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Abstract Trophic relationships between Scorpaena

porcus, S. notata and Chelidonichthys lucerna collected

near natural gas platforms were investigated for the first

time in central Adriatic Sea from July 2005 to May 2006.

Sampling was repeated at control sites on soft bottom

where, however, only C. lucerna occurred. All of the three

predators showed diet specialization for crustaceans, with

high overlap for angular crab Goneplax rhomboides. The

widest prey variety, consisting mainly of epibenthic and

infaunal organisms, was detected in C. lucerna, whose

feeding behaviour resulted not to be affected by the pres-

ence of platforms. Burrowing shrimp Alpheus glaber, hairy

crab Pilumnus hirtellus, bivalve Corbula gibba, and

European anchovy Engraulis encrasicolus discriminated

S. porcus diet, while thalassinid Jaxea nocturna discrimi-

nated S. notata diet. The occurrence of E. encrasicolus as

natural prey of S. porcus is discussed. Overall, predators

like scorpaenids, which live in strict association with

platforms in the study area, seem to rely on soft bottom

prey items rather than exploiting resources from the plat-

forms, thus competing with soft-bottom predators (i.e.

triglids) for the same resources.

Keywords Diet overlap � Feeding habits �
Scorpaeniforms � Gas platforms � Adriatic Sea

Introduction

Oil and natural gas platforms placed on soft-sediment

bottoms act as attractors for many species, thus increasing

biodiversity in the surrounding marine environment (Fabi

et al. 2004; Stanley and Wilson 1997; Wolfson et al. 1979).

They act as artificial reefs that provide new attachment sites

for benthic organisms and vertical relief attractive to fishes,

inducing the development of new organism assemblages

(Stachowitsch et al. 2002; Terlizzi et al. 2008). In particular,

fish assemblages associated with these offshore structures

encompass both soft-bottom dwelling species, which are also

found in the original substrate, and reef dwelling species,

which would hardly (if not at all) be represented without these

permanent structures. A pelagic component in a varying level

of abundance has also been recorded near offshore oil and

natural gas platforms (Franks 2000; Neira 2005). This pattern

is confirmed for many platforms that were investigated in

different areas of the world, such as southern California

(Love et al. 2000; Martin and Lowe 2010), Gulf of Mexico

(Hastings et al. 1976; Stanley and Wilson 1997), African

western coast (Gerlotto et al. 1989), North Sea (Jørgensen

et al. 2002), and the Mediterranean (Andaloro et al. 2011;

Consoli et al. 2007; Fabi et al. 2004), although species

composition varies according to the specific area concerned.

Although the effects of platforms on biodiversity, par-

ticularly as regards fish assemblages, have been investigated,

their role on trophic relationships of their associated

organisms have so far received relatively little attention. In

this regard, some useful information can be drawn from

specific studies carried out near artificial reefs, which are
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hard substrates lying on soft bottoms like oil or natural gas

platforms. In general terms, only few fish species seem to be

attracted by artificial reefs for food (Steimle and Ogren

1982), showing a different degree of dependence from reef

resources, where reef dwelling fishes are the major exploit-

ers. In particular, brown meagre Sciaena umbra in the

Adriatic (Fabi et al. 2006) and white seabream Diplodus

sargus in Portuguese waters (Leitão et al. 2007) better than

other artificial reef fish species exploit reef resources. Other

species, which are not strictly associated with hard bottoms,

such as shi drum Umbrina cirrosa, annular seabream Dipl-

odus annularis and striped seabream Lithognathus mormy-

rus, partially rely on reef resources for their diet (Fabi et al.

1998, 2006). In the Atlantic, Hueckel and Stayton (1982)

detected a direct correlation between the diet of artificial reef

fish species (i.e. striped seaperch Embiotoca lateralis, pile

perch Rhacochilus vacca and quillback rockfish Sebastes

maliger) and the organisms growing on artificial reefs. Said

correlation is stronger for medium- and large-sized preda-

tors, while smaller-sized predators are more likely to use

artificial reefs as a shelter. Conversely, in Mediterranean

artificial reefs, scorpaenid species (i.e. black scorpionfish

Scorpaena porcus and small red scorpionfish S. notata)

rarely or do not feed on reef species but, rather, explore the

surrounding sediment for food (Relini et al. 2002).

In most cases, the greatest biomass of reef dwelling

species living near platform structures is made up of

rockfish from the genus Sebastes at various life stages

(Love et al. 2000). In the case of platforms in the Medi-

terranean, these mainly consist of scorpaenid species from

the genus Scorpaena (Fabi et al. 2004) that are possibly

attracted by shelter or food availability. Scorpaenids are

known to be highly selective predators and principally feed

on crustacean decapods (Harmelin-Vivien et al. 1989;

Follesa et al. 2004; Morte et al. 2001), which are also

commonly preyed on by soft-bottom scorpaeniforms, for

instance triglids (Colloca et al. 1994; Morte et al. 1997;

Nouvel 1950). Both scorpaenids and triglids are highly

abundant near platforms in the Adriatic Sea (Andaloro

et al. unpublished data). In particular, S. porcus and

S. notata from the Scorpaenidae family and Chelidonich-

thys lucerna from the Triglidae family are the most com-

mon species and possibly compete for the same food

resources. We investigated trophic relationships between

these three species living at and near natural gas platforms.

Materials and methods

Study site

From July 2005 to May 2006, four seasonal fishery surveys

(July, October, January, May) were carried out by

commercial trawl and bottom gillnet around two cluster gas

platforms in the Abruzzi coastal waters, central Adriatic

Sea (Mediterranean). These two platforms, named Fratello

Cluster and Fratello Nord, are placed on a sand-muddy

bottom at 19 and 23 m depth, respectively (Fig. 1). Fish

were collected near both platforms and at control sites

located 5 km approximately from the platforms but at the

same bathymetry.

Bottom gillnet (416 m long and 3.40 m deep, with a

34-mm stretched mesh size) was set within a 50 m radius

from the platforms and at control sites; it was lowered at dusk

and hauled at dawn. Trawl was hauled for 20 min at an

average speed of 2.8 knots, covering a distance of approxi-

mately 1,700 m; hauls began at sunrise and continued up

until late morning both near the platforms and at control sites.

Each specimen was measured to the nearest 1 mm total

length (LT) and weighed to the nearest 0.1 g. Fish were

eviscerated and their stomachs preserved in 70% ethanol

solution. Prey items were sorted and identified to the lowest

possible taxonomic level, counted and weighed to the

nearest 0.1 mg.

Data analyses

The number of empty stomachs for each species was

recorded and used to calculate the vacuity coefficient Cv%

(=number of empty stomachs/total number of analysed

stomachs 9 100).

The importance of the different prey categories was

assessed by calculating the frequency of occurrence (%F;

percentage of stomachs containing a prey item or cate-

gory), abundance (%N; number of specimens of a specific

prey item or category as a percentage of the total number of

prey items found) and mass (%W; mass of a prey item or

category as a percentage of the total mass of prey ingested).

These values were used to calculate the index of relative

importance (IRI) for each category (Hyslop 1980) using

mass instead of volume (Hacunda 1981):

IRI ¼ %N þ%Wð Þ%F

This index was expressed in percentage points (%IRI;

Cortés 1997).

Diet breadth was calculated using Levin’s standardized

index (Krebs 1989),

Bi ¼
1P
j
p2

ij

� 1

n� 1

where pij is the proportion of predator i diet made up of

prey j, and n is the number of prey categories. This index

ranges from 0 to 1; low values indicate a specialist predator

with a diet dominated by few prey items, while high values

indicate a generalist predator (Krebs 1989).
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Niche overlap was calculated separately using Morisi-

ta’s index (1959), which is considered the most sound

index when the number of prey individuals is known

(Smith and Zaret 1982). This index (C) is calculated as

C ¼ 2
P

pijpik
P

pij
nij�1

Nj�1

� �
þ
P

pik
nik�1
Nk�1

� �

where: pij, pik = proportion of prey resource i as to total

prey resources exploited by species j and species k, nij

nik = number of individuals of species j and k that exploit

resource i; Nj, Nk = total number of sampled individuals

from each species. C ranges from 0 (when predators have

no prey species in common) to 1 (when prey species

composition is identical among predators).

A non-parametric multivariate analysis of variance

(PERMANOVA) (Anderson et al. 2008) was performed on

prey abundance data to detect differences between sam-

pling periods (two-factor analysis: predators 9 periods)

and between predators (single-factor analysis), keeping

separate data of C. lucerna caught near the platforms from

those caught at control sites. Data were transformed to

Log(x ? 1); the analysis is based on Gower distances

excluding double zeros and using 999 permutations.

Pair-wise a posteriori comparisons were computed after

significant differences among factor levels were detected.

PERMANOVA was also performed to detect differences

between five predator size classes (two-factor analysis:

predators 9 size classes) as follows: size class

I B 140 mm, size class II = 141–180 mm LT, size class

III = 181–220 mm LT, size class IV = 221–260 mm LT,

size class V [ 260 mm LT. Such intervals were identified

taking into account the size at which each species under-

goes sexual maturity: (1) S. notata undergoes maturity at

about 10–14 cm LT (Scarcella et al. 2011b); (2) C. lucerna

starts maturing at sizes [180 mm LT (Montanini et al.

2008; Morte et al. 1997). The specimens of S. porcus

collected in our study, except for only one specimen of

90 mm LT, exceeded the size at first maturity reported in

literature (i.e. 108 mm LT for females and 85 mm LT for

males) (Bradai and Bouain 1991), therefore, the size

classes for this species are represented only by adult

specimens. This statistical analysis was integrated with

pair-wise a posteriori comparisons between size classes

within levels of each factor.

Correspondence Discriminant Analysis (CDA) was

computed on prey abundance data to examine the inter-

active effects between predators. Initially developed to

Fig. 1 Map of the study area with indication of the platforms and control site investigated
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examine ecological data, this analysis is appropriate for

comparing individuals belonging to several distinct groups

(Chessel and Thioulouse 1996). As CDA can be used on

contingency tables and operates on correspondences

between factors, it is particularly suitable for analysing

unbalanced groups. It is a highly effective tool because it

combines the advantages of standard Correspondence

Analysis and Discriminant Analysis (Perrière et al. 1996).

Monte Carlo test (RV) consisting of 999 repeated random

permutations of rows between pre-defined groups was

performed to assess the significance of the discrimination.

CDA and Monte Carlo tests were repeated on the

specimens caught by gillnet so as to exclude any possible

biased results owed to the use of different gears (trawl and

gillnet) for the collection of the specimens. CDA and

Monte Carlo test were computed with modules included in

ADE4 (a package of the R software) (Dray and Dufour

2007).

Results

A total of 572 fishes were analysed for stomach content,

length and vacuity coefficient (Table 1). Black scorpionfish

Scorpaena porcus and small red scorpionfish S. notata

were only caught near the platforms, almost exclusively by

gillnet (only three specimens of S. porcus and one of

S. notata were caught by trawl), while tub gurnard Che-

lidonichthys lucerna was collected both near the platforms

(N = 219) and at control (N = 168) sites via both gears:

120 and 267 specimens were collected by trawl and by

gillnet, respectively.

About 32.3% of the stomachs analysed were found

empty; scorpaenids showed the highest vacuity coefficient.

C. lucerna showed a different Cv% according to the gear

used (Cv% = 25.5 for individuals caught by gillnet and

Cv% = 6.7 for individuals caught by trawl).

The analysis of prey items led to the identification of 53

taxa belonging to five principal taxonomic groups; 15 taxa

were detected in S. notata, 9 in S. porcus and 51 in

C. lucerna. Crustaceans were dominant in all three preda-

tors examined according to all numeric indicators, scoring

values above 82%. Teleosts were the second most impor-

tant prey group, with higher values recorded in C. lucerna

than in the two scorpaenids and %F, %N, %W and % IRI

values are reported in Table 2.

Angular crab Goneplax rhomboides was the most

important prey item for all three predators. The second

most important prey organism was pistol shrimp Alpheus

glaber which was more represented in S. porcus stomach

contents compared to S. notata and C. lucerna.

Levin’s standardized index calculated for prey category

numerical abundance was 0.25 for S. notata, 0.12 for

S. porcus, and 0.03 for C. lucerna.

Morisita’s index values of niche overlap between pairs

of predators were as follows: Cnotata-porcus = 0.69, Cnotata-

lucerna = 0.66, Cporcus-lucerna = 0.78.

PERMANOVA performed on prey abundance produced

no significant differences between sampling periods

(F3,372 = 1.1366 n.s.) or with regard to the preda-

tor 9 period interaction (F8,372 = 1.3203 n.s.), while it

showed highly significant differences among predators

(F3,372 = 2.6815, P \ 0.01). Such differences are con-

firmed by single-factor PERMANOVA (F3,383 = 3.4993,

P \ 0.01) with pair-wise a posteriori comparisons resulting

as follows: S. porcus = S. notata= (C. lucerna plat-

form = C. lucerna control).

No significant differences were detected between pred-

ator size classes (F4,376 = 1.3447 n.s.), nor in the preda-

tor 9 size class interaction (F4,376 = 0.8966 n.s.).

Pair-wise a posteriori comparisons revealed that the size class

V, only present in C. lucerna, was significantly different

(P \ 0.05) from all the other size classes of all predators.

The discrimination operated by CDA produced signifi-

cant results (RV = 0.15, P \ 0.05) that are visualized in a

composed plot (Fig. 2). As shown in the correlation circle

(Fig. 2a), some prey items are more important than others

in function of their major distance from origin and major

proximity to x and y axes. For a complete information, prey

items in the first quadrant of the correlation circle (rect-

angle) are expanded in Fig. 2b. This analysis highlighted

an opposite trend between S. porcus and S. notata, while

C. lucerna holds an intermediate position between the two

scorpaenids (Fig. 2c). S. porcus diet is discriminated by

prey organisms that are parallel to x axes, principally those

on the left of the correlation circle; S. notata diet is dis-

criminated by prey organisms that are parallel to y axes, in

particular those on the lower part of the correlation circle.

Prey items that C. lucerna feeds on are mainly concen-

trated around the centre of the correlation circle.

Table 1 Data on scorpaeniforms sampled for stomach content anal-

ysis near Adriatic gas platforms

Scorpaena
porcus

Scorpaena
notata

Chelidonichthys
lucerna

Number of examined

specimens

118 67 387

Size range (mm LT)

of the examined

specimens

90–246 94–170 112–320

Average length

(mm LT) ± SE

168.6 ± 2.5 141.7 ± 2.0 185.7 ± 2.2

Vacuity coefficient

(Cv%)

53.4 68.7 19.6
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Figure 2d shows the gravity centres of the ellipses reported in

Fig. 2c, corresponding to the exact position of each predator to

be compared with the position of prey items in Fig. 2a.

CDA performed on the samples collected by gillnet

produced significant results (RV = 0.015, P \ 0.05): the

trend described above was confirmed (i.e. orthogonality

between S. porcus and S. notata, with C. lucerna at an

intermediate level between them as shown in Fig. 3b), with

the same discriminated prey organisms (Fig. 3a), except

for Engraulis encrasicolus.

Fig. 2 Correspondence discriminant analysis (CDA) computed on

prey abundance data for Scorpaena porcus, S. notata and Chelido-
nichthys lucerna. a Correlation circle between discriminant variables

(prey items) and discriminant functions, b expansion of the rectangle

evidenced in (a), c projection of the stomach contents with ellipses

and gravity centres of predators, d plot of gravity centres of predators
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Discussion

Oil and natural gas platforms may represent an essential

habitat for some organisms (Helvey 2002), in particular for

reef dwelling species that need hard substrates to survive.

In the western Adriatic Sea, these species are patchily

distributed since the seabed principally consists of wide

soft bottoms with rare areas of rocky grounds and various

inshore artificial substrates. In this context, platforms that

are located on sandy grounds far from rocky areas may be

considered like ‘oases in the desert’, which provide addi-

tional habitat to species that would not otherwise settle

there. This is evidenced by the frequent occurrence of

scorpaenids near many Adriatic platforms, and their scar-

city or absence from the surrounding areas (Andaloro et al.

unpublished data; Fabi et al. 2004). This trend is further

confirmed by this study as scorpaenids were almost

exclusively caught near the platforms.

Stomach content analysis of Chelidonichthys lucerna,

Scorpaena porcus and S. notata highlighted some differ-

ences between these three predators, which are not related

to the different sampling periods based on multivariate

analysis results. Scorpaenids showed the highest vacuity

index. As they were caught almost exclusively by gillnet,

this result is possibly ascribable to the fishing gear tech-

nique used, which requires the net to be set for long time. As

these species are night predators (Harmelin-Vivien et al.

1989), several of them might have been entangled before

prey ingestion, or digestion process might have concluded

during their permanence in the net before drawing up. This

result is also supported by the higher vacuity index recorded

for C. lucerna specimens caught by gillnet (Cv% = 25.5)

as compared to results obtained for trawled specimens

(Cv% = 6.7).

Diet breadth analysis of C. lucerna, S. porcus and S.

notata has evidenced that all three predators show spe-

cialist feeding behaviours, as confirmed by Levin’s index

very low values. Diet analysis indicates that they mostly

feed on crustaceans, while the other prey groups detected

(i.e. teleosts, molluscs, salpids, sipunculans) only play a

marginal role in their diet.

As highlighted by %IRI values, all predators massively

feed on angular crab Goneplax rhomboides, a very common

species on Adriatic soft bottoms (Scarcella et al. 2007). A

comparison between the diets of the three predators has

evidenced the widest prey variety in C. lucerna; said array

is mainly made up of epibenthic and infaunal organisms

encompassing a variety of crustaceans, molluscs and fish

that are typical of soft bottoms. Said feeding behaviour is in

line with what reported in literature for this species in other

areas (Collignon and Aloncle 1960; Colloca et al. 1994;

Costa 1988; Morte et al. 1997; Stagioni et al. 2011),

although prey composition may vary depending on local

resource availability.

As artificial substrates deployed on soft bottoms alter

biodiversity, favouring either the settlement of hard bottom

species on the structures themselves or the development of

deposit and suspension feeders in the surrounding sediment

(Fabi et al. 2002), it might be expected that the type of prey

differs when predators live near or far from the structures.

In our study, the similarity between the diet of tub gurnards

caught near the platforms and of those caught at control

sites suggests that artificial structures do not affect this

predator’s prey choice, since it consistently feeds on

Fig. 3 Correspondence discriminant analysis (CDA) computed on

prey abundance data for Scorpaena porcus, S. notata and Chelido-
nichthys lucerna collected by gillnet. a Correlation circle between

discriminant variables (prey items) and discriminant functions,

b projection of the stomach contents with ellipses and gravity centres

of predators
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soft-bottom organisms whose occurrence in the study area

does not depend on the presence of hard substrates.

Chelidonichthys lucerna diet strongly overlaps with

S. porcus and S. notata to such an extent that the latter’s

diets are subsets of the former’s diet in terms of prey array.

However, some specific prey organisms characterize the

diet of one or of the other predator either because they are

exclusively found in only one of the three predators or

because their abundance level is different. In particular,

S. porcus, which shows a diet based on few prey items,

feeds with relatively high frequency on burrowing shrimp

Alpheus glaber and, to a lesser extent, on hairy crab

Pilumnus hirtellus, on bivalve Corbula gibba, and on

European anchovy Engraulis encrasicolus. These prey

species discriminate black scorpionfish diet from the other

two predators, as highlighted by CDA (Fig. 2). While

A. glaber and C. gibba are mud-loving species, commonly

found in Adriatic soft bottoms, P. hirtellus is more com-

monly found on rocky substrates and on banks of mussels

(Stevcic 1990); and its occurrence in the area might be

favoured by the presence of platform structures (Manou-

kian et al. 2010). In natural rocky and rocky-sandy sub-

strates, this species represents one of the most important

organisms that black scorpionfish preys on (Pallaoro and

Jardas 1991). The occurrence of E. encrasicolus, which is

one of the most common pelagic species in the study area,

in S. porcus stomach contents is not new to our knowledge.

Demirhan and Can (2009) reported that this species are

among the organisms that Black Sea S. porcus commonly

preys on. This would indicate that black scorpionfish

exploits not only benthic species, but also relies on water

column organisms for its diet. This hypothesis, however,

needs further confirmation since CDA performed exclu-

sively on gillnet samples (see Fig. 3) did not discriminate

European anchovy among black scorpionfish prey organ-

isms. This might indicate that the results were possibly

biased by the sampling gear used: in fact, European

anchovies found in trawled specimens’ stomachs might

have been eaten inside the trawl net. Overall feeding

behaviours highlighted for S. porcus in this study are in line

with what reported in literature in other areas, where this

predator diet is mainly based on crustaceans and, only

secondarily, on fishes, rarely on molluscs and polychaetes

(Arculeo et al. 1989; Başçınar and Sağlam 2009; Bradai

and Bouain 1990; Carpentieri et al. 2001; Demirhan and

Can 2009; Follesa et al. 2004; Harmelin-Vivien et al. 1989;

Morte et al. 2001; Pallaoro and Jardas 1991); nonetheless,

it must be noted that prey composition varies according to

the area examined. From our results, a similar feeding

behaviour, mainly based on crustaceans, is also detected in

S. notata. Despite the lower number of full stomachs

examined compared to S. porcus, S. notata showed a more

diversified prey array (15 prey taxa in the latter vs. 9 found

in the former). The most important prey organisms for

S. notata are G. rhomboides, followed by crangonid

Philocheras bispinosus, thalassinid Jaxea nocturna and

processid Processa macrophthalma. According to CDA,

J. nocturna is the main prey item discriminating small red

scorpionfish diet; this analysis also highlights a small group

of prey organisms (i.e. gammarideans, Callianassa sp.,

Lesueurigobius juv., processids, crangonids) that are also

preyed on by C. lucerna but to a lesser extent, while they

lack in S. porcus diet. These results confirm that S. notata

feeds on both epibenthic organisms and burrower ones,

many of which are known to be nocturnal (Manning and

Chace 1971; Pervesler and Dworschak 1985). The occur-

rence of some prey organisms like J. nocturna and

P. macrophthalma, reported for the first time in this study

for S. notata diet, possibly depends on their large avail-

ability in the study area.

The results of the analyses by size between predators

suggest that there is no sharp divergence in prey abundance

between size classes, except for size class V (LT [
260 mm)—only represented in C. lucerna—which resulted

to be significantly different from all of the other size

classes examined. Diet variation by size in C. lucerna was

also reported by Colloca et al. (1994) in the Tyrrhenian Sea

and by Stagioni et al. (2011) in the Adriatic Sea, albeit at

smaller sizes (i.e. 14–16 cm standard length and 180 mm

LT, respectively), which are possibly ascribable to the

threshold from a juvenile to an adult stage. Such discrep-

ancy might be related to the fact that oil and gas platforms

represent particular environments where biological

parameters may be altered, as testified by the positive

growth performance showed by scorpaenids associated

with northern Adriatic platforms as compared to those

living in natural environments (Scarcella et al. 2011a).

Unlike summer decreases in feeding activity reported

for these three species in natural environments, which are

possibly related to reproductive events (Bradai and Bouain

1990; Pallaoro and Jardas 1991; Morte et al. 2001; Stagioni

et al. 2011), our results showed no significant temporal

variations in prey abundance, thus suggesting a constant

resource exploitation by the three predators throughout the

year.

Overall, predators like scorpaenids, which live in strict

association with platforms in the study area, seem to rely on

soft-bottom prey items rather than exploiting resources

from the platforms. A similar behaviour was noticed in

scorpaenids that live in association with artificial reefs,

which prefer to explore the surrounding grounds for nour-

ishment and feed very little on reef species (Relini et al.

2002). Therefore, platform-induced occurrence of scor-

paenids on natural soft bottoms entails an overlap of the

trophic niche between scorpaenids and the predators that are

typical of soft bottoms, such as tub gurnard, leading to a
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competition for the same resources. Although the three

predators examined massively exploit the same prey

organisms (i.e. G. rhomboides), most probably because of

their large availability in the area, they still show distinctive

elements that characterize their diets, which let us hypoth-

esize a certain degree of prey partitioning.
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