to determine 
their feeding habits, linking prey preferences with pipe-
fish morphometry and with the epifaunal community as-
sociated to seagrasses inhabited by pipefish. 

Materials and Methods

Study area and sampling design

The study was conducted in two seagrass habitats of 
the Balearic Islands, Mediterranean Sea. A comparative 
approach was adopted; the same procedures were used in 
two Posidonia oceanica meadows in South Mallorca (i.e., 
Cala Gamba, 39º32.050’N 2º42.526’E; and Port d’An-
dratx, 39º32.356’N 2º22.437’E) and one Cymodocea no-
dosa meadow in Cabrera Archipelago (i.e., Es Burri Bay, 
39º8.604’N 2º57.524’E). Samples were taken every two 
months, approximately from June 2016 to December 2018. 
During the study, seawater temperature ranged between 14 
ºC and 27 ºC. Temporal patterns were assessed considering 
a warm season and a cold season (Tª >20ºC and Tª <20 ºC, 
respectively) (Shaltout & Omstedt, 2014).

Field sampling

Pipefish were first sampled by visual censuses and 
second by using a small trawl net called “gambera” or 
“gánguil” (in Spanish) traditionally used to catch fishing 
bait; a light-weight epibenthic trawl with a rolling stain-
less steel cylinder in the bottom of the mouth that protects 
the P. oceanica and C. nodosa leaves from snagging and 
tearing while operating. The beam trawl was 3 m long 
and had a 0.8 m mouth aperture with a 1.2 cm2 mesh size 
(Alós et al., 2014). A total of 151 transects were run that 
varied in length between 30 and 500 meters, depending 
on the meteorological conditions and seafloor topogra-
phy. GPS positions were taken at the beginning and end 
of each transect to estimate the trawled area. The transects 

were performed during daylight hours at a depth range 
of 1.7–16.5 m. Species identification was done on board 
(n = 105) and fish were returned to the sea, except for a 
subsample of fish from the total (those captured between 
June 2016 and April 2018). These fish were anesthetized 
to death with an overdose of anesthetic in solution (tric-
aine methanesulfonate, MS-222; concentration: 0.1–0.2 
g/L), preserved in absolute ethanol, labeled and trans-
ported to the laboratory inside coolers with ice pads for 
length measurements in the laboratory and further pro-
cedures (e.g., stomach content, morphological features). 

The epifaunal community was sampled in order to as-
sess potential or available prey for syngnathids inhabit-
ing seagrass meadows. Five replicated samples were ran-
domly collected by scuba divers in each meadow and fish 
sampling day. Nylon mesh bags (125 μm) covering a 314 
cm2 surface of sea-bottom (20 cm diameter) were used. 
The bag was placed over the seagrass seafloor and leaves 
were removed by cutting at sediment surface level with 
scissors, so that all the organisms conforming to epifauna 
living associated with the seagrass leaves were trapped in 
the bag (Tuya et al., 2011). Samples were processed right 
after collection, labeled and conserved in 70% ethanol, 
for further identification and analysis in the laboratory. 
The abundances of each taxonomic group were standard-
ized by dividing total abundances for every 100 cm2 of 
the foliar surface.

Laboratory procedures

Pipefish total length (distance from the tip of the snout 
to the tip of the longer lobe of the caudal fin) was mea-
sured to the lowest millimeter (n = 102 out of the total 
n = 105; three individuals were not photographed, and 
therefore not analyzed, before turning them back to the 
sea) with the image processing and analysis device Im-
ageJ2 (Rueden et al., 2017), and a subsample (n = 43) 
was used to take head morphometric measures (Fig. 1) 
using a precision caliper. To minimize the influence of 
size differences on the subsequent results, the morpho-
metric measurements were standardized (Kupren et al., 
2008; Lawson et al., 2013; Yildiz et al., 2015). Head 
Length (HL) was standardized by Total Length (TL) and 
Snout Length (SL), Minimum Snout Height (MSH), Eye 
Diameter (ED), Mouth Height (HM) and Mouth Width 
(WM) were standardized by HL (Cakić et al., 2002; 
Yildiz et al., 2015).

For the stomach contents, after fixation of the whole 
individuals in 70% ethanol, necropsy was performed at 
the laboratory. Fishes were dissected and their digestive 
tracts extracted and opened. Syngnathids have a tube-
shaped digestive tract, with no differentiation between 
stomach and intestines (Tipton & Bell, 1988), so all 
digestive tract was analyzed. A transverse incision was 
used to expose the contents from the esophagus to the 
anus. The food items were removed and identified at the 
minimum taxonomic level possible (Abel & Riedl, 1986) 
under a LEICA MZ16 binocular stereo microscope. 
Empty tracts were also recorded, and sometimes items 
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were impossible to identify due to digestion. Because of 
the difficulty in determining the individual weights and 
lengths of prey items, they were just counted and then 
pooled into the following dietary categories: harpacticoid 
copepods, gammarid and caprellid amphipods, ostracods, 
decapods, acarus, and teleosts. 

Epifaunal community samples were processed, sep-
arating leaves and the mobile organisms. Fauna was 
analyzed under a LEICA MZ16 binocular, categorizing 
individuals into broad taxonomic units to class/order lev-
el (Abel & Riedl, 1986) such as: copepods, gammarid 
and caprellid amphipods, ostracods, decapods, isopods, 
tanaidaceans, cumaceans, mysidaceans, acarus, panto-
pods, cnidarians, gastropods, polyplacophora, bivalves, 
annelids, sipunculids, chaetognaths, turbellarians, echi-
noderms, nematodes, and teleost. The length and width 
of all leaves in each sample were measured, as well as 
leaf and epiphyte dry weight, in order to determine foliar 
surface and foliar biomass as a proxy of habitat availabil-
ity and to standardize organism abundances. Community 
diversity was also determined by the Shannon-Wiener 
Diversity Index (Spellerberg & Fedor, 2003). 

Data analysis 

Pipefish presence/absence, number of captures, and 
estimated abundances (average number of individuals per 
squared kilometer of trawled seafloor surface and their 
standard errors) were calculated for each transect for the 
different species, seasons, and habitats. The low numbers 
of individuals collected in many transects discouraged 
statistical analysis to evaluate differences in pipefish 
abundances among species and locations. For this reason, 
and due to the similar ecological characteristics of both 

meadows (i.e., depth, extension, and water temperature), 
Cala Gamba and Port d’Andratx data were merged as the 
P. oceanica habitat. Pipefish abundances were graphical-
ly evaluated and body size distributions were compared 
with the Mann–Whitney U test in both habitats (P. ocean-
ica and C. nodosa) and seasons (cold and warm) for each 
species. Throughout the study, non-parametric analyses 
were used when neither the untransformed nor the log-
arithmic or square root transformed data met normality.

Pipefish morphometric measurements (HL, SL, MSH, 
ED, HM, and WM) were evaluated on a pipefish subsam-
ple through principal component analysis (PCA) in order 
to identify the main morphometric characters causing dif-
ferences between species. A general linear model (GLM) 
was used to test correlations between morphometric char-
acters and if these correlations were species-dependent. A 
one-way ANOVA analysis (factor: species; levels: S. ty-
phle; S. abaster, N. maculatus, and N. ophidion) was used 
comparing the main character identified by PCA to test if 
differences between species were significant. To test dif-
ferences between head morphometry characters of each 
species depending on the habitat and season, a one-way 
ANOVA was performed in those species where we had 
found individuals in the same habitat during both seasons 
or in both habitats during the same season. Factors used 
in this ANOVA were habitat (levels: P. oceanica and C. 
nodosa) and season (levels: cold and warm), depending 
on the species.

Feeding preferences of pipefish were assessed through 
four indexes: the frequency of occurrence of a specific 
prey (%O = [frequency of prey item/total frequency of 
overall prey items in this species] x100); frequency of 
appearance (%A = [number of stomachs containing prey 
i/number of stomachs containing prey] x100); prey-spe-
cific abundance (%Pi = [number of prey i in stomachs 

Fig. 1: Representation of the biometric parameters analyzed on pipefish heads [modified from Franzoi et al. (1993)]. HL, head 
length (distance from the tip of the snout to the operculum); SL, snout length (distance from the tip of the snout to the end of the 
eye); MSH, minimum snout height (minimum vertical distance in the middle of the snout); ED, eye diameter (horizontal distance 
of the eye); HM, mouth height (maximum height opening of the mouth); WM, mouth width (maximum width opening of the 
mouth). All of them were measured in mm. 
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containing prey i/total number of prey in stomachs con-
taining prey i] x100), and vacuity index (%VI = [number 
of empty stomachs/total number of stomachs] x100); and 
through Amundsen (1996) modification of the Costello 
(1990) graphical analysis method. A principal component 
analysis was used to evaluate the differences between the 
diets of each species. To test significant contribution of 
different prey types to these differences, Kruskal–Wallis 
tests were performed. Differences in the diet, depending 
on habitat and season, were tested with one-way ANOVA 
with the same criteria as the previous ANOVA. Factors 
for this analysis were habitat (levels: P. oceanica and C. 
nodosa) and seasons (levels: cold and warm). The Spear-
man correlation coefficient was used to test if morpho-
metric characters and stomach contents (%O) were cor-
related. 

Two analytical approaches were used to study the 
epifaunal community diversity: direct analysis of com-
munity composition (PERMANOVA) and the calculation 
of the Shannon–Wiener Index (H’). Differences in stan-
dardized abundances (i.e., abundance of each taxa/100 
cm2 of leaf) of epifaunal communities between habitats 
and seasons were firstly analyzed with a two-factors 
PERMANOVA. This approach was based on the null hy-
pothesis of no difference in the community assemblage 
composition between the two habitats and across the two 
seasons considered. A Kruskal–Wallis test was used to 
evaluate which taxa had an influence on the differences 
found among sampling habitats and seasons. Spearman 
correlation coefficient was also used to evaluate the as-
sociation between coincident groups of epifaunal com-
munity assemblages (standardized abundance by foliar 
surface) and pipefish stomach contents (%O). 

All graphics were plotted using SigmaPlot 8.0.2 and 
ggplot2 package for RStudio (Wickham, 2016). Statisti-
cal analyses were performed using PERMANOVA+ add 
on PRIMER 6 (Plymouth Routines in Multivariate Eco-
logical Research) and STATISTICA 7.1 (StatSoft Inc., 
Tulsa, OK, USA) software.

Results

Pipefish populations and biometrics 

A total of 105 pipefish specimens of 4 different spe-
cies (Syngnathus typhle, S. abaster, Nerophis maculatus, 
and N. ophidion) were captured during the study (Table 
1). S. typhle was the most abundant species in the P. oce-

anica meadows during the study period, but it was mainly 
captured during the warm season. Conversely, in C. no-
dosa meadow, S. typhle was captured in both warm and 
cold seasons. S. abaster dominated the captures through-
out the year in C. nodosa. Regarding N. maculatus (N = 
11) and N. ophidion, (N = 11), the first was more abun-
dant in P. oceanica and the second in C. nodosa, both 
during the cold season. 

All pipefish species showed higher TL in P. oceanica 
meadows (mean values for fish found in P. oceanica and 
C. nodosa respectively were: S. typhle: 13.3 cm and 7.9 
cm; S. abaster: 10.3 cm and 8.8 cm; N. maculatus: 25.0 
cm and 9.0 cm; N. ophidion: 19.9 cm and 14.0 cm), but 
significant differences were only found for S. typhle (U = 
79.00, Z = 3.41, p <0.005) and N. maculatus (U = 0.00, 
Z = 2.56, p <0.05) (Fig. 2). No significant differences 
in TL were found for S. abaster or N. ophidion between 
habitats. Considering TL related to seasons, significant 
differences were only revealed for S. abaster in C. no-
dosa (U = 84.00, Z = -3.28, p <0.005), where pipefish 
captured during the cold season presented longer total 
lengths (mean = 10.05 cm; SE = 0.44) than in the warm 
season (mean = 7.57 cm; SE = 0.55). 

Morphometric descriptors %HL/TL and %SL/HL 
were the main contributors to the morphometric variabil-
ity among pipefish species (96.1% of variation explained 
by axis 1, eigenvalue=39.4), and both descriptors were 
strongly correlated between them (Pr coefficient >0.001) 
and with the rest of morphological descriptors measured 
(Pr coefficients >0.05). These correlations were not spe-
cies-dependent except for %HL/TL-%ED/HL. Subse-
quent analyses of morphological features were then car-
ried out only with %HL/TL. One-way ANOVA revealed 
statistically significant differences among the four spe-
cies considered (%HL/TL F = 90.6065). S. typhle pre-
sented the highest %HL/TL, followed by S. abaster, N. 
ophidion and N. maculatus, respectively (Fig. 3). Com-
parisons between habitats for S. typhle showed no signif-
icant differences during the warm season (F = 3.710). No 
differences between seasons were found for S. abaster on 
C. nodosa (F= 2.9487). 

Feeding preferences 

Harpacticoid copepods and gammarid amphipods were 
the most frequent pipefish preys in the stomach content 
analyses (Table 2, Fig. 4). For S. typhle, the main prey was 
harpacticoid copepods in both habitats (%O = 76-97.7; %A 

Table 1. Pipefish total number of captures (Abund) and estimated densities (Dens: number of individuals per squared kilometer) 
for each species captured during the study per habitat and season.

    P. oceanica C. nodosa
    Warm Cold Warm Cold

S. typhle Abund // Dens 20 // 6.15 0 // 0 16 // 2.36 5 // 1.11
S. abaster Abund // Dens 0 // 0 1 // 0.28 20 // 2.95 21 // 4.65
N. maculatus Abund // Dens 2 // 0.24 5 // 2.24 3 // 0.44 1 // 0.22
N. ophidion Abund // Dens 1 // 0.2 0 // 0 1 // 0.14 9 // 1.99
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= 66.7– 100; %Pi = 88.4–93.8), followed by teleosts and 
decapods (%O = 8–12; %A = 33.3; %Pi = 40–75) in P. 
oceanica, and gammarid amphipods in C. nodosa (%O = 
6.3; %A = 62.5; %Pi = 15). The vacuity index was equal to 
33.3% for S. tyhple. For S. abaster, harpacticoid copepods 
(%O = 37.7–60.8; %A = 80–100; %Pi = 39.4–60.8) and 
gammarid amphipods (%O = 33–44.9; %A = 100; %Pi = 
33–44.9) were the main preys in both habitats, followed by 
ostracods in C. nodosa. No empty stomachs were found 

for this species. N. maculatus main prey were harpacticoid 
copepods (%O = 84.4; %A = 100; %Pi = 84.3). Second-
ary preys were gammarid amphipods and ostracods (%O = 
9.5–5.4; %A = 100–66.7; %Pi = 9.5–6.3). On the opposite, 
N. ophidion main preys were gammarid amphipods (%O = 
57.5; %A = 100; %Pi = 57.5). Secondary preys were har-
pacticoid copepods (%O = 42.5; %A = 100; %Pi = 42.5). 
N. maculatus and N. ophidion presented a 40% and 33.3% 
values for the vacuity index respectively. According to the 
Amundsen (1996) graphical analysis (Fig. 5), certain indi-
viduals of S. typhle in P. oceanica presented a clear special-
ization in the ingestion of decapods (%O = 12; %Pi = 75).

The main differences between pipefish diets were 
caused by harpacticoid copepods, gammarid amphipods, 
ostracods, and teleosts (Fig. 6). Significant differences 
between pipefish species ingestion were only found for 
gammarid amphipods and ostracods (H = 24.23 and H = 
20.32, respectively). Differences in the diet composition 
between habitats were tested for S. typhle in the warm 
season and results showed no differences for fish inhab-
iting P. oceanica and C. nodosa. For differences between 
seasons, S. abaster individuals found in C. nodosa were 
tested and significant differences were found on the in-
gestion of harpacticoid copepods (F = 6.21). Pipefish 
morphometric characters (TL, %HL/TL and correlated 
ones) were negatively correlated to pipefish ingestion of 
harpacticoid copepods (R = –0.44), gammarid amphipods 
(R = –0.51) and ostracods (R = –0.41) and positively cor-
related to teleost ingestion (R = 0.31).

Fig. 2: Total Lengths (cm) of a) S. typhle b) S. abaster c) N. maculatus and d) N. ophidion. Boxplots show mean, confidence 
intervals, error bars and outliers. Sample size and significant difference between habitats according to Mann–Whitney U test are 
also showed: *** = p <0.005; ** = p <0.01; * = p< 0.05; ns = no significant.

Fig. 3: Pipefish species differences on %HL/TL. Boxplot show 
mean, confidence intervals, error bars and outliers. Sample size 
and significant difference between species according to One-
Way ANOVA test are also showed: *** = p <0.005; ** = p 
<0.01; * = p <0.05; ns = no significant.
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Table 2. Pipefish stomach contents including number of prey items (Abund), percentage frequency of occurrence (%O), percent-
age frequency of appearance (%A) and percentage prey-specific abundance (%Pi) for every habitat and season analyzed during 
the study.

    P. oceanica C. nodosa

    Warm Cold Warm Cold

    Abund %O %A %Pi Abund %O %A %Pi Abund %O %A %Pi Abund %O %A %Pi

S.
 ty

ph
le

Harpacticoida 38 76 66.7 88,4 - - - - 330 93.8 100 93.8 - - - -

Gammaridae 1 2 16.7 33,3 - - - - 22 6.3 62.5 15 - - - -

Caprelidae 0 0 0 0 - - - - 0 0 0 0 - - - -

Ostracoda 0 0 0 0 - - - - 0 0 0 0 - - - -

Decapoda 6 12 33.3 75 - - - - 0 0 0 0 - - - -

Acari 1 2 16.7 12.5 - - - - 0 0 0 0 - - - -

Teleostei 4 8 33.3 40 - - - - 0 0 0 0 - - - -

S.
 a

ba
st

er

Harpacticoida - - - - 4 57 100 57.1 188 60.8 100 60.8 26 37.7 80 39.4

Gammaridae - - - - 3 43 100 42.9 102 33 100 33 31 44.9 100 44.9

Caprelidae - - - - 0 0 0 0 0 0 0 0 0 0 0 0

Ostracoda - - - - 0 0 0 0 18 5.8 75 7.6 11 15.9 80 19,6

Decapoda - - - - 0 0 0 0 1 0.3 12.5 1,6 1 1.4 20 4

Acari - - - - 0 0 0 0 0 0 0 0 0 0 0 0

Teleostei - - - - 0 0 0 0 0 0 0 0 0 0 0 0

N
. m

ac
ul

at
us

Harpacticoida - - - - 124 84 100 84.4 - - - - - - - -

Gammaridae - - - - 14 9.5 100 9.5 - - - - - - - -

Caprelidae - - - - 1 0.7 33 3.2 - - - - - - - -

Ostracoda - - - - 8 5.4 67 6.3 - - - - - - - -

Decapoda - - - - 0 0 0 0 - - - - - - - -

Acari - - - - 0 0 0 0 - - - - - - - -

Teleostei - - - - 0 0 0 0 - - - - - - - -

N
. o

ph
id

io
n

Harpacticoida 0 0 0 0 - - - - - - - - 17 42.5 100 42.5

Gammaridae 0 0 0 0 - - - - - - - - 23 57.5 100 57.5

Caprelidae 0 0 0 0 - - - - - - - - 0 0 0 0

Ostracoda 0 0 0 0 - - - - - - - - 0 0 0 0

Decapoda 0 0 0 0 - - - - - - - - 0 0 0 0

Acari 0 0 0 0 - - - - - - - - 0 0 0 0

Teleostei 0 0 0 0 - - - - - - - - 0 0 0 0
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Fig. 4: Comparative stomach contents percentage frequencies of occurrence (%O) of every type of prey for every species and 
habitat studied.

Fig. 5: Comparative feeding strategy graphical analysis according to Amundsen (1996) modification of the Costello (1990) meth-
od: a) P. oceanica habitat – warm season, b) P. oceanica habitat – cold season, c) C. nodosa habitat – warm season, and d) C. 
nodosa habitat – cold season. The diagonal axis from the lower left to the upper right corner measures prey importance in the diet 
(dominant prey in the upper and rare or unimportant prey at the lower end). The diagonal axis from the lower right to the upper 
left corner measures the specialization of the predator population (lower right) or the specialization of individual predators (upper 
left). The vertical axis represents the feeding strategy, from generalization in the lower end and specialization in the upper end.
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Epifaunal community 

Invertebrate communities from the C. nodosa mead-
ow showed higher abundances (referred to 100cm2 of fo-
liar surface, correlated to foliar dry weight; R = 0.93) than 
those from P. oceanica (Table 3). In both habitats, stan-
dardized abundances of epifauna were higher during the 
cold period. These differences were statistically different 
(Pseudo-F = 29.862 for differences between habitats; 
Pseudo-F = 3.4839 for differences between seasons in 
each habitat). Conversely, epifaunal communities showed 

similar values of diversity in terms of H’ for each habitat. 
However, in both P. oceanica and C. nodosa meadows, 
diversity decreased during the cold period.

Differences between habitats were mainly due to the 
abundance of some taxa such as caprellid and gammarid 
amphipods, gastropods, or bivalves (Table 4). Concerning 
differences between seasons within each habitat, signifi-
cant differences were found for several taxa such as har-
pacticoid copepods, ostracods, tanaidaceans, cumaceans 
or gastropods in P. oceanica and only for gammarid am-
phipods and opisthobranchs in C. nodosa (Table 4). 

Regarding potential relationships among diet compo-
sitions of each species and presence of potential preys 
(epifaunal communities) on both seagrasses, the Spear-
man Rank R test revealed a correlation between the %O 
of each prey in the diets of S. abaster and N. maculatus 
and the composition of the epifaunal communities (stan-
dardized epifaunal abundances by foliar surface) present 
in P. oceanica (R = 0.49 and R = 0.47 respectively). Ad-
ditionally, in the C. nodosa meadows, there was a cor-
relation between the %O of S. typhle, S. abaster, and N. 
ophidion and the invertebrate community assemblage in 
terms of standardized epifaunal abundances by foliar sur-
face (R = 0.49 for S. typhle; R = 0.46 for S. abaster, and 
R = 0.49 for N. ophidion (Fig. 7).

Discussion

The present study showed that seagrass meadows in 
the Balearic Islands harbor pipefish assemblages domi-
nated by S. typhle and S. abaster; but N. ophidion and N. 
maculatus were also present in these coastal communi-
ties. The distribution range of S. typhle and N. ophidion 
comprehends the northeast Atlantic as well as the North, 
Baltic, Mediterranean, and Black Seas (Pollom, 2014, 
2015). S. abaster and N. maculatus are only present in 

Fig. 6: PCA results for differences between pipefish species di-
ets. The analysis explains 82.2 of cumulative variation (64.5% 
PC1, eigenvalue 1.49; 17.7% PC2, eigenvalue = 0.41), mainly 
depending on harpacticoid copepods, gammarid amphipods, os-
tracods, and teleosts.

Fig. 7: Correlation between percentage frequencies of occurrence (%O) found in pipefish stomach contents and epifaunal com-
munity composition (standardized abundances by foliar surface) are shown for a) P. oceanica and b) C. nodosa. Histogram bars 
represent epifauna abundance and dot diagrams represent the %O of the pipefish species diets.
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the northeast Atlantic surrounding Spain and Portugal 
and the Mediterranean and Black Seas (Freyhof, 2016; 
Wiswedel, 2016). 

The low abundance of these species in the study area, 
as well as their protected status in coastal ecosystems, 
precluded obtaining more samples. However, as they 
are assessed at a global scale as Least Concern (LC) and 
Data Deficient (DD) by the IUCN Red List of Threat-
ened Species, the results presented here are a significant 
contribution towards a better knowledge of syngnathids. 
Moreover, relatively little information is available on the 
abundance and food preferences of syngnathid popula-
tions in the western Mediterranean Sea. To our knowl-
edge, no formal range-wide surveys of abundance esti-

mates of these species have been undertaken to date, and 
the seasonal variability of Mediterranean pipefish is still 
unknown. 

Seagrass species determine meadow architecture and 
complexity (e.g., shoot density or leaf surface), which af-
fects habitat availability for syngnathids (Malavasi et al., 
2007). Due to the mimicry capacity of pipefish in these 
habitats, the sampling methodology had to be adapted. 
Firstly, visual censuses with scuba-divers along transects 
in the meadows resulted in very low visualizations. Thus, 
we decided to sample with a small trawl net traditionally 
employed in seagrass meadows. Because of the low nata-
torium speed of the syngnathids and the unselective gear, 
we expected to have representative samples with this 

Table 3. Epifaunal communities’ composition according to their number of individuals (Total Abund) and standardized abun-
dances (Stand Abund) for every habitat and season considered in the study. Shannon–Wiener Index (H’) is included as a proxy to 
communities’ diversity.

P. oceanica C. nodosa

Warm Cold Warm Cold

Total 
Abund

Stand 
Abund

Total 
Abund

Stand 
Abund

Total 
Abund

Stand 
Abund

Total 
Abund

Stand 
Abund

Harpacticoida 89.88 9.07 129.35 15.34 19.57 14.72 10.36 26.77

Gammaridae 19.20 2.25 76.45 11.40 16.23 12.45 65.00 141.38

Caprellidae 2.12 0.24 1.10 0.20 6.27 5.03 2.48 5.99

Ostracoda 1.24 0.14 0.00 0.00 3.90 1.82 0.68 1.47

Decapoda 0.00 0.00 0.10 0.01 0.33 0.57 0.28 0.49

Isopoda 1.24 0.16 1.00 0.15 0.60 0.75 0.32 0.88

Tanaidacea 0.84 0.13 2.25 0.36 1.80 0.85 1.00 2.88

Cumacea 0.64 0.07 0.05 0.01 0.53 0.87 1.00 2.27

Mysidacea 3.20 0.27 0.10 0.01 0.80 0.29 0.28 0.69

Acari 14.12 1.37 6.75 0.78 1.57 1.53 0.64 1.73

Pantopoda 0.00 0.00 0.10 0.01 0.13 0.06 0.08 0.07

Cnidaria 0.88 0.07 0.00 0.00 0.00 0.00 0.00 0.00

Gastropoda 28.28 2.94 2.90 0.29 11.97 6.69 1.64 4.25

Opistrobranchia 0.16 0.02 0.00 0.00 6.80 2.85 0.08 0.11

Polyplacophora 0.28 0.02 0.00 0.00 0.00 0.00 0.00 0.00

Bivalvia 2.60 0.27 0.50 0.04 3.60 2.62 0.79 2.00

Polychaeta 17.64 2.00 10.50 1.42 5.63 5.21 2.52 6.23

Sipunculidea 0.00 0.00 0.00 0.00 0.07 0.03 0.00 0.00

Chaetognatha 0.52 0.05 0.00 0.00 0.03 0.00 0.00 0.00

Turbellaria 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Echinodermata 0.12 0.01 0.25 0.04 0.07 0.01 0.00 0.00

Nematoda 1.20 0.14 0.20 0.02 2.27 2.22 2.36 4.72

Teleostei 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00

H’ 1.6248 0.9702 1.9362 1.0670
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method. However, regardless of the sampling methodol-
ogies, it is worth noting the low abundance of pipefish 
individuals found in the Balearic Islands (N = 105 on 151 
fishing operations). 

Due to the low sample size, it was not possible to es-
timate the body size distribution of the different pipefish 
species for the habitats and seasons studied. More sam-
pling effort is needed to complete this information. How-
ever, some differences were found in this study for the 
habitat choice of each species. Our results showed that 
smaller specimens of S. typhle, as well as S. abaster and 
N. ophidion, preferred habitats dominated by C. nodosa, 
with short and thin leaves and sometimes associated to 
algal presence; while larger individuals of S. typhle and 
N. maculatus seemed to prefer tall canopy meadows 

formed by P. oceanica, characterized by large and broad 
leaves and high shoot densities. Smaller individuals of S. 
abaster were more common during the warm season in 
C. nodosa, when the plentiful vegetative growth supplies 
a refuge from predation for young pipefishes (Franzoi et 
al., 1993; Riccato et al., 2003). These differences in hab-
itat choice could be explained as larger S. typhle and N. 
maculatus need the tall and strong leaves of P. oceanica 
as a physical support and for crypsis while entwining, ex-
ploring, and searching for prey (Malavasi et al., 2007). 
Nevertheless, C. nodosa provides an important vegetat-
ed area for S. abaster, which are morphologically better 
adapted to sparse and narrow leaves (Verdiell-Cubedo et 
al., 2007), and smaller individuals of S. typhle, N. mac-
ulatus, and N. ophidion. Differences in seagrass associ-

Table 4. Kruskal-Wallis results for every taxa conforming epifaunal communities and their significance on the differences 
between habitats and seasons. H statistic and p-value resulting on the analysis are included.

  Habitat Season

 
P. oceanica vs. C. nodosa

P. oceanica C. nodosa

  Cold vs. Warm Cold vs. Warm

H p-value H p-value H p-value

Harpacticoida 3.0523 0.0806 4.1327 0.0421 3.5943 0.0580

Gammaridae 32.5963 0.0001 1.6951 0.1929 23.4490 0.0001

Caprellidae 28.3510 0.0001 1.4874 0.2226 0.1904 0.6623

Ostracoda 12.7705 0.0004 7.5160 0.0061 1.5067 0.2196

Decapoda 6.7347 0.0095 2.5568 0.1098 0.1664 0.6833

Isopoda 0.6527 0.4192 0.0737 0.7860 0.0025 0.9600

Tanaidacea 0.0123 0.9118 6.5741 0.0103 0.0989 0.7531

Cumacea 11.4706 0.0007 7.0222 0.0081 0.1950 0.6587

Mysidacea 0.0368 0.8479 9.1326 0.0025 0.0018 0.9659

Acari 3.0577 0.0804 2.3421 0.1259 0.0322 0.8577

Pantopoda 1.5871 0.2077 2.5568 0.1098 1.1394 0.2858

Cnidaria 8.6583 0.0033 7.5160 0.0061 0.0000 1.0000

Gastropoda 21.0979 0.0001 31.0704 0.0001 3.7745 0.0520

Opistrobranchia 10.0657 0.0015 2.5107 0.1131 8.5438 0.0035

Polyplacophora 6.3473 0.0118 5.3796 0.0204 0.0000 1.0000

Bivalvia 18.8134 0.0001 9.4063 0.0022 0.7972 0.3719

Polychaeta 7.1633 0.0074 4.6101 0.0318 0.0021 0.9634

Sipunculidea 1.0000 0.3173 0.0000 1.0000 0.8000 0.3711

Chaetognatha 3.6203 0.0571 5.3796 0.0204 0.8000 0.3711

Turbellaria 1.0000 0.3173 0.8000 0.3711 0.0000 1.0000

Echinodermata 4.6916 0.0303 0.6935 0.4050 0.8000 0.3711

Nematoda 6.9570 0.0088 6.3327 0.0119 0.0602 0.8062

Teleostei 1.0000 0.3173 0.8000 0.3711 0.0000 1.0000
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ation between the pipefish species shown in the present 
study were also described by Scapin et al. (2018), who 
highlighted a more generalist behavior in habitat choice 
of S. abaster, mostly found in association to algal beds 
and low-density seagrass meadows, compared with S. ty-
phle, which appear to be dense-seagrass specialists. N. 
ophidion was also expected to be a dense-seagrass spe-
cialist (Scapin et al., 2018), but it was mainly found in C. 
nodosa during our study.

Pipefish exhibit a high degree of trophic specialization 
compared to other epibenthic marine teleosts (Gürkan, 
2008). This specialization was thought to occur between 
different syngnathid species, mainly due to their head and 
snout morphologies (Kendrick & Hyndes, 2005). How-
ever, this study proved that apart from the morphology, 
the availability of prey was also important. Our results 
indicated that there is a relation between pipefish diet 
and changes in the structure of epifaunal assemblages. 
Divergences in the diets were found to be mainly relat-
ed to the ingestion of gammarid amphipods, ostracods, 
and teleosts, while harpacticoid copepods were the pri-
mary prey for all pipefish. Moreover, some S. typhle in-
dividuals from P. oceanica showed an individual prefer-
ence for decapods. Other authors had already stated that 
pipefish diets are based on small crustaceans (Teixeira 
& Musick, 1995; Campolmi et al., 1997; Kendrick & 
Hyndes, 2005). Prey frequency of occurrence in stom-
ach contents of S. abaster and N. maculatus was related 
to invertebrate abundances in P. oceanica. Additionally, 
S. typhle, S. abaster, and N.ophidion’s diets were related 
to epifaunal assemblages in C. nodosa. As suggested by 
Mattson (1990) and Oliveira et al. (2007), the taxonomic 
composition of the diet is determined by fluctuations of 
potential prey abundance in the environment. The avail-
ability and vulnerability of the prey species influence the 
consumption rates and contribution to the diet (Franzoi 
et al., 1993). This may be the reason why harpacticoid 
copepods and gammarid amphipods were the most pre-
ferred prey by pipefish in both habitats despite their mor-
phological adaptations since they clearly dominate the in-
vertebrate assemblages in the studied seagrass meadows. 

Besides epifaunal assemblage composition, the ability 
to catch bigger and faster prey depends on the volume 
of water that can be inhaled and the length of the snout 
(Muller & Osse, 1984), which depends on the head size of 
the individual. As preys are swallowed whole, the dimen-
sions and maximum opening of the mouth determines the 
maximum size of prey that can be ingested (Oliveira et 
al., 2007). Head size and morphologic variations between 
pipefish species found during the study may explain dif-
ferences in the selection of secondary prey among spe-
cies. As shown by morphometric measures taken in this 
study, S. typhle has a long and flat snout that is more than 
half the length of the head and a large mouth opening 
comparing to the other species. S. abaster has a cylindri-
cal snout that is more or less half the length of the head 
and a small mouth opening, as well as N. maculatus and 
N. ophidion whose snout is cylindrical and less than half 
the length of the head and whose mouth opening is the 
smaller of all. Moreover, the opening of the mouth causes 

the expansion of the lateral walls of the snout, forming a 
tube with an increase in volume (Oliveira et al., 2007). 
Small pipefish individuals or species with smaller mouth 
openings and shorter snouts are highly selective, consum-
ing a narrow range of prey (i.e., harpacticoid copepods, 
gammarid amphipods, and ostracods). Conversely, larger 
individuals or species with larger mouth openings are less 
selective while capturing their prey, consuming a wider 
type and size range of prey, including faster swimming 
prey (i.e., decapods and teleost) (Kendrick & Hyndes, 
2005). As found in this study, larger specimens of S. ty-
phle had the ability to predate on decapods or juvenile te-
leosts in addition to harpacticoid copepods and gammar-
id amphipods. In fact, one of the largest pipefish found, 
whose total length was 16.5 cm, had eaten two juvenile 
Symphodus ocellatus (teleost) of 1.4 and 2.6 cm length. 
This result agreed with Bell’s report (1983) of small fish 
being important in larger S. typhle specimen’s diet. Con-
versely, N. maculatus and N. ophidion’s head and snout 
morphology only enables them, both large and small in-
dividuals, to forage on smaller prey (i.e., gammarid and 
caprellid amphipods or ostracods). S. abaster’s diet con-
sisted of either small (i.e., gammarid amphipods or os-
tracods) or big prey (i.e., decapods) apart from the com-
mon prey. Species present in the same habitat, if showing 
differences in head morphometry, would use different 
trophic resources and feeding strategies, and thus their 
foraging niches do not concur. While S. abaster feeds 
in submerged vegetation, S. typhle, N. maculatus, and 
N. ophidion also catch prey in the water column (Vizz-
ini & Mazzola, 2004). Relatively high vacuity indexes 
compared to previous studies in syngnathids (Taçkavak et 
al., 2010) were found for S. typhle, N. maculatus, and N. 
ophidion (33.3%, 40%, and 33.3% respectively).

Pipefish body size has also been proved to be an im-
portant factor in their feeding ecology, as it determines 
the rank of prey that can be ingested. Furthermore, onto-
genic changes on the feeding habits, type, and proportion 
of prey consumed as well as in the size of prey of S. typh-
le have been previously reported (Oliveira et al., 2007). 
As individuals grow, the changes in prey consumed indi-
cate a progressive substitution of gammarid amphipods 
for shrimps and little fish with the corresponding increase 
in trophic level. Hereby, more studies analyzing the rela-
tionship between pipefish body size and age are needed 
in the Mediterranean populations, as several studies have 
met with little success in attempting to use otolith incre-
ment width to age members of the Syngnathidae family 
(Parkinson et al., 2012).

Despite all the above, studying the feeding ecology 
of these species by stomach contents analysis provides 
evidence of food preferences and foraging habits, but in 
many cases, it provides little information on food actually 
assimilated. Food items that are quickly digested, as ge-
latinous zooplankton, are generally underestimated com-
pared to those that remain longer in the stomach, such as 
animals with a chitin cover. Carbon and nitrogen stable 
isotope ratios have been used in fish as a complementa-
ry approach to prey actually assimilated by consumers 
(Vizzini & Mazzola, 2004). It is therefore crucial to in-
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vestigate the stable isotope ratios of pipefish and poten-
tial prey treated in this study to establish the relationship 
between prey ingested and prey assimilated. 

The present study sheds light on western Mediterra-
nean pipefish distribution, habitat, and their associated 
trophic sources. Habitat and feeding preferences have 
been proved to be dependent on a wide range of factors 
(species, body size, head, and snout morphometry and 
epifaunal assemblages present on seagrasses). P. ocean-
ica habitat is preferred by individuals of larger species 
(S. typhle and N. maculatus) than those living in C. no-
dosa (S. abaster and N.ophidion). Feeding preferences 
were not driven to body size but to prey availability and 
head/snout morphology. Epifaunal assemblages (poten-
tial prey) were dominated in both habitats by harpacti-
coid copepods and gammarid amphipods and they were 
also the primary prey according to stomach contents of 
all species. These results, along with the low pipefish 
densities found, make this area worthy of specific pro-
tection initiatives. Conservation measures should be ad-
opted by regional or national institutions in order to pro-
tect the diversity of species and natural resources present 
in the habitats where these species live. Future studies 
should focus on investigating a wider spatial extension 
of pipefish distribution in order to provide effective tools 
towards their population management and conservation.

Acknowledgements

This study was funded by the research Project “Sing-
nátidos de los Parques Nacionales de las Islas Atlánticas 
y del Archipiélago de Cabrera (541S/2015)” awarded 
to CSIC by Organismo Autónomo Parques Nacionales 
(Ministerio de Agricultura, Alimentación y Medio Am-
biente, Programa Estatal de I+D+i Orientada a los Retos 
de la Sociedad, Plan Estatal de Investigación Científica 
y Técnica y de Innovación 2013-2016). Additional sup-
port was provided by the joint Associated Unit IME-
DEA-LIMIA (Laboratorio de Investigaciones Marinas y 
Acuicultura, Dirección General de Pesca y Medio Ma-
rino, Govern Illes Balears). We want to thank Nautical 
Club Cala Gamba and Nautical Club Portixol for the use 
of their facilities, as well as PNAC staff and Gal·la Edery, 
Laura Royo, Cayetana Casas, Robin van Bulken, Andrea 
Campos, Aitor Lekanda, Paula Bonet, Albert Sasplugas, 
Ángel Mateo, and Guillermo Follana for their help during 
field work.

References

Abel, E., Riedl, R., 1986. Fauna y flora del mar Mediterráneo: 
una guía sistemática para biólogos y naturalistas. Omega, 
Barcelona, 368 pp.

Alós, J., Palmer, M., Catalan, I. A., Alonso-Fernández, A., Bas-
terretxea, G. et al., 2014. Selective exploitation of spatially 
structured coastal fish populations by recreational anglers 
may lead to evolutionary downsizing of adults. Marine 
Ecology Progress Series, 503, 219-233.

Amundsen, P., 1996. A new approach to graphical analysis of 
feeding strategy from stomach contents data-modification 
of the Costello (1990) method. Journal of Fish Biology, 48, 
607-614.

Ashley‐ross, M. A., 2002. Mechanical properties of the dorsal 
fin muscle of seahorse (Hippocampus) and pipefish (Syn-
gnathus). Journal of Experimental Zoology, 293, 561-577.

Bell, J. D., 1983. Fish fauna of French Mediterranean Posido-
nia oceanica seagrass meadows. II. Feeding habits. Tethys, 
11, 1-14.

Cakić, P., Lenhardt, M., Mićković, D., Sekulić, N., Budakov, 
L.J., 2002. Biometric analysis of Syngnathus abaster popu-
lations. Journal of Fish Biology, 60, 1562-1569.

Campolmi, M., Franzoi, P., Mazzola, A., 1997. Observations 
on pipefish (Syngnathidae) biology in the Stagnone lagoon 
(west Sicily). Oceanographic Literature Review, 10, 1172.

Connolly, R.M., Butler, A.J., 1996. The effects of altering sea-
grass canopy height on small, motile invertebrates of shal-
low Mediterranean embayments. Marine Ecology, 17, 637-
652.

Costello, M.J., 1990. Predator feeding strategy and prey impor-
tance: a new graphical analysis. Journal of Fish Biology, 
36, 261-263.

Drew, E.A., Jupp, B.P., 1976. Some aspects of the growth of 
Posidonia oceanica in Malta. p. 357-367. In: Underwater 
research. Drew, E.A., Lythgoe, J. N., Woods, J. D. (Eds). 
Academic Press, London.  

Fourqurean, J.W., Marba, N., Duarte, C.M., Diaz-Almela, E., 
Ruiz-Halpern, S., 2007. Spatial and temporal variation in 
the elemental and stable isotopic content of the seagrasses 
Posidonia oceanica and Cymodocea nodosa from the Illes 
Balears, Spain. Marine Biology, 151, 219-232.

Franzoi, P., Maccagnani, R., Rossi, R., Ceccherelli, V.U., 1993. 
Life cycles and feeding habits of Syngnathus taenionotus 
and S. abaster (Pisces, Syngnathidae) in a brackish bay of 
the Po River Delta (Adriatic Sea). Marine Ecology Progress 
Series, 97, 71-81.

Franzoi, P., Franco, A., Torricelli, P., 2010. Fish assemblage 
diversity and dynamics in the Venice lagoon. Rendiconti 
Lincei, 21, 269-281.

Freyhof, J., 2016. Syngnathus abaster. The IUCN Red List of 
Threatened Species 2016: e.T21257A90911755. https://
www.iucnredlist.org/ (Accessed 27 January 2019)

Fuller, R., Berglund, A., 1996. Behavioral responses of a sex-
role reversed pipefish to a gradient of perceived predation 
risk. Behavioral Ecology, 7, 69-75.

Green, E. P., Short, F. T. (Eds), 2003. World atlas of seagrasses. 
University of California Press, Berkeley, USA, 324 pp.  

Gürkan, Ş., 2008. The Biometric Analysis of Pipefish Species 
from Çamaltı Lagoon (İzmir Bay, Aegean Sea). EÜ Su 
Ürünleri Dergisi, 25, 53–56.

Howard, R.K., Koehn, J.D., 1985. Population dynamics and 
feeding ecology of pipefish (Syngnathidae) associated with 
eelgrass beds of western port, victoria. Marine and Fresh-
water Research, 36, 361-370.

Kendrick, A.J., Hyndes, G.A., 2005. Variations in the dietary 
compositions of morphologically diverse syngnathid fishes. 
Environmental Biology of Fishes, 72, 415-427.

Kupren, K., Mamcarz, A., Kucharczyk, D., Prusińska, M., 
2008. Changes in morphometric parameters in selected ear-



717Medit. Mar. Sci., 21/3, 2020, 705-718

ly ontogenic stages of three fish species from the genus leu-
ciscus (teleostei, cyprynidae). Archives of Polish Fisheries, 
16, 421-436.

Lawson, E.O., Akintola, S.L., Awe, F.A., 2013. Length-weight 
relationships and morphometry for eleven (11) fish species 
from Ogudu creek, Lagos, Nigeria. Advances in Biological 
Research, 7, 122-128.

Leysen, H., Roos, G., Adriaens, D., 2011. Morphological vari-
ation in head shape of pipefishes and seahorses in relation 
to snout length and developmental growth. Journal of Mor-
phology, 272, 1259-1270.

Lindsey, C.C., 1978. Form, function and locomotory habits 
in fish. p. 1-100. In: Fish Physiolog Vol. VII. Locomotion. 
Hoar, W.S., Randall, D.J. (Eds). Academic Press, New York. 

Lyons, D.O., Dunne, J.J., 2004. Inter- and intra-gender analy-
ses of feeding ecology of the worm pipefish (Nerophis lum-
briciformis). Journal of the Marine Biological Association 
of the United Kingdom, 84, 461-464.

Malavasi, S., Franco, A., Riccato, F., Valerio, C., Torricelli, P. et 
al., 2007. Habitat selection and spatial segregation in three 
pipefish species. Estuarine, Coastal and Shelf Science, 75, 
143-150.

Mattson, S., 1990. Food and feeding habits of fish species over 
a soft sublittoral bottom in the northeast Atlantic: 1. COD 
(GADUS MORHUA L.)(GADIDAE). Sarsia Taylor & 
Francis, 75, 247-267.

Muller, M., Osse, J. W. M., 1984. Hydrodynamics of suction 
feeding in fish. Journal of zoology, 37, 51-135.

Neutens, C., De Dobbelaer, B., Claes, P., Adriaens, D., 2017. 
Prehensile and non-prehensile tails among syngnathid fish-
es: what’s the difference? Zoology, 120, 62-72.

Oliveira, F., Erzini, K., Gonçalves, J.M. S., 2007. Feeding hab-
its of the deep-snouted pipefish Syngnathus typhle in a tem-
perate coastal lagoon. Estuarine, Coastal and Shelf Science, 
72, 337-347.

Orth, R.J., Heck, K.L., van Montfrans, J., 1984. Faunal com-
munities in seagrass beds: a review of the influence of plant 
structure and prey characteristics on predator-prey relation-
ships. Estuaries, 7, 339-350.

Parkinson, K.L., Booth, D.J., Lee, J.E., 2012. Validation of oto-
lith daily increment formation for two temperate syngnathid 
fishes: The pipefishes Stigmatopora argus and Stigmatopo-
ra nigra. Journal of Fish Biology, 80, 698-704.

Pollom, R., 2014. Syngnathus typhle. The IUCN Red List of 
Threatened Species 2014: e.T198767A46263316. https://
www.iucnredlist.org/ (Accessed 27 January 2019)

Pollom, R., 2015. Nerophis ophidion. The IUCN Red List of 
Threatened Species 2015: e.T198764A80255416. https://
www.iucnredlist.org/ (Accessed 27 January 2019)

Riccato, F., Fiorin, R., Franco, A., Franzoi, P., Libertini, A. et 
al., 2003. Population structure and reproduction of three 
pipefish species (Pisces, Syngnathidae) in a sea grass mead-
ow of the Venice Lagoon. Biologia Marina Mediterranea, 
10, 138-145.

Rueden, C.T., Schindelin, J., Hiner, M.C., DeZonia, B.E., Wal-
ter, A.E. et al., 2017. ImageJ2: ImageJ for the next genera-
tion of scientific image data. BMC bioinformatics BioMed 
Central, 18, 529.

Rull, L., Cañizares, S., Sánchez-Lizaso, J.L., 1996. Efecto de 
las praderas de Cymodocea nodosa (Curia) Ascherson sobre 

el hidrodinamismo: resultados preliminares. Real Sociedad 
Española de Historia Natural, Tomo extraordinario, 125, 
444-447.

Sánchez-Jerez, P., Barberá Cebrián, C., Ramos Esplá, A.A., 
1999. Comparison of the epifauna spatial distribution in 
Posidonia oceanica, Cymodocea nodosa and unvegetated 
bottoms: Importance of meadow edges. Acta Oecologica, 
20, 391-405.

Scapin, L., Cavraro, F., Malavasi, S., Riccato, F., Zucchetta, M. 
et al., 2018. Linking pipefishes and seahorses to seagrass 
meadows in the Venice lagoon: Implications for conserva-
tion. Aquatic Conservation: Marine and Freshwater Eco-
systems, 28, 282-295.

Shaltout, M., Omstedt, A., 2014. Recent sea surface tempera-
ture trends and future scenarios for the Mediterranean Sea. 
Oceanologia, 56, 411-443.

Short, F.T., Coles, R.G. (Eds), 2001. Global seagrass research 
methods. Elsevier, Amsterdam, 482 pp.

Spellerberg, I.F., Fedor, P.J., 2003. A tribute to Claude Shannon 
(1916-2001) and a plea for more rigorous use of species 
richness, species diversity and the ‘Shannon–Wiener’In-
dex. Global Ecology and Biogeography, 12, 177-179.

Taçkavak, E., Gürkan, Ş., Sever, T.M., Akalın, S., Özaydın, O., 
2010. Gut contents and feeding habits of the great pipefish, 
Syngnathus acus Linnaeus, 1758, in İzmir Bay (Aegean 
Sea, Turkey): (Osteichthyes: Syngnathidae). Zoology in the 
Middle East, 50, 75-82.

Teixeira, R.L., Musick, J.A., 1995. Trophic ecology of two con-
generic pipefishes (Syngnathidae) of the lower York River, 
Virginia. Environmental Biology of Fishes, 43, 95-309. 

Terrados, J., Grau-Castella, M., Piñol-Santiñà, D., Ri-
era-Fernández, P., 2006. Biomass and primary production 
of a 8–11 m depth meadow versus< 3 m depth meadows of 
the seagrass Cymodocea nodosa (Ucria) Ascherson. Aquat-
ic Botany, 84, 324-332.

Tipton, K., Bell, S., 1988. Foraging patterns of two syngnathid 
fishes: importance of harpacticoid copepods. Marine Ecol-
ogy Progress Series, 47, 31-13.

Tuya, F., Larsen, K., Platt, V., 2011. Patterns of abundance and 
assemblage structure of epifauna inhabiting two morpho-
logically different kelp holdfasts. Hydrobiologia, 658, 373-
382.

Verdiell-Cubedo, D., Oliva-Paterna, F.J., Torralva-Forero, M., 
2007. Fish assemblages associated with Cymodocea nodosa 
and Caulerpa prolifera meadows in the shallow areas of the 
Mar Menor coastal lagoon. Limnetica, 26, 341-350.

Vincent, A.C.J., Foster, S.J., Koldewey, H.J., 2011. Conserva-
tion and management of seahorses and other Syngnathidae. 
Journal of Fish Biology, 78, 1681-1724.

Vizzini, S., Mazzola, A., 2004. The trophic structure of the 
pipefish community (Pisces: Syngnathidae) from a western 
Mediterranean seagrass meadow based on stable isotope 
analysis. Estuaries, 27, 325-333.

Waycott, M., Duarte, C.M., Carruthers, T.J., Orth, R.J., Den-
nison, W.C. et al., 2009. Accelerating loss of seagrasses 
across the globe threatens coastal ecosystems. Proceedings 
of the National Academy of Sciences of the United States 
of America School of Marine and Tropical Biology, 106, 
12377-12381.

Wickham, H., 2016. ggplot2: Elegant Graphics for Data Anal-



718 Medit. Mar. Sci., 21/3 2020, 705-718

ysis. Springer-Verlag, New York, 260 pp. 
Wiswedel, S., 2016. Nerophis maculatus. The IUCN Red List 

of Threatened Species 2016: e.T198763A90891100. https://
www.iucnredlist.org/ (Accessed 27 January 2019)

Yildiz, T., Uzer, U., Karakulak, F.S., 2015. Preliminary report 
of a biometric analysis of greater pipefish Syngnathus acus 
Linnaeus, 1758 for the western Black Sea. Turkish Journal 
of Zoology, 39, 917-924.


