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Abstract: Small-scale fisheries (SSFs) in the Mediterranean and Black seas play a significant social
and economic role, representing 84% of the fishing fleet (70,000 vessels), 26% of total revenue (USD
633 million) and 60% of total employment (150,000 people), with the Food and Agriculture Organi-
zation (FAO) recently taking important initiatives to sustain livelihoods. Effective management of
important natural fisheries resources that sustain livelihoods requires a holistic approach accounting
for all parts of the catch. Quantitative data on seasonal catch dynamics together with classification of
bycatch species to IUCN vulnerability status and associated revenues from retained incidental catch
were used to reveal the effect of a small-scale shrimp trap fishery on bycatch. We use three main
quantitative variables (i.e., density, biomass and number of bycatch species) and show a positive
correlation between bycatch and the seasonal catch dynamics of the target species during late spring
and summer. On the contrary, discards were proportionally lower during winter, with the majority
of discarded fish species not considered endangered. Six retained species in spring–summer and
five discarded species in winter were found to modulate the structure of species’ assemblage. Out of
55 bycatch species, 26 were retained and 29 discarded. Only four species were considered threatened,
all of which were caught in very low numbers (<2 individuals), while the majority of the retained
species was not considered endangered. The rapid sorting time (<1 min/per trap) pointed towards a
decreased effect on certain discarded crustacean species and a significant reduction in total bycatch
with timely haul time (from 71 to 47%). The results of this study can be used when considering
future mitigation measures for this fishery, while the methodology used can provide insights into the
management of similar trap fisheries worldwide when taking into account the sustainability of SSFs
and the regional vulnerability status of bycatch species.

Keywords: management; natural resources; biodiversity; incidental catch; discards; revenues; fisheries

1. Introduction

There is widespread national and international recognition that discards in many
world fisheries constitutes an unnecessary catch and raises ecological and economic con-
siderations that require the urgent attention of fisheries and environmental management
organizations [1–6]. Incidentally, caught species are important components in fisheries
management, as they constitute an economic conundrum for the sector and the discards as
an unnecessary biomass to fishers [7,8]. This pattern is even more evident in small-scale
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fisheries (SSFs) due to the nature of fleets characterized as a low income and with limited
possibility for economic diversification in certain partially isolated areas.

Approximately 10 million tons are discarded annually around the world, the majority
of which (93% averaged over the period 1950–2014) are carried out by industrial large-scale
fisheries [9]. Among various types of fishing, shrimp trawling is the biggest contributor
to incidental catches, with the greatest ratio of incidental catch to shrimp catch. Ratios of
5:1 in temperate and subtropical waters and 10:1 in tropical waters have been presented,
owing sometimes to the poor selectivity of the fine-meshed nets [10].

The high rate of discard in global fisheries (e.g., trawl fisheries) may have an ecological
footprint on benthos, fish and bird species, thus inducing changes to trophic interactions
which, in return, may alter ecosystem structure and function [11,12]. The significance of the
apparent waste of fish arising from discarding has also increased with the realization that
the majority of the world’s fisheries resources are either fully or overexploited [10,13,14].
An important component for effective governance is that all sources of fishing mortality
are considered including both incidental and discarded catch [15–18]. The call upon an
ecosystem-based fisheries management has been difficult to implement and, as such, single
species stock assessments are still the main driving management option for European
fisheries [1,10,19].

Small-scale fisheries (SSFs) are of great importance in terms of job opportunities and
contributions to the economy of coastal communities. SSFs have been estimated to gener-
ate approximately 53% of direct employment within the EU fishing sector, representing
approximately 83% of fishing vessels and a quarter of the catch value [20]. To date, most
studies carried out in the Mediterranean Sea concern discards from trawl and purse seine
fisheries, and information from SSFs is currently lacking, although they constitute the
major part of the fleet [7,21]. A representative case of a SSF in the Mediterranean Sea is
the one targeting narwal shrimp, Plesionika narval, (locally called “Symi shrimp”) in the
southeastern Aegean Sea using traps [22–24]. At present, investigations of bycatch are
currently unknown for this specific fishing method, area, and the eastern Mediterranean
Sea. The economic importance of the narwal shrimp as a target species to local economies
has not been extensively studied on a Mediterranean level [25]. In the studied area of the
Aegean Sea, the narwal shrimp is marketed frozen (in 1 kg bags) and sold at prices ranging
between euros (EUR) 25 and 30 per kg, while prices at restaurants reach EUR 120 per kg.
Fishery is mainly targeting the narwal shrimp, but catches also include other demersal
species that are of commercial importance or discarded [26]. Until recently (i.e., December
2021), the studied fishery was neither regulated by means of quotas nor by fish markets.
Shrimps and the retained part of bycatch were distributed based on market demands, either
directly by the fishermen to the restaurants or through individual middleman fishmongers
and at fish markets. Soak time in this fishery varies and is mainly regulated by cost/profit
motives. Traps are either set during sunset and hauled before sunrise or set for 24 h with
the motive of reducing costs of transport to/from fishing areas. In April 2019, a national
management plan was adopted and introduced for all vessels, regardless of vessel length,
an electronic reporting system (ERS), a vessel monitoring system (VMS), permit between
1 May to 31 August, a minimum mesh size of 12 mm and a ban to fish at depths less than
40 m, which followed from the results of the research project “Plesionika Manage” that
was funded by the European Marine Fisheries Fund, EMFF-Greece, which showed high
concentrations of egg-bearing females at these depths [22–24,27–29].

Quantitative data were used to reveal the temporal bycatch dynamics over an annual
fisheries cycle and provide insights into the sustainable management of this important
natural resource. The aspects considered in this study were the bycatch to target species
density, biomass sand market value, seasonal variations in densities of bycatch species,
correlations to regional vulnerability status of bycatch species and the effect of soak time on
bycatch. The results of this study are discussed in relation to the viability of SSFs with the
aim to provide insights into the sustainable management of an important resource within
an area of limited potential for economic diversification for fishers.
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2. Materials and Methods
2.1. Definitions

To reflect upon the difference between the part retained and the part discarded, we
used the FAO definition of bycatch: incidental catch + discards (i.e., incidental catch is
defined as the catch retained and the remaining catch discarded for whatever reason) [30].

2.2. Sampling

A total of 150 commercial circular shrimp traps (FPO) were deployed monthly at each
of the five selected locations (i.e., 1: Halki; 2: Symi; 3: Tilos; 4: Nisyros; 5: Karpathos) in the
southeastern Aegean Sea during an annual cycle (11 months between November 2014 to
October 2015; Figure 1). Due to the rough weather conditions, sampling in February was
not possible. The total monthly and annual effort was 750 and 8250 traps, respectively. Part
of the study was performed under the framework of the “Plesionika Manage” project aimed
at studying aspects of spatial and temporal distribution [23], diet [28], reproduction [29],
selectivity of gear [24], fishery [22] and management scenarios [31] for P. narval as well as
inferring the status of the soldier striped shrimp, Plesionika edwardsii [26]. The locations
and depths studied were randomly selected after personal interviews with all active
commercial fishermen and logbooks provided by the fishery department of the South
Aegean District Prefecture in Greece [22,23].

Figure 1. Study area and locations of the samplings in the southeastern Aegean Sea (i.e., 1: Halki;
2: Symi; 3: Tilos; 4: Nisyros; 5: Karpathos). Marked in dark grey is the effective fishing area presented.

The SSF fleet consisted of 42 vessels with lengths from 4.5 to 14 m, usually operated by
1 to 2 fishermen [22]. Fishing is undertaken by means of bottom shrimp traps at depths from
5 to 300 m. Two replicate lines with 25 traps were deployed at each of three depth strata
(10–30, 70–90 and 150–170 m) and at each location. Traps were covered with a polyamide-
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based net with a mesh size of 12 mm (knot to knot) and with an upper trap opening of
13 cm (Figure 2). Targeted shrimps were attracted to the traps with bait consisting of a
mixture of oily fish (e.g., Sardina pilchardus and Scomber scomber) and stabilized with flour
and water. The total length of the line was adjusted to the fishing depth and 25 traps were
attached to the ground line with a distance of 35 m between the traps along the bottom,
following common fishery practice in the studied area. Each trap was attached to the
ground line with another 2 m side rope. Equidistantly, floats were placed to hinder the
line/rope from entangling, while weights were used to keep the traps close to the bottom
(see Kalogirou et al. [24] for further details of fishing practice). The fishing survey was
overnight (20.00–07.00 h). After a soak time of 12 h, the traps were lifted, and all bycatch
species were sorted into incidental catch and discards. The bycatch was counted (i.e.,
number of specimens), weighted (i.e., g wet weight) without information on the depth due
to the rapid sorting during hauling (<1 min per trap) and kept on ice until transported to
the lab for further identification and measurements.

Figure 2. Commercial shrimp traps covered with polyamide-based nets of a mesh size of 12 mm
(knot to knot) with an upper trap opening of 13 cm.

2.3. Revenues and Economic Value of Catch and Bycatch

For the targeted narwal shrimp, P. narval, and the incidentally caught soldier striped
shrimp, Plesionika edwardsii, the cephalothorax was removed and discarded, while the
abdomen and tail were retained, packed into 1 kg plastic bags and stored in a freezer until
landed. To reveal the marketed wet weight of these two species, the abdomen/tail wet
weight ratio (ARWW, in g) was calculated monthly from a random subsample of 150 uncut
individuals:

ARWW =
WWc
WWa

(1)
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where ARWW is the abdomen wet weight ratio; WWc is the wet weight of the carapace;
WWa is the wet weight of the abdomen. All weights were calculated irrespective of sex
and/or presence of eggs.

Revenues deriving from incidental catch were monthly calculated as:

Revenues = sum(A ∗ B) (2)

where A is the regional market price for each species (EUR/kg), and B is each species
biomass (g) (Supplementary Materials Table S1).

For the targeted species and because market prices vary among seasons and quantities
sold, the ARWW was multiplied by the average market price of 25 EUR/kg.

2.4. Data Analysis

The main quantitative variables considered were species diversity (i.e., number of
species), density (i.e., number of individuals) and biomass (in g). All parameters accounted
for an effort of 150 traps, i.e., location level. Seasonality was classified as winter: January to
March; spring: April to June; summer: July to September; autumn: October to December
following CTD measurements (conductivity, temperature, depth; SeaBat sensor 7125) [23].

Species were grouped into four major Phyla (Chordata, Arthropoda, Echinodermata
and Mollusca) and further categorized into six regional vulnerability categories based on
classification by IUCN [32]: LC, least concern; EN, endangered; NT, near threatened; VU,
vulnerable; DD, data deficient; NE, not evaluated. None of the species recorded were
classified as CR, critically endangered.

To reveal the effect of season (fixed factor, 4 levels) and location (random factor,
5 levels) on the number of species, biomass and density for each of the catch part (i.e., target
species, incidental catch and discards) and taxonomic level (i.e., Chordata, Echinodermata,
Arthropoda and Mollusca), we used linear mixed-effects models (LMMs) based on the
restricted maximum likelihood method (RELM) [33].

The same approach as LMMs was also used to reveal the effect of season and location
for the:

1. Contribution of incidental catch biomass, expressed as the ratio of incidental catch to
target species;

2. Revenues from incidental catch.

2.5. Assemblage Structure

To reveal the effect of season on the assemblage structure of incidental catches and
discards, a multivariate one-way PERMANOVA was used based on species densities and
biomass [34]. In addition, the densities of incidentally caught and discarded species were
pooled into groups of species according to IUCN vulnerability status.

To reveal the effect of season on vulnerability status of incidentally caught and dis-
carded species, we used a matrix (i.e., pooled density within a vulnerability grouping of
species by location) in a multivariate one-way PERMANOVA. When less than 150 per-
mutations were available, p value was obtained by Monte Carlo simulations for all PER-
MANOVAs [34]. For graphical representation of the multivariate analysis, a principal
coordinate analysis (PCoA) was employed. To reduce the effect of the most dominant
species in density and biomass, a fourth root transformation of the Bray–Curtis similarity
matrix was applied.

A Spearman’s rank order correlation was used to reveal the relationship between
species densities and biomass and with the resulting multivariate patterns as depicted
in the PCoA. Species that exhibited correlation values greater than 0.6 were added to the
PCoA plot as vectors. To reveal significant relationships between targeted, incidentally
caught, and discarded species, the Spearman’s rank order correlation was employed for
both density and biomass.
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Univariate and multivariate analyses were performed using the PRIMER-E v6 [35],
PERMANOVA + [34] and complemented with the SPSS software.

2.6. Haul Time

To reveal the effect of soak time on bycatch, a supplementary monthly sampling with
identical effort was performed at two locations off Karpathos Island during the main period
of fisheries interest (1 May to 31 August) at which traps were hauled before 07:00 am. A
t-test was used to reveal the differences in the densities of incidental caught and discarded
individuals between soak hours (before and after 07:00 am).

3. Results
3.1. Catch and Revenues of Incidental Catch

The mean ARWW was 0.62 for the targeted narwal shrimp and 0.67 for the soldier
striped shrimp. This indicates a similar retained weight per individual for both species,
after the carapace was removed.

The total catch in the fishery survey was 1.61 tons, distributed among the target
decapod species with 999 kg (commercial value of EUR 14,252), incidental catch at 480 kg
(commercial value of EUR 4737) and discards with 133 kg. Incidental catch biomass
included teleosts (68%), mollusks (17%) and crustaceans (15%). The congeneric incidentally
caught species, P. edwardsii, amounted to 70 kg of the total catch, with a commercial value
of EUR 703.50. Species that were caught in the fishery and discarded were represented by
crustaceans, echinoderms and teleosts and had no commercial value (Tables 1 and 2). The
mean revenue from the incidental ranged from EUR 4.70 to 145.00 per effort (mean: EUR
55.50). The revenue from incidental catches varied significantly among seasons with lower
values during winter (mean EUR 50.83 ± 39.89 SD) and the greatest during spring (EUR
79.42 ± 29.34 SD).

Table 1. Landings (kg) and value (EUR) of total catch (i.e., target species, incidental catch and
discards) for a total effort of 8250 traps during an annual cycle in the small-scale shrimp-trap fishery
of the southeastern Aegean Sea (eastern Mediterranean Sea).

Landings (kg) Value (EUR)

Target Species
Plesionika narval 999.47 14,252
Incidental catch 479.98 4737.50
Chordata 326.18 3424
Mollusca 82.80 580
Arthropoda 71.00 733.5
Plesionika edwardsii 70.15 701.50
Total Catch and Value 1612.80 18,989.5
Discards 133.35

Fish 105.27
Crustacea 25.24
Echinodermata 2.84

Table 2. Species list of incidental catch (i) and discards (d) in the number of individuals and total
biomass (kg; in brackets) for each of the sampling locations (i.e., Karpathos, Nisyros, Symi, Tilos and
Halki) during an annual cycle from 2014 to 2015.

Taxonomic Classification IUCN Karpathos Nisyros Symi Tilos Halki

Arthropoda 4294 (25.81) 2974 (17.36) 2541 (16.01) 3375 (19.04) 1520 (9.50)
Malacostraca
Dardanus arrosor d NE 32 (0.48) 18 (0.14) 51 (0.63) 41 (0.22) 13 (0.14)
Dardanus calidus d NE 73 (1.04) 42 (0.55) 18 (0.13) 36 (0.38) 6 (0.04)
Galathea strigose d NE 2 (0.03) - - - -
Gonioinfradens paucidentatus d NE 1 (0.02) 11 (0.15) 2 (0.03) 2 (0.08) -
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Table 2. Cont.

Taxonomic Classification IUCN Karpathos Nisyros Symi Tilos Halki
Homola barbata d NE 298 (1.90) 232 (1.31) 347 (2.29) 540 (3.40) 139 (1.04)
Macropodia rostrata d NE 38 (0.14) 41 (0.10) 77 (0.22) 77 (0.22) 48 (0.11)
Maja crispate d NE 1 (0.05) 1 (0.05) - - -
Maja squinado d NE - - 1 (0.11) - 1 (0.11)
Munida curvimana d NE 4 (0.02) 4 (0.02) 9 (0.05) 13 (0.07) 1 (<0.01)
Necora puber d NE 36 (0.35) 36 (0.31) 14 (0.18) 12 (0.13) -
Palinurus elephas i VU - - 1 (1.00) - -
Paractaea monodi d NE 1 (0.19) - - - -
Paragalene longicrura d NE 2 (0.05) 1 (0.04) 1 (0.05) - -
Plesionika edwardsii i NE 3806 (21.54) 2588 (14.69) 2020 (11.31) 2555 (14.54) 1411 (8.05)
Scyllarides latus i DD - - 1 (0.01) - -
Chordata 907 (53.40) 648 (45.25) 1082 (46.02) 911 (47.35) 606 (32.49)
Actinopterygii (Fish)
Anthias anthias d LC 12 (0.35) 4 (0.10) 40 (1.03) 10 (0.25) 35 (0.77)
Apogon imberbis d LC - - - - 3 (0.10)
Balistes capriscus d VU - - 4 (0.20) - -
Chromis chromis d LC 10 (0.19) 1 (0.02) 6 (0.25) - -
Conger conger i LC 3 (2.10) 4 (2.60) 2 (1.30) - 2 (1.70)
Coris julis d LC 487 (5.26) 326 (3.53) 624 (6.46) 563 (5.95) 304 (3.60)
Diplodus annularis i LC - 1 (0.30) 1 (0.30) 1 (0.18) -
Diplodus puntazzo i LC - 1 (0.14) - - -
Diplodus sargus sargus i LC - - - 2 (0.35) -
Diplodus vulgaris i LC 1 (0.30) 2 (0.70) 2 (0.60) - -
Epinephelus aeneus i NT - - - 1 (1.20) -
Epinephelus marginatus i VU - - 1 (0.50) - 2 (0.80)
Labrus viridis i VU - - - 1 (0.80) -
Muraena Helena d LC 8 (4.32) 10 (8.80) 4 (3.05) 3 (2.10) 9 (5.08)
Pagellus acarne i LC - 1 (0.10) 5 (0.55) - -
Pagrus pagrus i LC 15 (3.30) 21 (4.60) 24 (7.00) 22 (4.85) 8 (2.01)
Phycis phycis i LC 53 (24.75) 30 (14.83) 18 (9.00) 46 (21.01) 19 (9.62)
Pteragogus pelycus d LC - 1 (0.08) 1 (0.08) - -
Sargocentron rubrum d LC - - 1 (0.04) - 1 (0.15)
Scorpaena notata i LC 1 (0.05) 2 (0.18) 3 (0.50) 1 (0.05) -
Scorpaena scrofa i LC 2 (0.60) - 1 (0.04) - -
Serranus cabrilla i LC 298 (10.45) 194 (6.70) 291 (11.28) 249 (8.94) 204 (7.59)
Serranus hepatus i LC 9 (0.65) 6 (0.20) 12 (0.45) 3 (0.10) 3 (0.45)
Serranus scriba i LC 6 (0.26) 38 (1.51) 34 (1.40) 5 (0.20) 10 (0.26)
Siganus luridus i NE - - 2 (0.18) - -
Siganus rivulatus i LC - - 1 (0.01) - -
Sparisoma cretense i LC - - 2 (0.80) 1 (0.60) 3 (0.45)
Sparus aurata i LC - 2 (0.49) - - -
Spondyliosoma cantharus i LC 1 (0.74) 1 (0.08) 1 (0.40) 2 (0.70) -
Stephanolepis diaspros d NE - 2 (0.23) - - -
Symphodus mediterraneus d LC - 1 (0.70) 1 (0.70) - -
Thalassoma pavo d LC 1 (0.08) - - 1 (0.06) 2 (0.30)
Xyricthys novacula d LC - - 1 (0.08) - -
Echinodermata 27 (0.31) 46 (0.32) 15 (0.11) 37 (0.27) 5 (0.05)
Asteroidea
Echinaster sepositus d NE 3 (0.02) 4 (0.03) - 1 (<0.01) -
Hacelia attenuate d NE 1 (0.03) 1 (0.03) - - -
Peltaster placenta d NE - - 2 (0.03) 2 (0.02) -
Echinoidea
Cidaris cidaris d NE 1 (0.01) 1 (0.01) - - -
Stylocidaris affinis d NE 22 (0.24) 40 (0.24) 13 (0.08) 34 (0.25) 5 (0.05)
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Table 2. Cont.

Taxonomic Classification IUCN Karpathos Nisyros Symi Tilos Halki

Mollusca 10 (7.49) 13 (9.70) 16 (11.10) 8 (3.85) 10 (9.30)
Cephalopoda
Eledone cirrhosa i NE - - 1 (0.02) - 2 (1.55)
Octopus vulgaris i NE 10 (7.49) 13 (9.70) 15 (10.96) 8 (3.75) 8 (7.85)

Species were further divided into five IUCN regional vulnerability statuses with coloration (LC: least concern; NT:
near threatened; VU: vulnerable; DD: data deficient; NE: not evaluated) [32].

3.2. Variation in the Species Diversity of the Bycatch

In total, 55 species were caught in this SSF, 26 of which were classified as incidental
catch and 29 as discards. Among the fish, 22 species were incidental and 12 discarded. The
dominant incidentally caught fish species were Phycis phycis, Serranus cabrilla, Serranus scriba,
Pagrus pagrus, Muraena helena and Conger conger, contributing to 83% to the total fish
biomass (Table 2). The only species within Mollusca that was fresquently present and
that contributed considerably to the total incidental catch biomass was Octopus vulgaris
(Table 2). The dominant species among Crustacea were the decapod crabs, Homola barbata,
and Macropodia rostrata and the anomurans Dardanus arrosor and Dardanus callidus that
occurred at all locations (Table 2). All crustacean species, except the congeneric P. edwardsii,
Palinurus elephas and Scyllarides latus, were discarded due to the lack of commercial value
(Table 2). Similarly, all Echinodermata were discarded and had a low contribution (<1‰)
to the total catch biomass (Table 2). Within Echinodermata, Stylocidaris affinis was the
most dominant species, and none of the brachyurans was of economic interest (Table 2).
The number of incidentally caught and discarded species varied significantly among the
seasons with a significantly lower number of species during winter (Figure 3c; Table 3;
Appendix A, Table A1).

Figure 3. Seasonal variation expressed as the mean ± standard deviation in (a) biomass, (b) density,
and the (c) number of targeted species, bycatch and discards. Seasonal variations represented as the
mean ± standard deviation in (d) biomass, (e), density and (f) number of species for the four major
Phyla (i.e., Arthropoda, Chordata, Echinodermata and Mollusca).
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Table 3. Summary of the linear mixed model effects in the number of species, with season (fixed
factor) and location (random factor) as predictors.

Fixed Random

Number of Species Season Location Pairwise Comparisons of Fixed
Effect Levels

Bycatch Incidental catch + - A vs. S; A vs. W; Sp. vs. W; S vs. W
Discards + -

Phyla

Chordata (fish) + - A vs. S; A vs. S; A vs. W; Sp. vs. A;
Sp. vs. W; S vs. W

Echinodermata + - A vs. W; Sp. vs. S; Sp. vs. W; S vs. W
Arthropoda - -
Mollusca - -

Only statistically pairwise differences among the fixed factor levels based on estimated marginal means and least
significant difference (LSD) (A: autumn; W: winter; Sp.: spring; S: summer) are shown (+ indicates significant
effects of the predictors; - indicates non-significant effects).

A significant seasonal within-Phylum difference in the number of species was found
for Chordata and Echinodermata, with a higher number of species during spring and
summer for Chordata and during winter for Echinodermata (Table 3; Figure 3f; Appendix A,
Table A1).

3.3. Variation in the Density and Biomass of Bycatch

The density of incidental catches and discards varied significantly among the seasons,
with incidental catches posing significantly higher values during the main fishery period
(i.e., spring and summer) than in winter (Table 4; Appendix A, Table A2; Figure 3b). Target
species densities ranged from 1014 to 23,741 individuals per sampling day and presented
a statistically significant seasonal variation (Table 4; Appendix A, Table A2). Pairwise
comparisons revealed significantly higher densities of the target species during spring
(pairwise tests, p < 0.05) compared to all other seasons. The density of discarded species
was significantly lower during winter compared to all other seasons (Figure 3b; Table 4).

Table 4. Summary of the linear mixed model effects based on the species’ densities per category, with
season (fixed factor) and location (random factor) as predictors.

Fixed Random

Density Season Location Pairwise Comparisons of Fixed Effect Levels

Incidental catch + - A vs. W; Sp. vs. W; S vs. W
Discards + - W vs. all other seasons
P. narval + - Sp. vs. A; Sp. vs. S; Sp. vs. W
Chordata (Fish) + - A vs. Sp.; A vs. S; Sp. vs. A; Sp. vs. W; S vs. W
Echinodermata + - W vs. all other seasons
Arthropoda - -
Mollusca - -

Only statistically (p < 0.01) pairwise differences among the fixed factor levels based on estimated marginal means
and least significant difference (LSD) (A: autumn; W: winter; Sp.: spring: S: summer) are shown (+ indicates
significant effects of the predictors; - indicates non-significant effects).

The highest total densities were found for Arthropoda (14,704 individuals) followed
by fish species (4154 individuals), Mollusca (57 individuals) and Echinodermata (130 in-
dividuals) (Table 2). The densities of fish and echinoderms varied significantly among
the seasons (Table 4). Fish species presented significantly higher densities during spring
and summer, while echinoderms displayed higher densities during winter (pairwise tests,
p < 0.05) (Figure 3e, Table 4).

Target species biomass varied significantly between seasons ranging between 3.04 and
51.28 kg, with the greatest values observed during spring (pairwise comparisons, p < 0.05)
Table 5; Figure 3a; Appendix A, Table A3). Similarly, the biomass of incidental catches



Diversity 2022, 14, 292 10 of 22

varied significantly seasonally with lower values during winter (pairwise comparisons,
p < 0.05) (Figure 3a; Table 5; Appendix A, Table A3). In contrast, the biomass of discards
did not vary significantly seasonally (Figure 3a; Table 5; Appendix A, Table A3).

Table 5. Summary of Linear Mixed Model Effects for species biomass with season (fixed factor) and
location (random factor) as predictors.

Fixed Random

Biomass Season Location Pairwise Comparisons of Fixed Effect Levels

Incidental catch + - W vs. A; W vs. Sp.; W vs. S
Discards - -
P. narval + - A vs. Sp.; A vs. S; Sp. vs. S; Sp. vs. W; S vs. A
Chordata (fish) + - Sp. vs. A; Sp. vs. W; Sp. vs. S; W vs. S
Echinodermata + - W vs. A; W vs. Sp.; W vs. S
Arthropoda + - Sp. vs. A; Sp. vs. S; Sp. vs. W
Mollusca - -

Only statistically pairwise differences among the fixed factor levels based on estimated marginal means and least
significant difference (LSD) (A: autumn, W: winter, Sp.: spring, S: summer) are shown (+ indicates significant
effects of the predictors; - indicates non-significant effects).

Among the Phyla, Chordata presented the greatest total biomass (224.91 kg), followed
by Arthropoda (87.72 kg), Mollusca (41.45 kg), and Echinodermata (1.06 kg; Table 2).
Significant seasonal variations in biomass were found for Chordata, Echinodermata and
Arthropoda (Table 5). The highest values for Chordata and Arthropoda were found during
spring and the lowest during winter (pairwise comparisons, p < 0.05), while Echinodermata
revealed the significantly greatest values during winter (pairwise comparisons, p < 0.05)
(Figure 3d; Table 5).

Bycatch biomass was significantly correlated to target species biomass (incidental
catch: rho = 0.38, p = 0.004; discards: rho = 0.41, p = 0.002), while at the Phyla-level, only the
biomass of Chordata and Arthropoda were correlated to target species biomass, rho = 0.55,
p = 0.001; rho = 0.92, p = 0.0001, respectively. Similarly, the densities of bycatch were
significantly correlated to target species densities (incidental catch: rho = 0.38, p = 0.003;
discards: rho = 0.34, p = 0.011) (Figure 3).

The mean ratio of bycatch to target species biomass did not vary significantly among
seasons (Table 6; Appendix A, Table A4). The mean ratio of 0.35 ± 0.34 SD (i.e., one-third)
was indicative throughout the year (ranging from 0.02 to 1.85) (Appendix A, Table A5).
Revenues were found to be significantly different among seasons with winter significantly
different from spring, summer, and autumn. A significant difference was also found
between spring and autumn (Table 6; Appendix A, Tables A4 and A5).

Table 6. Summary of Linear Mixed Model for the biomass ratio between incidental catch and target
species, and revenues from incidental catch, with season (fixed factor) and location (random factor)
as predictors.

Fixed Random

Variable Season Location Pair–wise comparisons of fixed effect levels

Biomass ratio of incidental catch to target species - -
Revenues + - Sp. vs. A.; Sp. vs. W.; W. vs. A.; W. vs. S.

Only statistically pairwise differences among the fixed factor levels based on estimated marginal means and least
significant difference (LSD) (A: autumn, W: winter, Sp.: spring, S: summer) are shown (+ indicates significant
effects of the predictors; - indicates non-significant effects).

3.4. Assemblage Structure of Incidental Catches and Discards

The assemblage structure of incidental catches and discards based on density and
biomass varied significantly between seasons (PERMANOVA and PCoA; Pseudo-F = 4.90,
df = 3 and p = 0.001 and Pseudo-F = 5.52, df = 3 and p = 0.001, respectively). Pairwise com-
parisons revealed significant differences between all pairs of seasons (p < 0.05) (Figure 4).
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Figure 4. Seasonal principal coordinate analysis (PCoA) plot of bycatch species based on density
(a) and biomass (b). Two axes explained 51.1% of the total variation in density and 49% for biomass.
Species with a Spearman rank order correlation higher than 0.6 are shown as the overlying vectors.

Densities of the Arthropoda species (i.e., Homola barbata, Dardanus calidus and Macrop-
odia rostrata) showed a strong positive relationship with PCo1, indicating an association
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with the winter season, whereas the fish species P. pagrus and Coris julis, Serranus cabrilla
and Anthias anthias exhibited a strong negative relationship with PCo1, signifying a strong
relationship with the spring and summer seasons. In terms of biomass, P. edwardsii, Conger
conger, Phycis phycis, P. pagrus and S. cabrilla presented the strongest relationships with
spring and summer, while Octopus vulgaris and Anthias anthias exhibited a pronounced
relationship with summer and autumn (Figure 4).

Target species biomass was correlated to bycatch biomass and discards biomass. A
similar pattern was also found for the correlation between target species and the two Phyla
of Chordata and Arthropoda (Figure 5).

Figure 5. Scatter plots depicting the relationship between target species’ biomass to the biomass of
(a) incidental catch, (b) discards, Chordata (c) and Arthropoda (d). The linear regression and 95%
confidence intervals are shown.

3.5. Vulnerability Status

In total, 55 species were considered either as incidental catch or discards: 22 species
were classified as not evaluated (NE: 4 as bycatch and 18 as discards), 27 of least concern
(LC: 17 as incidental catch and 10 as discards), 4 vulnerable (VU: 3 as bycatch and 1 as
discard), 1 data deficient (DD: as discard) and 1 as nearly threatened (NT: as bycatch)
(Table 2) [32]. The only endangered incidentally caught species, Epinephelus marginatus,
was present in very low quantities, i.e., three individuals (Table 3). In addition, the three
vulnerable species, P. elephans, Balistes capriscus and Labrus viridis, and the only nearly
threatened species, Epinephelus aeneus, were also observed in very low quantities, i.e., four,
one, one, and one, respectively (Table 2).

A significant seasonal effect was found in the assemblage structure of bycatch species
when classified in vulnerability status (Pseudo-F = 8.09, df = 3 and p = 0.001), resulting in
statistically dissimilar assemblages between all the compared seasons (pairwise compar-
isons; p < 0.05 in all cases) (Figure 6). Since the majority of species fell into two vulnerability
statuses, LC and NE, those were also the driving observed pattern as also revealed by
Spearman’s rank order correlation vectors (rho > 0.6).
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Figure 6. Principal coordinate analysis plot (PCoA) of bycatch and discards species assemblage by
season according to IUCN conservation status. The first two axes explained 94% of the total variation.
Conservation status categories with a Spearman rank order correlation higher than 0.6 are shown as
overlying vectors.

3.6. Haul Time

For all samplings, a later haul time resulted in higher densities of bycatch species. A
significant negative correlation was found for densities between both incidentally caught
and discarded species with haul time (t-test; df = 1 and p < 0.05; Figure 7) reaching a total
monthly reduction from 47 to 71% with earlier haul time (before 07.00 a.m.).

Figure 7. Number of individuals caught as incidental catch (IC) and discarded (D) before and after
07:00 a.m. during the main fishery period (1 May to 31 August).
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4. Discussion

This study provides novel information on the interaction between a small-scale shrimp
trap fishery and bycatch species from a remote area in the eastern Mediterranean Sea.
The results revealed a lower bycatch to target shrimp ratio compared to global estimates
from shrimp trawling [10], with no seasonality over the year. Incidentally caught species
contributed importantly to total biomass (30%), income (24%) and number of individuals,
while discarded species contributed with a lower fraction to total biomass (8%) but with a
high contribution to the number of individuals (80%). Among discards, fish comprised the
vast majority of incidental catch biomass with an important contribution to the number of
individuals but of low conservation concern. In addition, the majority of discarded Arthro-
poda, Echinodermata and Mollusca were mainly represented by species that still have not
been evaluated by IUCN, pointing towards an increased need for regional assessment of
species and use in fisheries management.

Seasonal variations, both in density and biomass of Arthropoda, were strongly related
to the winter season, pointing towards a strengthened measure to ban fisheries during win-
ter when accounting for sustaining revenues and reducing the total impact on discards [27].
This is in agreement with winter as a season where discarded species were proportionally
lower in terms of contribution to total bycatch and no commercial interest in fisheries
during this season. Densities of bycatch species were significantly reduced from 71% to 47%
with earlier haul time, thus providing an important aspect for complemented management
measures that minimize unwanted discards and increase biodiversity conservation. These
results may be of direct use to similar SSFs in the Mediterranean Sea and elsewhere when
accounting for spatiotemporal measures to manage similar fisheries [36–39].

Similar to the studied fishery, many coastal communities remain dependent on fish-
eries for their income [40,41]. The studied area of the Dodecanese archipelago in the
southeastern Aegean Sea consists of small islands and islets, the majority of which are
inhabited by small fishing communities (e.g., Symi, Chalki and Kastellorizo) with limited
potential for economic diversification. This is mainly attributed to irregular communication
with other more economically independent surrounding islands and the capital as well
as seasonality and dependence on tourism. The temporal dynamics of P. narval, mainly
dominant during late spring and summer [23], activates fishers during this period with a
significant effect on effort and revenues for this SSF [22]. The biomass and value of inciden-
tal catch for the SSF studied was low compared to incidental catches in other fishing gears
(e.g., trawls) but still considered a significant complementary income for these small-scale
coastal fishers.

The results of this study revealed similar discard ratios to other similar trap fisheries
in the Mediterranean [42] and lower than similar trap fisheries in the North Atlantic [37].
Quantitative information on other global small-scale fisheries is almost non-existent [10,43],
thus signifying the importance of such studies from SSFs. This is further reflected by the
recent GFCM initiative to map all small-scale fishery projects performed in the Mediter-
ranean area [44]. The results of this study revealed lower discards ratios (8%) than similar
trap fisheries in deeper waters (15%, depths from 100 to 500 m) of the southern Tyrrhenian
Sea [42]. The crustacean and echinoderm parts of the discards were assumed to have an
increased survival due to the significantly shorter sorting time (less than one minute per
trap) in the trap fishery compared to trawl fisheries (10 to 280 min) [45] and clyde fishing
boats (45 to 300 min) [46]. This implies a lower impact on biodiversity and function of
benthic communities. In addition, the low footprint and passive nature of traps were
supportive for the survival of discarded echinoderms and crabs.

Assessment of species vulnerability can be used as a proxy for the sustainable use
of marine resources taking into account biological and socioeconomic issues within the
framework of ecosystem-based management [47,48]. Temporal variations in bycatch species
density and biomass were strongly correlated to seasonal dynamics in target species,
possibly implying an attraction to either the targeted shrimps trapped and/or to other
bycatch and discarded species. This pattern was particularly evident for fish species during
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spring and summer with dietary studies confirming that the most dominant incidentally
caught species in the studied fishery (i.e., P. phycis, P. pagrus, S. cabrilla and C. conger) prey
upon the targeted narwal shrimp but also on several dominant discarded decapods, e.g.,
H. barbata and G. strigosa [49–52]. Similarly, the regularly observed, Octopus vulgaris, was
highly probably attracted also to the discarded decapods, as these constitute an important
part of their diet, e.g., M. squinado [53]. Both Arthropoda and Crustacea were strongly
related to target species biomass with several species, such as N. puber, M. rostrata, D. calidus
and H. barbata, revealing a strong association with the winter season. The winter season
showed a strong relationship with Echinodermata, among which S. affinis contributed most
to this seasonal pattern.

Trap fisheries are fairly selectively characterized as low footprint with minimal habitat
impacts that deliver catches of high quality compared to global trawl fisheries [39,43,54,55].
Safeguarding trap fisheries in the Mediterranean Sea, an area characterized by overexploita-
tion of most of its fisheries resources [14,56], could help reduce the use of less sustainable
fishing gears and practices by other SSFs in the area [14]. This fishery is still not considered
optimized due to the lack of justified studies on discarded species survivability at haulback.
The lack of seasonal variations in discarded species and moderate high-value incidental
catch not considered endangered together with a potential fishery during late spring and
summer, in line with fishers’ interest [31], would therefore account for a complementary in-
come retaining incidentally caught species not considered endangered, while a ban during
winter would reduce the total impact of bycatch. In addition, the constant bycatch-to-
shrimp ratio over season, with the majority of species not considered endangered, would
therefore account for safeguarding this SSF sustainability.

The results should be interpreted with caution considering the limitations of our
study due to the lack of evaluation of conservation status for the discarded species actively
involved in the formulation of the observed seasonal variation. A measure to only allow
nocturnal activity for this fishery will significantly reduce incidental catches of species,
allowing other diurnal SSFs to perform their activity (e.g., set netting). To further elucidate
the ecological footprint of this SSF on the ecosystem, complementary studies on discarded
species vulnerability and survivability/mortality caused by various fishing gears, food
availability and predator–prey relationships are recommended [57]. The findings of this
study could prove beneficial in developing adapted management plans for this fishery
and region by effectively retaining an important income, safeguarding small-scale fisheries
in accordance with the recent Malta MedFish4Ever declaration and FAO guidelines on
SSFs [57,58] while, at the same time, minimizing the overall effect on vulnerable species
and sustaining biodiversity.
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mdpi.com/article/10.3390/d14040292/s1, Table S1: Market price (€/kg) of commercially important
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Appendix A

Table A1. Linear Mixed Model effects regarding number of species with season (fixed factor) and
location (random factor) as predictors.

Number of incidentally caught species F p value Pair-wise LSD

Fixed effects Intercept 317.03 0.001
Season 12.98 0.001 A vs. S; A vs. W; Sp vs. W; S vs. W

Estimate SE Wald Z p value
Random effects Location 0.03 0.24 0.12 0.901

Number of Chordata species F p value Pair-wise LSD

Fixed effects Intercept 268.64 0.001
Season 15.49 0.001 A vs. S; A vs. W; Sp vs. W; S vs. W; Sp vs. A

Estimate SE Wald Z p value
Random effects Location 0.01 0.001 5.05 0.680

Number of Echinodermata species F p value Pair-wise LSD

Fixed effects Intercept 152.03 0.001
Season 8.90 0.001 A vs. W; Sp vs. S; Sp vs. W; S vs. W

Estimate SE Wald Z p value
Random effects Location 0.06 0.07 0.81 0.418

Number of Arthropoda species F p value Pair-wise LSD

Fixed effects Intercept 71.83 0.001
Season 1.71 0.178

Estimate SE Wald Z p value
Random effects Location 0.89 0.74 1.13 0.251

Number of Mollusca species F p value Pair-wise LSD

Fixed effects Intercept 57.28 0.001
Season 1.62 0.195

Estimate SE Wald Z p value
Random effects Location 0.30 0.06 5.05 0.344

Number of Discarded species F p value Pair-wise LSD

Fixed effects Intercept 140.15 0.001
Season 3.43 0.024

Estimate SE Wald Z p value
Random effects Location 1.14 1.08 1.05 0.290

Pair—wise comparisons among the fixed factor levels are based on estimated marginal means and least significant
difference (LSD) (A: autumn, W: winter, Sp: spring and S: summer). Only statistically significant pair-wise
differences at a p value < 0.05 are shown.

Table A2. Linear Mixed Model Effects results regarding species density with season (fixed factor)
and location (random factor) as predictors.

Density of incidental catches F p value Pair-wise LSD

Fixed effects Intercept 120.20 0.001
Season 7.18 0.001 AvsW;SpvsW;SvsW

Estimate SE Wald Z p value
Random effects Location 0.01 0 0.50 0.720

Density of discards F p value Pair-wise LSD

Fixed effects Intercept 49.79 0.002
Season 3.59 0.020 AvsSp

Estimate SE Wald Z p value
Random effects Location 617.39 573.08 1.07 0.284
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Table A2. Cont.

Density of targeted P. narval F p value Pair-wise LSD

Fixed effects Intercept 36.15 0.004
Season 14.55 0.001 SpvsA;SpvsS;SpvsW

Estimate SE Wald Z p value
Random effects Location 8157215 6287164 1.29 0.194

Density of Chordata F p value Pair-wise LSD

Fixed effects Intercept 10.26 0.033
Season 7.85 0.001 AvsSp;AvsS;SpvsA;SpvsW;SvsW

Estimate SE Wald Z p value
Random effects Location 15946.01 12425.47 1.28 0.199

Density of Echinodermata F p value Pair-wise LSD

Fixed effects Intercept 11.01 0.002
Season 6.63 0.001 All comparisons were statistically significant

Estimate SE Wald Z p value
Random effects Location 0.002 0 5.05 0.456

Density of Arthropoda F p value Pair-wise LSD

Fixed effects Intercept 16.531 0.015
Season 2.104 0.112

Estimate SE Wald Z p value
Random effects Location 3037.74 2890.31 1.05 0.293

Density of Mollusca F p value Pair-wise LSD

Fixed effects Intercept 4.20 0.106
Season 0.78 0.510

Estimate SE Wald Z p value
Random effects Location 75.020 294.52 0.255 0.799

Pairwise comparisons among the fixed factor levels are based on estimated marginal means and least significant
difference (LSD) (A: autumn, W: winter, Sp: spring, S: summer). Only statistically significant pair-wise differences
at a p value < 0.05 are shown.

Table A3. Linear Mixed Model Effects results regarding species biomass with season (fixed factor)
and location (random factor) as predictors.

Biomass of incidental catch F p value Pair-wise LSD

Fixed effects Intercept 103.83 0.0001
Season 4.36 0.008 WvsA; WvsSp; WvsS

Estimate SE Wald Z p value
Random effects Location 7054.81 1396.92 5.050 0.0001

Biomass of discards F p value Pair-wise LSD

Fixed effects Intercept 103.89 0.001
Season 2.189 0.101

Estimate SE Wald Z p value
Random effects Location 0.005 0.001 5.050 0.523

Biomass of Chordata F p value Pair-wise LSD

Fixed effects Intercept 61.61 0.001
Season 6.10 0.001 SpvsA;SpvsW;SpvsS;WvsS

Estimate SE Wald Z p value
Random effects Location 841589.48 1189576 0.707 0.479
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Table A3. Cont.

Biomass of Echinodermata F p value Pair-wise LSD

Fixed effects Intercept 10.54 0.002
Season 5.90 0.002 WvsA;WvsSp;WvsS

Estimate SE Wald Z p value
Random effects Location 4463.2 838.8 5.050 0.254

Biomass of Arthropoda F p value Pair-wise LSD

Fixed effects Intercept 43.07 0.003
Season 11.89 0.001 SpvsA;SpvsS;SpvsW

Estimate SE Wald Z p value
Random effects Location 258835.17 201202.1 1.286 0.198

Biomass of Mollusca F p value Pair-wise LSD

Fixed effects Intercept 31.14 0.001
Season 1.96 0.131

Estimate SE Wald Z p value
Random effects Location 1146.18 226.97 5.040 0.524

Biomass of targeted P. narval F p value Pair-wise LSD

Fixed effects Intercept 37.54 0.004
Season 17.01 0.001 AvsSp,AvsS;SpvsS;SpvsW;SvsA

Estimate SE Wald Z p value
Random effects Location 39079083 2992340 1.306 0.192

Pair—wise comparisons among the fixed factor levels are based on estimated marginal means and least significant
difference (LSD) (A: autumn, W: winter, Sp: spring, S: summer). Only statistically significant pair-wise differences
at a p value < 0.05 are shown.

Table A4. Linear Mixed Model Effects results regarding biomass ratio of bycatch to target species
and revenues of the catch with season (fixed factor) and location (random factor) as predictors.

Biomass ratio of bycatch to target
species F p value Pair-wise LSD

Fixed effects Intercept 54.74 0.001
Season 51.00 0.205

Estimate SE Wald Z p value
Random effects Location 0.11 0.02 5.04 0.351

Revenus F p value Pair-wise LSD

Fixed effects Intercept 149.03 0.001
Season 8.12 0.001 SpvsA;SpvsW; WvsA; WvsS

Estimate SE Wald Z p value
Random effects Location 9.79 69.52 0.14 0.888

Pair—wise comparisons among the fixed factor levels are based on estimated marginal means and least significant
difference (LSD) (A: autumn, W: winter, Sp: spring, S: summer). Only statistically significant pair-wise differences
at a p value < 0.05 are shown.

Table A5. Estimates of fixed effects (winter was omitted by the method as redundant variable).

Estimate SE p Value 95% CI

Number of incidentally caught species

Intercept 2.00 0.58 0.001 0.81, 3.18
Autumn 2.53 0.74 0.001 1.02, 4.03
Spring 4.33 0.74 0.001 2.82, 5.83
Summer 3.86 0.74 0.001 2.36, 5.37
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Table A5. Cont.

Estimate SE p Value 95% CI

Number of discarded species

Intercept 6.60 0.80 0.001 4.89, 8.30
Autumn −0.60 0.83 0.477 −2.28, 1.08
Spring 1.33 0.83 0.117 −0.34, 3.01
Summer −0.86 0.83 0.305 −2.54, 0.81

Number of Chordata species

Intercept 1.60 0.68 0.023 0.23, 0.96
Autumn 2.73 0.87 0.003 0.96, 4.49
Spring 5.60 0.87 0.001 3.83, 7.36
Summer 4.60 0.87 0.001 2.83, 6.36

Number of Echinodermata species

Intercept 2.70 0.25 0.001 2.18, 3.21
Autumn −1.16 0.28 0.001 −1.74, −0.58
Spring −0.83 0.28 0.001 −1.41, −0.25
Summer −1.43 0.28 0.001 −2.01, −0.85

Density of incidental catches

Intercept 8.10 6.24 0.200 −4.43, 20.63
Autumn 20.30 8.06 0.015 4.11, 36.48
Spring 34.30 8.06 0.001 18.11, 50.48
Summer 31.56 8.06 0.001 15.38, 47.74

Density of discards

Intercept 95.40 18.26 0.001 56.57, 134.22
Autumn −32.93 18.72 0.085 −70.59, 4.72
Spring 21.33 18.72 0.260 -16.32, 58.99
Summer −9.73 18.72 0.606 −47.39, 27.92

Density of targeted P. narval

Intercept 6440.30 1560.83 0.004 2791.92, 10088
Autumn −239.23 1158.14 0.837 −2569, 2090.65
Spring 5809.70 1158.14 0.001 3479.81, 8139.58
Summer 779.23 1158.14 0.504 −1550.65, 3109.11

Density of Chordata

Intercept 103.10 70.50 0.182 −59.87, 266.07
Autumn 5.43 54.49 0.921 −104.19, 115.06
Spring 205.30 54.49 0.001 95.66, 314.93
Summer 137.36 54.49 0.015 27.73, 246.99

Density of Echinodermata

Intercept 47.80 9.32 0.001 29.08, 66.51
Autumn −46.53 12.03 0.001 −70.70, −22.36
Spring −43.93 12.03 0.001 −68.10, −19.76
Summer −47.13 12.03 0.001 −71.30, −22.96

Density of Mollusca

Intercept 0.40 19.44 0.984 −38.88, 39.68
Autumn 24.60 24.60 0.323 −24.89, 74.09
Spring 13.29 24.60 0.592 −36.23, 62.76
Summer 35.33 24.60 0.158 −14.16, 84.83
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Table A5. Cont.

Estimate SE p Value 95% CI

Biomass of incidental catches

Intercept 1385.40 839.88 0.105 −300.75, 3071.54
Autumn 2871.40 1084.28 0.110 694.60, 5048.20
Spring 3862.20 1084.28 0.001 1685.39, 6039.00
Summer 2548.26 1084.28 0.023 371.46, 4725.06

Biomass of Discards

Intercept 1166.51 284.66 0.001 595.03, 1737.99
Autumn −206.48 367.49 0.577 −944.26, 531.29
Spring 588.96 367.49 0.115 −148.80, 1326.74
Summer −22.94 367.49 0.950 −760.71, 714.83

Biomass of Chordata

Intercept 2182.84 1036.41 0.044 64.00, 4301.67
Autumn 1779.89 1228.70 0.154 −691.94, 4251.73
Spring 5022.55 1228.70 0.001 2550.71, 7494.39
Summer 2724.02 1228.70 0.031 252.18, 5195.86

Biomass of Echinodermata

Intercept 325.42 66.80 0.001 191.40, 459.64
Autumn −317.09 86.24 0.001 −490.24, −143.94
Spring −287.46 86.24 0.002 −460.61, −114.31
Summer −321.82 86.24 0.001 −494.97, −148.67

Biomass of Arthropoda

Intercept 1266.52 282.73 0.002 611.45, 1921,59
Autumn −31.25 216.68 0.886 −467.15, 404.65
Spring 1006.07 216.68 0.001 570.17, 1441.98
Summer 229.19 216.68 0.296 −207.71, 665.10

Biomass of Mollusca

Intercept 395.00 338.55 0.249 −284.67, 1074.67
Autumn 965.12 437.07 0.320 −87.67, 1842.58
Spring 230.50 437.07 0.600 −646.95, 1107.95
Summer 496.84 437.07 0.261 −380.60, 1374.30

Biomass ratio of bycatch to targeted P.
narval

Intercept 0.22 0.10 0.041 0.09, 0.43
Autumn 0.27 0.13 0.054 −0.05; 0.54
Spring 0.06 0.13 0.656 −0.21; 0.33
Summer 0.13 0.13 0.315 −0.13; 0.41

Revenues

Intercept 20.62 9.46 0.035 1.51, 39.74
Autumn 30.21 12.08 0.016 5.88, 54.53
Spring 58.80 12.08 0.001 34.47, 83.12
Summer 39.33 12.25 0.002 14.66, 64.00
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