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Abstract

Background: The banning of fisheries discards by imposing an obligation to land unwanted catch constitutes a

key point of the Common Fishery Policy reform proposed by the European Commission. The effect of such a ban on
discards on top marine predators such as seabirds is largely unknown, especially in oligotrophic systems of the Medi-
terranean. The current study investigates the presence of scavenging seabirds around fishing trawlers as well as the
exploitation of discards produced by bottom trawlers in the eastern lonian Sea.

Methods: On-board observations were randomly conducted in May and December 2014, in order to record the
presence and use of fishery discards by two common seabird species, namely, Scopoli's Shearwater (Calonectris dio-
medea) and the Yellow-legged Gull (Larus michahellis).

Results: A total of 3400 seabirds were counted during May of which 2190 individuals were Scopoli's Shearwaters and
1210 were Yellow-legged Gulls. The latter species was the only scavenger observed during winter and in total, 768
individuals were counted. Differences in species abundance in the study area are related to breeding phenology and
migratory movements. The number of seabirds attending bottom trawler operations during morning and afternoon
hours showed no significant differences for both seabird species. Both scavenging seabirds extensively exploited
fishery discards, which were mainly demersal fish, and consumed 70-80% of the total fishery discards biomass; how-
ever, they appeared to avoid poisonous species and/or large-sized fish. Yellow-legged Gulls displayed kleptoparasitic
behaviour on Scopoli's Shearwater during feeding experiments. The number of such incidents depended on the
number of gulls around the fishing vessel, with more than 90% success rates.

Conclusions: Considering the average annual biomass of discards estimations and the consumption rate found in
this work, 106.1-117.9 t may be offered as a food subsidy to scavenging seabirds in the study area and should support
a substantial part of local populations. Our results constitute baseline information on the annual amount of fishery
discards and their exploitation rate by seabirds in the lonian Sea, and suggest further work for a complete understand-
ing of the potential impacts of the discards reform bill on seabirds.
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Background

The fishing industry and seabirds are generally charac-
terised as competitors for marine food resources. To be
more specific, interactions between fishing and marine
birds may have both negative consequences, such as
the reduction of prey for the latter due to overfishing,
and positive ones, e.g., via the global annual supply of
7.3 x 10° t discarded unsaleable bycatch (Kelleher 2005)
as food for marine avifauna populations (Montevecchi
2002; Louzao et al. 2011; Tremblay et al. 2014). Conse-
quently, fisheries have considerable influence, at several
scales, on the distribution of seabirds at sea due to the
availability of discards (Furness 2000) but they also have
an indirect impact on the ecology and population dynam-
ics of seabirds, which are linked to prey abundance at
both local and regional levels (Fauchald 2009).

The European Commission (EC) has already adopted
an Action Plan to enhance fisheries sustainability in
the Mediterranean by implementing specific manage-
ment measures. More specifically, the EC is currently
proposing the banning of discards by imposing an obli-
gation to land the unwanted catch as a key point of the
proposed reform of the Common Fisheries Policy (EU
2013). Quantification of fishery waste has been identified
as crucial for upgrading stock assessments and exploring
potential impacts of the fishing industry on marine eco-
systems (Rochet and Trenkel 2005).

According to the Food and Agriculture Organization
(FAO) of the United Nations (2016), the total annual
biomass of fishery discards in the Mediterranean Sea is
of the order of 230,000 t, corresponding to 18% of total
catches. Bottom trawls are reported to be responsible
for the bulk of discards (>40%); discard rates for pelagic
fisheries, such as pelagic trawls and purse seiners, are
generally lower ranging between 10-50 and 2-15%
respectively, while relevant information on discards for
small-scale fisheries is relatively scarce; nevertheless,
available data estimate the discard ratio at less than 10%
for trammel and gillnets (FAO 2016).

Discards constitute a food source for several groups of
species (e.g., seabirds and benthic scavengers) and cause
alteration of trophic interactions, which affect ecosystem
function and structure. For example, Bicknell et al. (2013)
have shown that a decline of discards could influence
different aspects of seabird biology including foraging
behaviour, breeding success, body condition, and survival
rates for different age classes. Nevertheless, the impact
of the forthcoming ban on discarding within the marine
environment is largely unknown even if relevant studies
have been conducted recently (Bellido et al. 2011; Louzao
et al. 2011; Oro et al. 2013; Depestele et al. 2016). More-
over, the ecological effects on the marine environment
may be of considerable importance for ecosystems in the
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extremely oligotrophic eastern Mediterranean, which is
characterised by a significant knowledge gap regarding
the interactions between fisheries and seabirds, e.g., dis-
card consumption by scavenging seabirds. These features
and the consequences of eliminating the energy input of
fishery discards into the ecosystem may have been under-
valued and should be examined within the framework of
an Ecosystem Approach that, in Europe, is implemented
through the Marine Strategy Framework Directive.

Fishery operations in the Ionian Sea (western Greece,
eastern Mediterranean) have a severe impact on marine
birds, either negative via bycatch incidental mortality
caused by various fishery gear such as bottom longline,
surface longline, and gillnet (Karris et al. 2013) or posi-
tive, since trawlers provide a significant amount of dis-
cards that constitute an important food resource in this
oligotrophic marine ecosystem, as highlighted in a previ-
ous study (Machias et al. 2001). Trawl discards in the Ion-
ian Sea are estimated at approximately 38% of the total
catch (Tsagarakis et al. 2008), representing the bulk of
Greek fisheries discards. The current study investigates
the occurrence of different scavenging seabird species
around fishing trawlers as well as the exploitation of dis-
cards produced by bottom trawlers in the eastern Ion-
ian Sea. Establishing baseline information on the annual
amount of fishery discards and their exploitation rate by
seabirds in the Ionian Sea will contribute to predicting
the consequences on these scavenging top marine preda-
tors in case of a ban on discarding at sea.

Methods

Study area

The study was carried out in the eastern Ionian Sea
(37°50-38°20'N, 20°50-21°20E) (Fig. 1). This marine
area is known to host a significant network of breeding
and foraging sites for seabirds such as Strofades Islands
(Fric et al. 2012; Issaris et al. 2012; Karris et al. 2017),
while intensive fishing is one of the main human activities
in the area (see for example Karris et al. 2013). More than
35 small and large fishing ports are distributed along the
coastline extending west towards the coasts of the islands
of Zakynthos and Kefalonia and east towards the coasts
of the Peloponnese and Sterea Ellada. Nearly 700 fish-
ing vessels are registered in the area and the majority are
small boats that use trammel nets, gillnets, and longlines
as fishing gear (Kavadas et al. 2013). The bottom trawler
fishing fleet registered at the port of Patras and operating
in the study area in 2014 consisted of 25 vessels.

Sampling methods

Experimental discard consumption by seabirds was con-
ducted in May and December 2014 on-board a trawler
(horsepower: 700 hp and length: 28 m) operating from



Karris et al. Avian Res (2018) 9:26

Page 3 of 14

20°E

O Hauling operations (May 20
© Hauling operations (Decembe

Port of Kyllini

:| Natura 2000 sites-SPAs
Bathymetry
I 0-50

I 50-100
I 100-200
I 200-300
[ 300-400
[ 400-500
[ 500-1000
[]1000-2000
[—12000-3000
[1>3000

38°

Strofades islands

e

Patraikos Gulf

38°

GREECE

T
20°E

period as well as Special Protection Areas and Kyllini port are also shown

Fig. 1 Study area where on-board experiments for the exploitation of discards by seabirds took place. Locations of hauling operations per sampling

T
21°E 22°E

the port of Kyllini (western Peloponnese). No samples
were taken in the summer when, according to Greek
legislation, it is prohibited for the fleet of bottom trawl-
ers to operate, with the exception of a small number of
Italian and Greek trawlers operating in the international
waters of the area. Three observers, one ornithologist and
two ichthyologists, were on-board the vessel and samples
were taken during randomly selected hauling operations.
Data collection was carried out between dawn and late
afternoon so as to count the total number of seabirds
assembling close to the trawler. Individuals of each spe-
cies were identified using binoculars (10 x 50 magnifica-
tion). Seabirds attending trawler fishing were counted
during hauling operations conducted at a speed of 2—4
knots and with a mean duration of 30—45 min, until the
end of the discarding process, following relevant standard
methodological approaches (Abell6 et al. 2003; Valeiras
2003; Gonzdlez-Zevallos and Yorio 2011). Information
on seabirds associated with fishery operations included
spatial distribution within a radius of 200 m (divided into
three zones of 0—50, 50—100 and 100-200 m) around the
fishing vessel, as well as behaviour such as kleptoparasit-
ism, diving, resting, etc. Data on total catch and discards
per haul, faunistic composition of discards listed as fish,

cephalopods, and crustaceans, as well as weather condi-
tions, date, time, location, duration, and depth of hauling
operations were also collected.

On-board experiments of discard exploitation by sea-
birds were performed during calm to fresh breeze condi-
tions (<6 Beaufort) so as to be able to check whether a
discarded item was consumed or not. After preliminary
screening, a representative proportion of discards per
hauling operation was identified to species level using
standard reference guides and then all discard items were
measured and weighed on deck. The weight estimates
provided an opportunity to extrapolate the discard rates
per item to each hauling operation. Samples of differ-
ent single discarded items were thrown overboard from
the stern of the vessel, one at a time, in order to a) assess
the scavenging behaviour of each seabird species, and b)
quantify the extent of feeding (or non-feeding) specialisa-
tion in relation to the most abundant discarded species
for which quantification of scavenging process by sea-
birds was possible. More specifically, each sample was
randomly thrown at 5-min intervals to eliminate overesti-
mation in discard utilisation (Garthe and Hiippop 1998).
Single discarded samples contained a mean number of
10-15 individuals per discard item except for the rarest
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and/or largest, and consequently allowed quantification
of the scavenging process by focusing on the proportions
obtained by all bird species (and not by each species) so
as to avoid relevant bias as indicated by Garthe and Hiip-
pop (1998). We also included individuals of different sizes
per experiment so as to use a more representative sample
per discarded species and quantify their fate in a more
reliable way (Garthe and Hiippop 1998). Consumption of
the rarest and/or largest discard items, such as the dorso-
ventrally flattened Raja species, was tested by throwing
one individual over-board per experiment.

All data (e.g., bird counts, depths, etc.) are presented
as mean=standard error. Kolmogorov—Smirnov and
Levene’s tests were applied to the bird counts performed
during different daily intervals and seasons in order to
test distribution of data and homogeneity of variance,
respectively. According to the values of Kolmogorov—
Smirnov test (p>0.05), we had no reason to suppose
that the distribution of the bird counts for all species
was significantly different from a normal distribution.
One-way analysis of variance (ANOVA) or the Mann-
Whitney U test were applied to determine differences in
the mean number of seabirds attending bottom trawler
operations between morning (05:00-12:00) and after-
noon hours (13:00-19:30) as well as between seasons.
More specifically, when Levene’s test showed that there
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was no homogeneity of variance (p <0.05), the non-para-
metric Mann—Whitney U test was used. Pearson’s r cor-
relation coefficient (two-tailed test) was used to measure
the strength of the linear association between ‘at sea co-
occurrence’ of different seabird species during hauling
operations as well as between kleptoparasitic incidents
and numbers of Yellow-legged Gulls attending hauling
operations. Possible correlations were tested between
the distance to the nearest coast and the abundance of
seabirds but also between counts of seabirds attendance
during hauling operations conducted within the same
day. Minimum distances from the coastline were esti-
mated using the ‘near’ proximity tool, which forms part
of ESRI’s ArcGIS toolboxes (ESRI 2007). Statistical analy-
sis was performed using the IBM SPSS statistics 20 soft-
ware package and level of significance was set at p <0.05.
Mapping was implemented using ESRI’s integrated GIS
system ArcGIS v 10.1.

Results

Location and amount of discards

A total of 19 bottom trawler-hauling operations were
monitored during the current study, conducted in 2014
(Table 1, Fig. 1). Some of the data appear to be generated
around a same point of the Port of Kyllini, a fact poten-
tially biasing our results. Fishery operations occurred at

Table 1 Details of bottom trawler operations where on-board observations of seabirds attending and scavenging

on discards took place

No. Year Date

Time of setting Time of hauling Coordinates (WGS

Depth (m) Minimum distance Beaufort Wind direction

84) of hauling from the coastline scale

operations (km)

(longitude, latitude)
1 2014 3 May 05:45 11:30 21.1195, 38.2567 764 3.05 3 SW
2 2014 3 May 12:47 18:00 21.0778,38.2328 828 545 4 SE
3 2014 4 May 00:00 06:30 21.0778,38.2328 85.7 545 3 S
4 2014 4 May 06:30 13:30 21.2590, 38.0687 703 6.10 4 SW
5 2014 5 May 05:30 11:30 21.1195,38.2567 76.5 3.05 3 W
6 2014 5May 11:30 17:00 21.1190, 38.2457 80.0 404 3 NW
7 2014 17 May  06:00 11:50 21.0477,37.9578 1320 7.36 4 S
8 2014 17 May  11:50 18:50 20.9490, 38.1117 1229 13.36 4 SW
9 2014 17May 1800 2045 20.8623,38.0107 145.6 8.56 3 SwW
10 2014 18May  06:00 11:00 21.0803, 37.8052 546.0 4.79 2 W
11 2014 9Dec 03:35 09:.07 21.1358,37.9768 61.7 333 3 N
12 2014 9Dec 09:35 14:59 21.1950, 38.0637 74.0 10.38 2 NW
13 2014 9-10Dec 22:16 06:14 21.1503, 38.2372 65.0 6.30 3 E
14 2014 10Dec  06:35 10:48 21.1392,37.9952 50.0 5.15 3 NE
15 2014 10 Dec 11:10 16:29 21.1773,38.2217 78.0 772 5 NE
16 2014 11Dec 0455 11:05 21.1573,37.9953 74.0 546 3 NE
17 2014 11 Dec 11:30 17:37 21.1285,37.9872 74.0 446 4 N
18 2014 12Dec 0030 06:42 21.1458, 37.9850 777 4.19 5 N
19 2014 12Dec  07:10 12:40 21.1688,37.9853 713 497 5 N
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107.6 £24.98 m depth with a range of 50-546 m. Total
biomass of landings was 1718.0 kg (90.4+6.73 kg per
hauling operation), while the total respective biomass of
discards was 1261.3 kg (66.4+ 18.73 kg per hauling oper-
ation), representing 42% of the total fishery catch with
discard rates ranging from 10 to 83%.

In the study area, total bottom trawler discards as esti-
mated using on-board observers and VMS data (Kava-
das et al. 2013) were approximately 164.0 and 131.9 t in
2014 and 2016 respectively. Taking into account the aver-
age of annual biomass of discards estimations derived
from data collected in the framework of Data Collection
Framework (Council Regulation (EC) no 199/2008) and
the consumption rate found here as it is described below,
106.1-117.9 t may be offered as a food subsidy to scav-
enging seabirds.

May sampling operations

A total of ten hauling operations were monitored where
only two seabird species were found to attend all opera-
tions with their main purpose being to consume dis-
cards. Scopoli’s Shearwater (Calonectris diomedea) was
the most abundant scavenger (2190 individuals, 64%),
followed by the Yellow-legged Gull (Larus michahellis)
(1210 individuals, 36%) (Table 2; Fig. 2). Moreover,
the sampling operations revealed a distinct behav-
iour between the two scavenging species, with 80% of
attending shearwaters being closer to the vessel (radius
of 0-50 m) than gulls; 70 and 30% of the gulls were
observed in a radius of 100-200 and 50-100 m, respec-
tively. Although the shearwaters were on average more
numerous than the gulls attending hauling operations,
this difference was not significant according to ANOVA
analysis (F=3.49, df=1.18, p=0.078). No significant
correlation was also revealed between the number of
observed individuals per species attending each trawl-
ing operation (r=0.054, =10, p=0.883). Shearwaters
were more abundant during late afternoon while gulls
were present during early morning to mid-day (Fig. 3).
Nevertheless, no significant differences in attendance at
fishing operations were found for either Scopoli’s Shear-
water (ANOVA: F=2.79, df=1.8, p=0.133) or the Yel-
low-legged Gull (ANOVA: F=0.001, df=1.8, p=0.97)
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Fig. 2 Box plot showing median, interquartile range, and range
referring to attendance rate of scavenging seabird species around
fishing trawlers along the eastern lonian Sea in May and December
2014. Outliers are plotted as individual points

during morning and afternoon hours. No significant
correlation was also revealed between counts of seabird
attendance during hauling operations conducted within
the same day (r=—0.187, n=4, p=0.813). In addition,
no effect of the minimum distance from the coastline on
seabirds abundance was detected, neither for shearwaters
(r=0.270, n=10, p=0.270) nor for gulls (r=-0.227,
n=10, p=0.529).

The depth of samplings was 141.8+£45.70 m with a
range of 70 to 546 m. Total biomass of landings was
897.3 kg (89.74+10.90 kg per hauling operation) while
the total respective biomass of discards was 799.2 kg
(79.9 £ 34.41 kg per hauling operation), representing 47%
of the total fishery catch with discard rates ranging from
10 to 83%. Forty-six species including 40 species of fish,
four species of crustaceans, and two species of cephalo-
pods were identified as discards (Table 3). Most of the
catch discarded by bottom trawlers consisted of under-
sized commercial and non-commercial species. The five
most abundant discard species caught were Annular
Seabream (Diplodus annularis) (299.9 kg), Picarel (Spi-
cara flexuosa) (85.9 kg), Bogue (Boops boops) (63.8 kg),
Axillary Seabream (Pagellus acarne) (45.0 kg), and Large-
scaled Gurnard (Lepidotrigla cavillone) (38.2 kg).

Table 2 Percentage of presence, total, mean, maximum, and minimum number of scavenging seabirds attending bottom
trawlers during May and December 2014 along eastern lonian Sea (n: number of fishing operations)

Species (date) N Total number Mean =+ SE (birds/haul) Max. Min.
(individuals)

Scopoli’s Shearwater (May 2014) 10 2190 21943238 375 45

Yellow-legged Gull (May 2014) 10 1210 121£41.19 395 8

Yellow-legged Gull (December 2014) 9 768 85+23.86 250 18
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Fig. 3 Box plot showing median, interquartile range, and range
referring to the attendance rate of scavenging seabird species around
fishing trawlers operating during morning and afternoon hours along
the eastern lonian Sea. Plots were grouped by using different colour
according to species and sampling period. Outliers are plotted as
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Another aspect of the composition of trawler dis-
card items was their classification into main catego-
ries according to their ecology. Benthopelagic species
(35 species, 76%) were the most common, followed by
benthic species (6 species, 13.0%) and pelagic species
(5 species, 11%). In terms of biomass, benthopelagic
species constituted the most important type of dis-
carded items (692.2 kg, 87%), followed by pelagic spe-
cies (66.9 kg, 8%) and benthic species (40.0 kg, 5%) (see
Table 3).

Feeding experiments (#=109) using 24 different
discard items revealed that both scavenging seabird
species extensively exploited almost all types of dis-
card by consuming 76+2% of the total offered fish-
ery discarded biomass (Table 3). Specifically, Scopoli’s
Shearwater exploited 28 out of 46 discarded species
(61%), while they seemed to avoid poisonous species
and/or dorso-ventrally flattened as well as eel-like
fish (Table 3). The Yellow-legged Gull showed a wider
preference by exploiting 37 out of 46 discarded spe-
cies (80%) and avoiding mainly large-sized (range of
mean length: 112-491 mm) eel-like and dorso-ven-
trally flattened species (Table 3). Adult Yellow-legged
Gulls displayed kleptoparasitic behaviour on Scopoli’s
Shearwater during feeding experiments by forcing
shearwaters to release captured discard items, mainly
medium-sized, and this behaviour was generally very
effective. The number of such incidents ranged from
two to four per experimental discarding event, and
depended significantly on the number of gulls around
the fishing vessel (r=0.842, n=10, p<0.05), while
more than 90% of them were successful.
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December sampling operations

A total of nine hauling operations were monitored where
only Yellow-legged Gulls attended as scavengers. Spe-
cifically, 768 gulls attended all hauling operations, while
the mean number of observed individuals was 85+23.86
(Table 2; Fig. 2). There were on average fewer gulls dur-
ing winter compared to spring although attendance-level
densities during hauling operations did not differ sig-
nificantly between the two periods (ANOVA: F=0.529,
df=1.17, p=0.477). The majority of attending gulls
(60%) were observed within a radius of 100-200 m
around the vessel while only 30 and 10% were observed
within a radius of 50-100 and 0-50 m, respectively.
Contrary to spring observations, gulls were on average
more abundant in the afternoon (13:00-19:00 h) than
in early morning (05:00-12:00 h) but no significant dif-
ferences in attendance during trawling operations were
found during different daily intervals (Mann—Whitney
U test: p=0.624) (Fig. 3). No significant correlation was
also revealed between counts of seabird attendance dur-
ing hauling operations conducted within the same day
(r=—0.285, n=4, p=0.715). Additionally, no effect of
the minimum distance from the coastline on gulls abun-
dance was detected (r=—0.238, n=9, p=0.538).

Sampling was conducted at a depth of 69.5+3.04 m
and a range of 50-78 m. Total biomass of landings
was 820.8 kg (91.2+8.15 kg per hauling operation)
while total respective biomass of discards was 462.1 kg
(51.3+11.55 kg per hauling operation), representing
36% of the total fishery catch with discard rates ranging
from 12 to 58%. Thirty-seven species including 29 spe-
cies of fish, four species of cephalopods, and four spe-
cies of crustaceans were identified as discards (Table 4).
As for the spring sampling, the catch discarded consisted
of undersized commercial and non-commercial spe-
cies (Table 4). The five most abundant discard species
caught were: Atlantic Horse Mackerel (Trachurus trachu-
rus) (234.9 kg), Boops boops (87.3 kg), Spicara flexuosa
(19.5 kg), Deepwater Rose Shrimp (Parapenaeus longi-
rostris) (16.5 kg) and European Conger (Conger conger)
(13.1 kg) (Table 4).

The composition of trawler discard items showed that
benthopelagic species (26 species, 70%) were the most
common, followed by benthic species (six species, 16%)
and pelagic species (five species, 14%). The largest pro-
portion of discarded biomass belonged to pelagic spe-
cies (245.0 kg, 53%), followed by benthopelagic species
(178.1 kg, 39%) and benthic species (39.0 kg, 8%) (see
data in Table 4).

Feeding experiments (n=33) using five different dis-
card items revealed that Yellow-legged Gulls exten-
sively exploited almost all types of discard by consuming
71+£4% of the total offered fishery discarded biomass
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Table 3 Demersal trawling discard composition and quantity. On-board sampling (n =10, number of hauls) took place
in the eastern lonian Sea during May 2014

Species of fishery discards Seabird species Exploitation
of discards
Species  Discard  Description Body Biomass (g) Length (mm) Calonectris Larus %
type shape type diomedea  michahellis consumption
Fishbase!, Total Mean +SD Mean +SD by scavengers
FAO?
Aristeus Crusta- Benthic Cylindrical® 2720 27204860.14 203+262 + + 50
anten- cean
natus®
m
Liocar- Crusta- Benthic Dorsoven- 400 40.04+12649 - + +
cinus cean trally
depura- flattened?
tor
Parap- Crusta- Benthic Cylindrical” 16,820 1682.0+2137.88 18.8+3.94 + + 76
enaeus cean
longiro-
stris* (5)
Squilla Crusta- Benthic Cylindrical® 4920 492.0+£528.66 20.245.00 + 80
mantis* cean
@
Loligo Cephalo-  Pelagic Cylindrical® 5580 5580+663.76 - + + 95
vulgaris*  pod
@
Sepia Cephalo-  Benthope- Cylindrical® 3080 308.04379.96 - + +
offici- pod lagic
nalis
Arnoglos-  Fish Benthic Ventrally 8880 888.0+122345 85.5+14.49 + + 70
sus flattened'
laterna*
©)
Blennius ~ Fish Benthope- Elongated' 160 16.0+791 80 + +
ocellaris lagic
Boops Fish Benthope-  Torpedi- 63,790 6379.0+5700.25 137.8+13.54 + + 88
boops* lagic form’
(10)
Chloroph- Fish Benthope- Elongated' 1520 152.0+480.67 1416+£1390 + + 80
thalmus lagic
agas-
sizii* (1)
Citharus Fish Benthic Ventrally 6280 628.0+767.98 13371769 + + 80
linguat- flattened'’
ula* (2)
Conger Fish Benthope- Eel-like' 19,360 1936.04+2750.37 491.7491.70 0
conger* lagic
©)
Diplodus  Fish Benthope-  Laterally 299,960 29,996.0+93,816.53 118.7+13.43 + + 82
annu- lagic flattened’
laris*
(10)
Echelus Fish Benthope- Eel-like' 4000 400.0£1264.91 480
myrus lagic
Engraulis  Fish Pelagic Elongated' 10,840 1084.0+£1822.94 1304+7.89 + + 73
encra-
sicolus*®
©)
Eutrigla Fish Benthope- Elongated’ 1040 104.0£22643 - +
gur- lagic

nardus
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Table 3 (continued)
Species of fishery discards Seabird species Exploitation
of discards
Species  Discard  Description Body Biomass (g) Length (mm) Calonectris Larus %
type shape type diomedea  michahellis consumption
Fishbase!, Total Mean+SD Mean +SD by scavengers
FAO?
Galeus Fish Benthope- Elongated' 3760 376.04+1189.02 301.34£134.55
melasto- lagic
mus
Gobius Fish Benthope- Elongated' 1000 100.0+£216.02 109.54+0.71 + +
spp. lagic
Hoploste-  Fish Benthope- Laterally 1000 100.0£316.23 133.3+4.1 + +
thus lagic flattened'
mediter-
raneus
Hymeno-  Fish Benthope- Ribbon-like' 320 320+101.19 139.3+£8387 + +
cephalus lagic
italicus
Lepidopus  Fish Benthope- Ribbon-like' 5800 580.041441.63 532+3342 + +
cauda- lagic
tus
Lepi- Fish Benthope-  Elongated’ 38,200 3820.5+3964.43 105.3+1.60 + 72
dotrigla lagic
cavil-
lone*
(10)
Merluccius  Fish Benthope- Elongated' 2400 240.04345.64 136.2+3377 + + 80
merluc- lagic
cius* (1)
Mullus Fish Benthope- Laterally 1500 150.0+£474.34 153 + +
barba- lagic flattened’
tus
Ophisurus ~ Fish Benthope- Eel-like' 320 320+101.19 -
serpens lagic
Pagellus  Fish Benthope-  Laterally 45,000 4500.0+ 14,230.25 - + + 79
acarne* lagic flattened’
(10)
Pagellus Fish Benthope- Laterally 26,600 266044463.91 86.1+13.64 + + 80
erythri- lagic flattened’
nus* (8)
Raja Fish Benthope- Ventrally 7200 720.04+2276.84 295
clavata lagic flattened’
Raja Fish Benthope- Ventrally 960 96.04+303.58 243
mirale- lagic flattened’
tus
Sardina Fish Pelagic Laterally 1580 158.0+281.02 13434493 + + 90
pilchar- flattened’
dus* (1)
Scorpaena  Fish Benthope- Spheroid' 200 20.0£63.25 144 +
elon- lagic
gata
Scorpaena  Fish Benthope- Spheroid' 1280 128.0+280.19 110.5+27.58 + 70
notata* lagic
(1
Scorpaena  Fish Benthope- Spheroid' 240 24.0£75.89 85 +
scrofa lagic
Serranus Fish Benthople- Laterally 11,490 1149.04+1415.80 848186 + + 80
hepa- agic flattened’

tus* (1)
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Table 3 (continued)
Species of fishery discards Seabird species Exploitation
of discards
Species  Discard  Description Body Biomass (g) Length (mm) Calonectris Larus %
type shape type diomedea  michahellis consumption
Fishbase!, Total Mean+SD Mean +SD by scavengers
FAO?
Spicara  Fish Benthope-  Laterally 85,880 8588.0+7363.67 127+18.42 + + 82
flexu- lagic flattened’
osa*
(10)
Spicara Fish Benthope- Torpedi- 2460 246.04534.00 10954+£1323 + + 80
smaris* lagic form!
M
Synodus  Fish Benthope-  Elongated' 21,300 213004526963 300 + + 70
saurus* lagic
(6)
Torpedo Fish Benthope- Ventrally 8450 845.042517.99 112
marm- lagic flattened’
orata
Torpedo Fish Benthope- Ventrally 16,000 1600.0 £ 5059.64 -
nobili- lagic flattened'
ana
Torpedo Fish Benthope- Ventrally 6000 600.0+1897.37 230
torpedo lagic flattened’
Trachinus ~ Fish Benthope- Elongated' 9400 940.0+1605.24 197542475 + 63
draco* lagic
©)
Trachinus ~ Fish Benthope- Elongated! 320 3204+101.19 - +
radiatus lagic
Trachurus ~ Fish Pelagic Laterally 16,120 1612.0+2440.55 766+13.19 + + 74
mediter- flattened'
raneus*®
(5)
Trachurus ~ Fish Pelagic Laterally 32,780 3278045377.11 848+194 + + 82
trachu- flattened’
rus* (10)
Trisopterus  Fish Benthope- Laterally 480 480+151.79 105£6.81 + +
minutus lagic flattened'’
Uranosco-  Fish Benthope- Elongated' 1760 176.0+45537 176 +
pus lagic

scaber

Seabird species scavenging on fishery discards in the lonian Sea are also shown. (+) shows discard use per seabird species whereas () shows non consumption
respectively. Species in bolditalics indicate the most abundant fishery discard items as potential food source for seabirds. Asterisk * (number of experiments) indicates
experimentally discarded species for which quantification of scavenging process by seabirds was possible

(Table 4). Gulls exploited the majority of discard items
(30 species, 81%), while mainly large-sized eel-like and
dorso-ventrally flattened species were avoided (Table 4).

Discussion

According to this study, the total biomass of discards was
found to represent 42% of the total fishery catch, which
is close to 45% of the catches reported discarded in the
north-eastern Mediterranean Sea (Machias et al. 2001)
and can be characterised as high compared to relevant
weighted average discard rates for the main types of fish-
eries worldwide (Kelleher 2005; Bellido et al. 2011).

On-board observation data revealed differences in dis-
card composition and patterns between the two sampling
months as described by Bellido et al. (2011). The number
of observed discarded species (46) and the total biomass
of discards (800 kg) were found to be higher in spring
than in winter sampling operations (46 vs 37 species and
800 vs 460 kg respectively). An obvious explanation is the
breeding season of fish, given that reproduction of Medi-
terranean ichthyofauna takes place mainly from spring
to midsummer (Tsikliras et al. 2010). However, the sig-
nificant difference in the quantity of discards between
the two periods can be attributed mainly to the catch of
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Table 4 Demersal trawling discard composition and quantity. On-board sampling (n=9, number of hauls) took place
in the eastern lonian Sea during December 2014

Species of fishery discards Seabird Exploitation
species of discards
Species Discard type Description Body shape Biomass (g) Length (mm) Larus %
type michabhellis consumption
Fishbase’, Total Mean+SD Mean+SD by scavengers
FAO?
Liocarcinus Crustacean Benthic Dorsoventrally 300 33.34100.00 24 +
depurator flattened?
Pagurus sp. Crustacean Benthic Cylindrical® 500 556+ 166.67 -
Parapenaeus  Crustacean  Benthic CylindricalP 16,470 1830.0+2536.80 19.8+3.46 + 74
longirostris*
(5)
Squillamantis ~ Crustacean Benthic Cylindrical® 5980 664.4+1296.29 2294259 +
Alloteuthis Cephalopod  Pelagic Cylindrical? 5655 628.3+666.50 - +
media
Loligo vulgaris ~ Cephalopod  Pelagic Cylindrical? 600 66.7 £+ 200.00 - +
Sepia officinalis ~ Cephalopod  Benthopelagic ~ Cylindrical? 3200 355.64+640.53 - +
Sepiolidae sp. Cephalopod  Benthopelagic ~ Cylindrical® 180 20.04+40.00 - +
Arnoglossus Fish Benthic Ventrally 7950 883.3+701.78 92+1632 +
laterna flattened’
Aspitrigla Fish Benthopelagic  Elongated' 1000 111.1433333 173 +
cuculus
Blennius ocellaris - Fish Benthopelagic  Elongated' 910 101.14+249.02 110 +
Boops boops*  Fish Benthopelagic Torpediform’ 87,250 9694.4+10,071.45 135.6+13.20 + 78
(10)
Cepola mac- Fish Benthopelagic  Ribbon-like' 100 11.1433.33 148 +
rophthalma
Citharus lin- Fish Benthic Ventrally 7800 866.7 +986.47 1248+1688 +
guatula flattened'
Conger con- Fish Benthopelagic Eel-like' 13,100 1456.6+2206.02 448.9+71.83 0
ger*(2)
Dentexmaroc-  Fish Benthopelagic  Laterally 6040 671.1+£1282.77 91943830 +
canus flattened'
Echelus myrus Fish Benthopelagic  Eel-like' 220 24447333 562+5091
Engraulis encra-  Fish Pelagic Elongated' 3450 383.31+463.68 99.5+16.51 +
sicolus
Gobius spp. Fish Benthopelagic  Elongated' 2945 327.24530.02 725+3447 4+
Lepidotrigla Fish Benthopelagic  Elongated' 6850 761.1 +£681.81 98+15.58 +
cavillone
Merluccius Fish Benthopelagic  Elongated' 6660 740.04+903.83 145241887 +
merluccius
Mullus barbatus ~ Fish Benthopelagic  Laterally 2340 260.01+361.11 106.7+£13.16  +
flattened’
Ophidion barba-  Fish Benthopelagic  Eel-like' 2000 222.2+666.67 207542333
tum
Pagellus acarne  Fish Benthopelagic  Laterally 1200 133.3+400.00 152 +
flattened’
Pagellus eryth-  Fish Benthopelagic  Laterally 1600 177.8+268.22 788+1248 4+
rinus flattened’
Sardina pilchar-  Fish Pelagic Laterally 400 444+£13333 138 +
dus flattened'
Serranus Fish Benthopelagic Laterally 8600 955.64+911.20 884+£853 +
hepatus flattened'
Spicara flexu-  Fish Benthopelagic Laterally flat- 19,500 2166.7 +1593.74 125+19.86 + 70
osa* (6) tened’
Spicara smaris Fish Benthopelagic  Torpediform! 1300 144.44335.82 131.34+891 +
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Table 4 (continued)
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Species of fishery discards Seabird Exploitation
species of discards
Species Discard type Description Body shape Biomass (g) Length (mm) Larus %
type michabhellis consumption
Fishbase’, Total Mean +SD Mean+SD by scavengers
FAO?
Synodus saurus  Fish Benthopelagic  Elongated' 2000 222.2+666.67 249 +
Torpedo marm-  Fish Benthopelagic  Ventrally 3850 427.8+788.63 1715+63.62
orata flattened’
Torpedo nobili-  Fish Benthopelagic  Ventrally 2080 231.14+480.32 10474+252 -
ana flattened’
Trachinus draco ~ Fish Benthopelagic  Elongated' 500 556+166.67 145 +
Trachurus Fish Pelagic Laterally flat- 234,900 26,100+23,937.31 115.8+7.76 + 78
trachurus* tened’
(10)
Trisopterus Fish Benthopelagic  Laterally 4200 466.7 £700.00 1388+854  +
minutus flattened’
Uranoscopus Fish Benthopelagic  Elongated' 400 444+£13333 93 +
scaber
Zeus faber Fish Benthopelagic  Laterally 100 11.1£3333 58 -
flattened’

Seabird species scavenging on fishery discards in the lonian Sea are also shown. (+) shows discard use per seabird species whereas () shows non consumption
respectively. Species in bolditalics indicate the most abundant fishery discard items as potential food source for seabirds. Asterisk * (number of experiments) indicates
experimentally discarded species for which quantification of scavenging process by seabirds was possible

two species, namely the Annular Seabream and Atlantic
Horse Mackerel. The biomass of Annular Seabream alone
(300 kg) caught during the spring season is sufficient to
explain the difference. The catch of so many juveniles of
Annular Seabream is due to the fact that breeding takes
place from April to August, with a peak during the first
half of May (Matic-Skoko et al. 2007), forcing local fish-
ermen to systematically avoid fishing areas with a high
abundance of that species. This is evidenced by on-board
data; total biomass of Annular Seabream is attributed
primarily to a single haul performed on 5 May 2014. In
contrast, Atlantic Horse Mackerel appeared systemati-
cally in almost every haul in winter, because the breeding
season of this species coincides with this sampling period
(Alegria-Hernandez 1984, 1994; Jardas et al. 2004). Con-
sequently, the total discarded biomass (235 kg) of this
species was 600% higher compared to the respective bio-
mass of the spring sampling period.

Regarding the large seasonal variations of other abun-
dant discarded items such as Picarel, Axillary Seabream,
and Large-scaled Gurnard, these are due to the fact that
their breeding seasons coincide with spring. On the other
hand, the abundance of species such as Bogue, European
Conger, and Deepwater Rose Shrimp was consistently
high during both sampling seasons. Bogue is a common
catch throughout the year with a large proportion of
discards. European Conger is not a commercial species
and, therefore, every captured individual, at any stage of

maturity, is rejected as discard. Additionally, the abun-
dance of Deepwater Rose Shrimp, at least locally, is rela-
tively high throughout the year, while that species seems
to breed twice a year, in January and August.

The most abundant seabirds in the Ionian Sea are Sco-
poli’s Shearwater, Yellow-legged Gull, Yelkouan Shear-
water (Puffinus yelkouan), and the Mediterranean Shag
(Phalacrocorax aristotelis desmarestii), and they are all
known to scavenge regularly or infrequently (Bicknell
et al. 2013). The Northern Gannet (Morus bassanus) and
the Great Skua (Catharacta skua) as well as the Mediter-
ranean Gull (Larus melanocephalus), during autumn and
winter, are also rare scavengers in the Ionian Sea (pers.
obs.). Yet here, it was observed that only Scopoli’s Shear-
water and the Yellow-legged Gull follow fishing vessels
and extensively consume fishery discards.

Scopoli’s Shearwater is a long-lived migratory pelagic
Procellariiform species, exploiting persistently produc-
tive marine areas. It is a surface feeder, consuming mainly
pelagic fish, whereas the importance of benthic fish is
minimal, at least during incubation and the chick-rearing
period (Afan et al. 2014). Recent findings have shown
that this seabird adopts a dual foraging strategy, feeding
on epipelagic shelf prey in shallow waters during short
trips and on oceanic prey items, normally associated with
different water masses, during long trips (Cecere et al.
2013). Foraging behaviour is also influenced by a number
of environmental variables such as the moonlight phase
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as well as by the different stages of the breeding period
(Cecere et al. 2013; Rubolini et al. 2015). This top marine
predator is attracted to fishing vessels providing food via
fishery discards and is accustomed to forage near the sea
surface (Cecere et al. 2015). Moreover, during on-board
observations for the evaluation of by-catch seabird mor-
tality in the study area, Scopoli’s Shearwater was found
to be the most abundant species attending fishing vessels,
followed by the Yellow-legged Gull (Karris 2014).

Shearwaters feed on a range of different fish but also on
specific cephalopods such as European Squids (Alonso
et al. 2012; Neves et al. 2012). According to our results,
bottom trawler fishery operations in the study area pro-
vide significant amounts of benthopelagic prey species
to shearwaters during their pre-laying period in spring
(Karris 2014). This alternative food supply can be char-
acterised as normally unavailable due to the foraging
ecology of Scopoli’s Shearwater and, as a consequence,
may affect the population dynamics of local colonies and
specifically of the Strofades population. The fact that this
pelagic seabird is a generalist piscivore was also observed
in the Ionian Sea where it displays scavenging behaviour.
Such wide-ranging feeding habits may enable this spe-
cies switch to alternative food resources in the event of a
ban on discarding. Conversely, this could lead to a more
energy-demanding foraging strategy by undertaking long
trips so as to feed on oceanic prey items. Additionally,
trawling inactivity during specific breeding stages such as
pre-breeding and chick-rearing periods may increase the
by-catch rates of shearwaters in longline fisheries in their
effort to steal bait from hooks (Laneri et al. 2010).

Scopoli’s Shearwater was not observed attending
trawler operations during early December, which can be
explained by the following migration pattern: according
to geolocation data retrieved from the Strofades colony,
shearwaters begin to migrate to the wintering coastal
areas of western Africa in late October (Karris 2014).

On the other hand, Yellow-legged Gull showed a
wider use of discard items in both seasons and not
only during the spring sampling period, which coin-
cides with the chick-rearing period and recognised as
a crucial phase of its life cycle (Alonso et al. 2015; Tel-
ailia et al. 2015). Previous diet analysis studies (Ramos
et al. 2009; Arizaga et al. 2010; Talmat-Chaouchi et al.
2014) suggest that Yellow-legged Gull is a generalist
carnivore at population level, feeding extensively on
discards; this was also revealed by this study. Its high
rates of ecological and demographic success pose real
problems of interaction with humans (i.e., food compe-
tition, economic damages, disturbance) with negative
impacts on the ecosystem (interspecific competition
for breeding sites and food, direct predation, changes
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in vegetation cover) (Bicknell et al. 2013). The expan-
sion of this opportunistic species in the Mediterranean
shows that this phenomenon is partly due to food pro-
vision via fishery discards and the relevant scaveng-
ing capacity of Yellow-legged Gull (Bosch et al. 1994;
Ramos et al. 2009). The lack of adequate data on the
diet of the Ionian population of Yellow-legged Gull and
predation on other sympatric seabird species, as well
as the even less-known impact of the local fishery on
the oligotrophic Ionian ecosystem, should be taken into
account when evaluating the impact of a discards ban
on the conservation of seabird populations. For exam-
ple, body mass, egg volume, and clutch size of the Yel-
low-legged Gull in the Balearic Archipelago of Spain
declined significantly after an experimental decrease of
another food source of anthropogenic origin, namely
an open-air landfill site (Steigerwald et al. 2015). In this
context, the potential response of the scavenger popu-
lation must be taken into account.

According to the data recorded by on-board observ-
ers, exploitation rates of trawler discards by the two
common scavenging seabirds in the Ionian Sea are
high, namely, 93% of total discarded biomass. The mean
percentage of all experimentally discarded items con-
sumed by seabirds was 75 £ 4%, which is comparable to
the outcome of a relevant study conducted in the Bal-
tic Sea (Garthe and Scherp 2003). We assume that this
proportion of discard utilisation based on single item
experiments is not an underestimate as Garthe and
Hiippop (1998) suggested for the North Sea, since the
spatial context of the current study was focused on a
known hotspot for seabirds in the Ionian Sea, and the
relevant time context was also restricted, since we cal-
culated averages over each single sampling season.

Considering that the populations of Scopoli’s Shear-
water and Yellow-legged Gull in the Ionian Sea are esti-
mated at approximately 17,240-18,400 individuals and
2368-2598 individuals respectively (Fric et al. 2012;
Karris et al. 2017), it appears that discards may support
a substantial part of both populations. We can assume
that the use of the roughly estimated annual fishery
waste in this study can contribute to maintaining the
current population numbers of the local scavenging
seabirds, especially for a generalist piscivore like Sco-
poli’s Shearwater and to a lesser extent for an oppor-
tunistic species like Yellow-legged Gull. Additionally,
the importance and suitability of the discards used as
prey by seabirds in general must be further investigated
since Grémillet et al. (2008) argue that these are of
lower energetic quality than their natural prey, and thus
have a deleterious effect on the reproductive success of
scavenging seabirds.
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Conclusions

The baseline information obtained by the current study
confirms that Scopoli’s Shearwater and Yellow-legged
Gull constitute the main scavenging seabirds in the east-
ern lonian Sea. Both scavengers extensively exploited
trawl fishery discards and consumed 70-80% of the total
discards biomass. They also appeared to avoid poisonous
species and/or large-sized fish.
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