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Background. Atlantic horse mackerel, Trachurus trachurus (Linnaeus, 1758), is among bento-pelagic species
subject to discard within deep-water rose shrimp fisheries, and how such species would react to light wavelength
is therefore important, to be consistent with the Common Fishery Policy (CFP). Despite the existing literature
currently available, there is still paucity of relevant information about how artificial light wavelengths affects the
behaviour of 7. trachurus juveniles. In this context, the effects of different artificial light wavelengths on some
behavioural features of juvenile 7. trachurus were investigated.

Materials and methods. Maintained in a fish tank, the juveniles of Atlantic horse mackerel, after acclimatization,
were subject to six different light wavelengths, representing the following colours: white, violet, blue, green,
yellow, and red. Subsequently, behavioural features, specifically phototaxis (degree of attraction or repulsion
toward the light source) were tested.

Results. By phototaxis per light wavelength, the studied juvenile individuals produced statistical differences in the
presence frequency (P < 0.05) revealed by blue that noticeably attracted some, relative to the white light that repulsed
others. Yet, violet and red lights produced much less but no significant attraction of these juveniles (P > 0.05).
Conclusion. The presently reported study has provided additional information about ecological knowledge and
understanding specific to juvenile 7. trachurus individuals, which can further the development of (selective) light

fishing techniques, aimed at reducing unwanted catches of commercial pelagic fisheries.
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INTRODUCTION

In general, fish depend on vision as a source of sensory
information for living processes (Guthrie 1986). Further,
light is one of the ecological factors that affect organisms
at sea (McFarland 1986). Such factors as day, sea depths,
time, and weather conditions can influence the changes
in lighting conditions within the marine environment
(Forsgren et al. 2013). Fundamentally, such fish activities
as aggregating, breeding, feeding, moving, and resting can
be influenced by either light during the diel cycle (Helfman

1986) and/or factors like ambient light, orientation, and
visual capacity (Olla and Davies 1990). In addition,
reaction(s) emerging from both fish behaviour and rhythm
can be influenced by differences in stimuli from natural
and artificial lights (Matsumoto et al. 2010, Queirolo et al.
2012, Bryhn et al. 2014). Notably, the capability of light
to attract some fish during the night has been well reported
(Glass and Wardle 1989, Liao et al. 2007). It is such (above
mentioned) knowledge underscoring fish behaviour that
fishers have incorporated for centuries, with the primary

" Correspondence: G. Sardo, Istituto per le Risorse Biologiche ¢ le Biotecnologie Marine — Consiglio Nazionale delle Ricerche (IRBIM-CNR), Sede Secondaria, 91026
Mazara del Vallo, Italy, phone: +39 3403260780, e-mail: (GS) giacomo.sardo@irbim.cnr.it, (CORO) charlesokpala@gmail.com, (MLG) micheleluca.geraci2@unibo.it,
(FF) fabio.fiorentino@irbim.cnrit, (SV) sergio.vitale@cnr.it, ORCID: (GS) 0000-9 0001-7997-637X, (CORO) 0000-0003-4475-8887, (MLG) 0000-0002-3143-4659,

(FF) 0000-0002-6302-649X, (SV) 0000-0001-6063-4126.


mailto:giacomo.sardo%40irbim.cnr.it?subject=giacomo.sardo%40irbim.cnr.it
mailto:charlesokpala@gmail.com
mailto:micheleluca.geraci2%40unibo.it?subject=micheleluca.geraci2%40unibo.it
mailto:fabio.fiorentino@irbim.cnr.it
mailto:sergio.vitale@cnr.it
https://orcid.org/0000-9%200001-7997-637X
https://orcid.org/0000-0003-4475-8887
https://orcid.org/0000-0002-3143-4659
https://orcid.org/0000-0002-6302-649X
https://orcid.org/0000-0001-6063-4126

86

Sardo et al.

purpose of increasing their catch (Arimoto et al. 2010).
To further delineate how light-fish responds at different
wavelengths should be considered very essential, and such
(emergent) knowledge would add to existent information
about behavioural aspects of commercially pelagic fish
species—an example being horse mackerel (Ryer and Olla
2000, Marchesan et al. 2005, Hannah et al. 2015).

Among gregarious bentho-pelagic species, Atlantic
horse mackerel, Trachurus trachurus (Linnaeus, 1758),
abundant within the Mediterranean Sea and representing
the third taxon ranking by mean catch per year has
accounted for about 75 000 t within the period 2000-2013
(Anonymous 2016, Giordano et al. 2017). Indeed, juveniles
of this particular fish species are understood to represent
most (above 40%) of discards within deep-water rose
shrimp fisheries (Atar and Malal 2010, Milisenda et al.
2017). Owed to unselective fishing techniques as well as
excessive fishing efforts, bottom trawling continues to bring
about increases in discard levels within the Mediterranean
Sea (Veiga et al. 2016). In this context, discard would
depict a waste of natural resources that impacts negatively
the marine ecosystem, which provokes changes in the
overall structure of trophic webs—a risk to the current
fishery sustainability (Bellido et al. 2011, Veiga et al. 2016).
Besides, the European Commission has introduced the
obligation to land all catches for species with minimum
landing size (CFP-EU regulation 1380/2013) (Anonymous
2013), otherwise named “Landing Obligation” in the view
to tackle fishery discard challenges/issues (Damalas and
Vassilopoulou 2013, de Vos et al. 2016). It is well known
that through reforms of the Common Fisheries Policy
(CFP) (Anonymous 2019), there is action of gradual
elimination of wasteful practice of discarding through this
“Landing Obligation” via European Union (EU) discarding
and landing obligation framework, which has currently been
operating in phases across fisheries and species with several
discard plans. Further, other workers have understood that
despite the governance approach in reducing both bycatches
and discards—thanks to the selectivity of fishing gears,
to identify with solutions (to this challenge/problem) still
remain complex given the multispecies demersal fisheries
present in the Mediterrancan Sea (Bellido et al. 2011,
Damalas and Vassilopoulou 2013). However, researchers
will not stop to seek pathways to reduce the unwanted
catches, essentially for the fish juveniles (Milisenda et al.
2018).

Amidst the ample literature available about Atlantic
horse mackerel, there is still a paucity of relevant information
about how artificial light wavelengths affect the behaviour
of juveniles of this fish species. Indeed, further research into
how specific light wavelengths would either attract or repel
juveniles of Atlantic horse mackerel would be worthwhile.
Understanding the behavioural response of such juveniles
would help update the ecological knowledge about such
bento-pelagic fish species. Based on the aforementioned,
the specific objective of the presently reported study was to
determine the effects of different artificial light wavelengths
on some behavioural features of juvenile pelagic Atlantic
horse mackerel.

MATERIALS AND METHODS

Study overview. The schematic outlay of step-by-step
methodology applied in the presently reported study, from
collection of samples to behaviour analysis, is shown in
Fig. 1. Prior to carrying out the study, ethical approval
was obtained consistent with the procedures specified
by the Risorse Biologiche ¢ le Biotecnologie Marine —
Consiglio Nazionale delle Ricerche (IRBIM-CNR). All
the methodology applied herein was guided by standards
of previously published references (Marchesan et al. 2005,
Liao et al. 2007, Meager et al. 2010, Okpala et al. 2017).
Collection of juvenile fish individuals. Juveniles
of Trachurus trachurus were collected during one
experimental haul of International Bottom Trawl
Survey in the Mediterranean (MEDITS) (Bertrand et al.
2002) performed at 47 m depth, at the end of July 2016
within the Sicilian Channel (approximate coordinates
37°34.0'N, 012°34.5'E). A total of 13 individuals of
T trachurus were sampled, ranging from 11 to 15 cm
in total length (TL). After catch and using an aerated
container, juvenile fish individuals were immediately
transferred to the laboratory of the IRBIM—CNR the
same day of the catch.

Experimental tank. A diagrammatic representation of
the experimental tank showing the various key parts, from
the light projector to seawater, is shown in Fig. 2. The
Atlantic horse mackerel juvenile individuals were kept in
a rectangular fiberglass aquarium tank (Juwel Aquarium
GmbH, Rotenburg, Deutschland) of 400 L (length x width
xheight: 1.51 x0.51 x 0.66 m) filled with seawater, replaced
weekly with approximately 20% of its volume. Water
quality was maintained using a submersible Bioflow Filter
(Juwel Aquarium GmbH, Rotenburg, Deutschland) and an
internal Blueskimmer 550 (Ferplast Spa, Castelgomberto,
Italy). An inbuilt supercharger was used to oxygenate the
aquarium water. Temperatures of laboratory (~18°C) and
water (~20°C) sufficiently maintained via air conditioning
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Fig. 1. Schematic outlay of the methodological approach
applied in the presently reported study, from collection
of samples up to the test of behavioural responses
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(2.6 kW - 9000 BTU ' Split unit Ariagel, Monclick
S.r.L., Monza ¢ Brianza, Italy) were regularly assayed
using electronic thermometer (Diligence EV N2014,
Comark Instruments, Norwich, United Kingdom). Basic
water parameters of salinity and oxygen concentration
(salinity = 37%o", oxygen concentration = 8.19 ppm) were
determined using a multiparameter probe (Hydrolab HL4,
Corr-Tek Idrometria S.r.L., Verona, Italy).
Acclimatisation process. Acclimatization period has
always been deemed very useful particularly when fish
are brought into a new closed environment (Marchesan
et al. 2005, Okpala et al. 2017). Introducing the
acclimatisation period appears routinely observed in
other fish-related studies (Marchesan et al. 2005). Before
the start of the experiment, the fish juvenile individuals
were acclimatized (Okpala et al. 2017) for 20 days.
Specifically, this acclimatization process involved the use
of an isolated chamber with a photoperiod of both twelve
hours of light (from 0800 to 2000 h) and dark (from
2000 to 0800 h). Given that high feeding intensity of
Atlantic horse mackerel especially during early mornings
and night has been reported (Jardas et al. 2004), the fish
juvenile individuals were fed ad libitum twice per day (at
scheduled times) with crushed frozen shrimps (Okpala et
al. 2017). Importantly, no juvenile individuals died during
the entire acclimatization process.

Experimental procedure. At the end of acclimatization
process, six different light wavelength treatments were
applied to the fish juvenile individuals contained within
the experimental tank, namely: white (visible spectrum of
light given by the sum of all wavelengths), violet (peak
at approx. 410 nm), blue (peak at approx. 460 nm), green
(peak at approx. 525 nm), yellow (peak at approx. 580
nm), and red (peak at approx. 650 nm). Five replicates,
lasting three hours each, were carried out independently
per light wavelength. Therefore, the total amounted to 30

Fig. 2. Representation of the experimental tank. (a) light
projector; (b) light filters; (c) barrier of Plexiglas;
(d) basal square-like openings; (e) water filters; (f)
aquarium tank; (g) video camera; (h) supercharger; and
(1) seawater (blue shade)

replicates within the 30-day period, which involved both
evening and night(s) hours (between 2000 and 2400 h).
Specifically, the experiment was conducted at evening
and night hours so as to reduce the luminous interference
of background light levels outside the tank, as well as to
isolate the light source.

The emission of light beam provided by SEF Slim
illuminator (Beghelli S.p.A, Monteveglio-Bologna, Italy)
equipped with a 30 W LED lamp was located above the
left half side of the tank (length % width = 0.75 x 0.51
cm). There were LEE filters (Rossini Musica e Luci S.r.L.,
Cagliari, Italy) and monochrome gelatine sheets in front
of LED lamp, respectively. To design two different (light
and dark) illumination zones, a black plexiglass barrier
has been provided. In addition, to ensure passage for
the fish juvenile individuals (between the two different
illumination zones), three basal square-like openings were
created at the lower part of the black plexiglass barrier
(Fig. 2).

Each light treatment lasted for thirty minutes, measured
using a stop timer. This time period was also set to allow
for the habituation of the juvenile Atlantic horse mackerel
individuals, resembling that reported by Marchesan et
al. (2005). The recordings of treatments were performed
during the first 20 min of exposure to each wavelength
level using a GoPro Hero4 Black video camera (GoPro
GmbH, Miinchen, Deutschland). The total recordings of
entire wavelength treatments summed up to 600 minutes.
To quantify the observed data, all images/videos were
analysed with the help of Image J software (version 1.501,
Wayne Rasband, National Institutes of Health, USA).
Behavioural data collection. The behavioural response
in terms of positive (attraction) and negative (repulsion)
phototaxis of juvenile Atlantic horse mackerel individuals
was measured by the frequency of presence recorded in
percentage (%), resembling the method reported by Hunter
(1966). The observation period has been divided into three
main phases: ‘Early’ (1-5 min), ‘Middle’ (6—15 min), ‘Late’
(16-20 min), consistent with that reported in Okpala et
al. (2017). Recordings were observed at 2x speed with a
temporal sequence of 30 frames, randomly chosen within 1
min intervals throughout the session. The fish were counted
when observed within the light zone during the temporal
sequence chosen for the analysis. To differentiate between
‘attraction’ and ‘repulsion,’ the juvenile individuals found
within the light zone were considered as ‘attracted,” whereas
those that would pass through the three basal square-like
openings in order to seek shelter within the dark zone were
considered as ‘repulsed.’

Statistical analysis. The emergent data were subject to
Shapiro-Wilk normality as well as Bartlett variance tests,
which resulted in a non-parametric (P < 0.05) outcome.
Thus, all emergent data were processed using non-parametric
statistics. Specifically, Friedman post-hoc test (Zimmerman
and Zumbo 1993) was performed to determine the overall
differences in presence of juvenile individuals across
light wavelength treatments. In addition, the Conover test

" In the wake of the growing criticism of the Practical Salinity Scale concept (and especially “PSU” as a “unit”), Acta Ichthyologica et Piscatoria is in favour of expressing
salinity in parts per thousand (%o), regardless if a direct or indirect method was employed to determine the water salinity.
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(Babulak et al. 1986) was performed to establish differences
in presence of juvenile individuals between light wavelength
treatments. Probability level P < 0.05 was considered as
statistically significant. The analysis was conducted in the R
Statistical Environment (RStudio software, version 0.99.903
for Windows, Boston, MA, USA).

RESULTS

Mean number (rounded to the nearest integer) recorded
of juvenile Atlantic horse mackerel, Trachurus trachurus,
individuals per replicate of different light treatments
within the light zone, is shown in Table 1. Only about 4/5
individuals appeared present during the white treatments
whereas others can be considered to seek shelter in the
dark zone. At the 2nd and 5th replicates however, the
blue spectrum appeared to concentrate more fish within
the light zone depicted by 9 and 8 juvenile individuals,
respectively. Fluctuating trends of repulsion seemed
apparent at the green and yellow lights, but less marked
than the white spectrum. On the other hand, the juvenile
individuals seem neither attracted nor repulsed to both
red and violet spectra, respectively. Further quantification
of these (current) data has helped to identify with the
frequency of presence of juvenile individuals recorded in
percentage (%) trending within the light zone (Fig. 3, 4A
and 4B).

Table 1
Mean number (rounded to the nearest integer) recorded
of juvenile Atlantic horse mackerel, Trachurus trachurus,
individuals per replicate of different light treatments
within the light zone

Wavelength Colour Rep.1 Rep.2 Rep.3 Rep.4 Rep.5
[nm]
400-700 White 5 5 4 4 5
400450 Violet 4 6 5 9 6
450-490 Blue 6 9 7 6 8
520-560 Green 7 6 6 3 5
560-590  Yellow 4 5 6 6 4
635-700 Red 4 7 7 5 5

e
==

Frequency [%]

=

T T T T T T
400-700 (White) ~ 400-450 (Violet) ~ 450-490 (Blue) ~ 520-560 (Green)  560-590 (Yellow) 635-700 (Red)

Wavelength [nm]

Fig. 3. Presence frequency of Atlantic horse mackerel,
Trachurus trachurus, at different light wavelengths;
400-700 nm (white), 400450 nm (violet), 450—-490
nm (blue), 520-560 (green), 560-590 nm (yellow) and
635-700 nm (red)

Overall, the number of individuals appeared statistically
different according to the various wavelengths applied (Friedman
test: P < 0.05) (Fig. 3). In particular, white and blue spectra
were statistically different (Conover test: P < 0.05) compared
with other light treatments (Figs. 4A, 4B). Further, repulsion
of individuals seemed particularly apparent with the white
wavelength treatment (Conover test: P < 0.05), characterized by
decreasing presence at both early and late observation phases
(Figs. 3, 4A). Moreover, the yellow and green wavelengths
exhibited rather a similar repulsion effect between them
(Conover test: P> 0.05) but their effect looks weaker compared
to the white wavelengths especially in the early, mid and late
observation phases, respectively. Specifically, the attraction of
Atlantic horse mackerel individuals seemed greater at the blue
wavelength (Figs. 3, 4A) (Conover test: P < 0.05). Nonetheless,
blue wavelength would produce rather stable attraction of these
juvenile individuals especially at early and middle observation
phases (Fig. 4A). This would be followed by an apparent decrease
in presence at the late observation phase and subsequently, a
sudden increase within the remaining minutes of observation
(Fig. 4A). In addition, the red and violet wavelengths (Figs. 3,
4B) would produce less, but not statistically significant attraction
(Conover test: P> 0.05).

DISCUSSION

The Mediterrancan Sea has been among the clearest
marine bodies of water with light spectrum tending towards
either blue or green (Dartnall 1975, Jerlov 1976) having
between photopic and scotopic vision thresholds emerging
from depths of 150 m (Clarke and Denton 1962). Besides,
Atlantic horse mackerel is among the typical fish species
affected by light/vision spectrum (Ben-Yami 1976, Pavlov
and Kasumyan 2000, Abaunza et al. 2003) that would form
large shoals near sea bottoms during the day and disperse at
night (Barange et al. 2005, Vaz Velho et al. 2010). Mostly,
such large shoals can occur on muddy bottoms at depths
between 100 and 500 m, especially the juveniles that largely
concentrate at such bottom depths (Smith-Vaniz et al. 2015).

Positive phototaxis toward blue wavelength observed
in the presently reported study would suggest a possible
adaptation of visual pigments to a scotopic vision (dim
light condition). Visual sensitivity would depend on rod
photoreceptors (rthodopsin) that capture photons within the
blue spectrum (470490 nm) (Bowmaker 1990, Fernald
1990). In addition, the sensitivity of fish toward the blue
spectrum can corroborate with lights of marine plankton
emitting bioluminescence, the latter depicting a response
to the movement (Hobson et al. 1981). And putting this
bioluminescence sensitivity in context of this current study,
such positive phototaxis of juvenile Atlantic horse mackerel
individuals would associate with its feed requirements,
understanding thatits dietis governed by planktonic organisms
like euphausiids, pelagic copepods, and fish populations
(especially those of very premature age) (Herrmann and
Enders 2000, Jardas et al. 2004). Negative phototaxis
observed in this current study, largely demonstrated by
juvenile Atlantic horse mackerel individuals hiding from the
white light but slightly from the green. Moreover, protective
measures explained by the impact of yellow light spectrum
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Fig. 4. Presence frequency of Atlantic horse mackerel, Trachurus trachurus, trending with respect to blue, white, and
violet (A) as well as green, yellow, and red (B) wavelengths

may well suggest this juvenile 7. trachurus to possess
some repulsive behaviour, potentially associated with
photosensitivity, additionally suggesting a strong adaptation
in terms of a specific habit. Besides, Atlantic horse mackerel
is believed to be a crepuscular predator during both dawn and
sunset (Helfman 1986). Potentially, this may well occur with
high feeding activity when dispersed in the water column.
Moreover, such feeding activity would occur minimally
during the day as fish aggregate in large shoals close to the
(sea) bottom (Pavlov and Kasumyan 2000, Jardas et al. 2004,
Okpala et al. 2017b).

Besides, positive phototaxis of juvenile of Atlantic
horse mackerel depicted by (some) emergent differences
in visual sensitivity and given by response of visual
pigments to light may well become apparent with
differences in environments, species as well as life stages
(Olla et al. 1997, Bayarri et al. 2002). As the certain light
wavelengths generally contribute to fish orientation during
diurnal activities, any emergent variations in this context
would likely influence both fish behaviour and rhythm
(Olla and Davies 1990). Thus, artificial illumination in
sea remains viable in facilitating the avoidance of juvenile
fish onto components of trawl whilst providing it some
additional time to effectively react when approaching
the net (Fréon et al. 1993). On the other hand, negative
phototaxis of juvenile of Atlantic horse mackerel toward
white light and slightly so for both green and yellow light
wavelengths may well look like the impact made when the
headrope of trawl net forms a light barrier, which could
eventually deter (any) fish to approach the net (Hannah et
al. 2015). In this context, artificial illumination could serve
as a promising candidate to increase the light contrast
between the trawl components (Kim and Wardle 1998,
Hannah et al. 2015). Amidst these (above mentioned)
considerations, the Atlantic horse mackerel still represents
a large part of discard especially for the deep-water rose
shrimp (Parapenaeus longirostris) fisheries (Atar and
Malal 2010, Milisenda et al. 2017) subject to the so-
called “Landing Obligation” by the EU reg. 1380/2013
(Anonymous 2013) with the specimens lower than the
Minimum Conservation Reference Size (e.g., 15 cm of
total length for Trachurus spp.).

Overall, the results of the presently reported study have
revealed blue and white light spectra as very promising in
influencing the presence of juvenile Atlantic horse mackerel
individuals particularly within the light zone. Consequently,
the use of artificial light device with such specific
wavelength(s) could play key role essentially to mitigate
the catch of such fish juveniles. Recent workers (Hannah et
al. 2015, Larsen et al. 2017, Melli et al. 2018) have shown
artificial lights as very capable of reducing bycatch during
commercial fisheries activities. In this context, it is very
pertinent that workers in this specialist endeavour continue to
improve their knowledge about behavioural responses of fish
species toward artificial light wavelengths. Such improved
knowledge can serve as an important step in promoting
a build-up of an effective, efficient and sustainable fishing
technology (Arimoto 2015). To supplement existing
information, future light application studies of fishery activity
should be directed to investigate the effects of different light
wavelengths on other economically important fishery species,
for example, either the deepwater rose shrimp (Parapenaeus
longirostris) and or other bycatch species.

COMPETING INTERESTS

Authors hereby declare that there are no competing
interests (neither financial nor non-financial) associated
with this current study.

ACKNOWLEDGEMENTS

Funding support from the MEDITS experimental
trawl survey (performed under the EU Fisheries Data
Collection) is thankfully appreciated. Thanks to Dotts.
Gioacchino Bono, Fabio Falsone, Danilo Scannella, and
Virginia Carrozzi for their logistical support.

REFERENCES

AbaunzaP., Gordo L., Karlou-Riga C.,MurtaA., Eltink
A.T.G.W., Garcia Santamaria M.T., Zimmermann
C., Hammer C., Lucio P., Iversen S.A., Molloy J.,
Gallo E. 2003. Growth and reproduction of horse
mackerel, Trachurus trachurus (Carangidae). Reviews
in Fish Biology and Fisheries 13 (1): 27-61. DOI:
10.1023/A:1026334532390


https://doi.org/10.1023/A:1026334532390

90

Sardo et al.

Anonymous 2013. Regulation (EU) No 1380/2013 of
the European Parliament and of the Council of 11
December 2013 on the Common Fisheries Policy,
amending Council Regulations (EC) No 1954/2003
and (EC) No 1224/2009 and repealing Council
Regulations (EC) No 2371/2002 and (EC) No
639/2004 and Council Decision 2004/585/EC. Official
Journal of the European Union L 354/22.

Anonymous 2016. The state of Mediterranean and Black
Sea fisheries. General Fisheries Commission for the
Mediterranean. FAO Rome.

Anonymous 2019. Regulation (EU) 2019/1241 of the
European Parliament and of the Council of 20 June
2019 on the conservation of fisheries resources and
the protection of marine ecosystems through technical
measures, amending Council Regulations (EC) No
1967/2006, (EC) No 1224/2009 and Regulations (EU)
No 1380/2013, (EU) 2016/1139, (EU) 2018/973,
(EU) 2019/472 and (EU) 2019/1022 of the European
Parliament and of the Council, and repealing Council
Regulations (EC) No 894/97, (EC) No 850/98, (EC)
No 2549/2000, (EC) No 254/2002, (EC) No 812/2004
and (EC) No 2187/2005. Official Journal of the
European Union L198/105.

Arimoto T. 2015. Fish behaviour and visual physiology
in capture process of light fishing. Pp. 45-46. In:
Anonymous (ed.) Report of the Symposium on Impacts
of Fishing on the Environment: ICES-FAO Working
Group on Fishing Technology and Fish Behaviour,
6-10 May 2013, Bangkok, Thailand, FAO Fisheries
and Aquaculture Report FIRO/R1072.

Arimoto T., Glass C.W., Zhang X. 2010. [Chapter 2]
Fish vision and its role in fish capture. Pp. 25-44. DOI:
10.1002/9780813810966.ch2 In: He P. (ed.) Behavior
of marine fishes: Capture processes and conservation
challenges. Wiley-Blackwell, Ames IA, USA.

Atar H.H., Malal S. 2010. Determination of bycatch and
discard catch rates on trawl fishing in Mersin-Anamur
fishing ground. Journal of Food, Agriculture and
Environment 8 (1): 348-352.

Babulak S.W., Rhein L.D., Scala D.D., Simion F.A.
1986. Quantitation of erythema in a soap chamber
test using the Minolta Chroma (Reflectance) Meter:
Comparison of instrumental results with visual
assignments. Journal of the Society of Cosmetic
Chemists 37: 475-479.

Barange M., Pillar S.C., Huse I., Hutchings L.
2005. Vertical migration, catchability and acoustic
assessment of semi-pelagic Cape horse mackerel
Trachurus trachurus capensis in the southern
Benguela. African Journal of Marine Science 27 (2):
459-469. DOI: 10.2989/18142320509504104

Bayarri M.J., Madrid J.A., Sanchez-Vazquez F.J. 2002.
Influence of light intensity, spectrum and orientation
on sea bass plasma and ocular melatonin. Journal of
Pineal Research 32 (1): 34—40. DOI: 10.1034/.1600-
079x.2002.10806.x

Bellido J.M., Santos M.B. Pennino M.G. Valeiras
X., Pierce G.J. 2011. Fishery discards and bycatch:

Solutions for an ecosystem approach to fisheries
management? Hydrobiologia 670 (1): 317. DOI:
10.1007/s10750-011-0721-5

Ben-Yami M. 1976. Fishing with light. FAO Fishing
Manuals. Fishing News Books, Farnham, UK.

Bertrand J.A., de Sola L.G., Papaconstantinou C.,
Relini G., Souplet A. 2002. The general specifications
of the MEDITS surveys. Scientia Marina 66 (Suppl.
2): 9-17. DOI: 10.3989/scimar.2002.66s29

Bowmaker J.K. 1990. [Chapter 4] Visual pigments of
fishes. Pp. 81-107. DOI: 10.1007/978-94-009-0411-
8 4 In: Douglas R., Djamgoz M. (eds.) The visual
system of fish. Springer, Dordrecht, the Netherlands.
DOI: 10.1007/978-94-009-0411-8

Bryhn A.C., Konigson S.J., Lunneryd S.-G., Bergenius
M.A.J. 2014. Green lamps as visual stimuli affect the
catch efficiency of floating cod (Gadus morhua) pots
in the Baltic Sea. Fisheries Research 157: 187-192.
DOI: 10.1016/j.fishres.2014.04.012

Clarke G.L., Denton E.J. 1962. Light and animal life.
Pp. 456-468. In: Hill N.M. (ed.) The sea Vol. 1. Ideas
and Observation on Progress in the study of the Seas.
Physical oceanography. Interscience, London and
New York.

Damalas D., Vassilopoulou V. 2013. Slack regulation
compliance in the Mediterranean fisheries: A paradigm
from the Greek Aegean Sea demersal trawl fishery,
modelling discard ogives. Fisheries Management
and Ecology 20 (1): 21-33. DOI: 10.1111/j.1365-
2400.2012.00860.x

Dartnall H.J.A. 1975. Assessing the fitness of visual

pigments for their photic environments. Pp. 543-563.

DOI: 10.1007/978-1-4757-0241-5 44 In: Ali M.A.

(ed.) Vision in fishes: New approach in research.

Springer, Boston MA, USA. DOI: 10.1007/978-1-

4757-0241-5

Vos B.I.,, Doring R., Aranda M., Buisman F.C.

Frangoudes K., Goti L., Macher C., Maravelias

C.D., Murillas-Maza A., van der Valk O,

Vasilakopoulos P. 2016. New modes of fisheries

governance: Implementation of the landing obligation

in four European countries. Marine Policy 64: 1-8.

DOI: 10.1016/j.marpol.2015.11.005

Fernald R.D. 1990. [Chapter 13] Haplochromis burtoni:
A case study. Pp. 443-464. DOIL: 10.1007/978-94-
009-0411-8 13 In: Douglas R., Djamgoz M. (eds.)
The visual system of fish. Springer, Dordrecht, the
Netherlands. DOI: 10.1007/978-94-009-0411-8

Forsgren E., Dupont S., Jutfelt F., Amundsen T. 2013.
Elevated CO, affects embryonic development and
larval phototaxis in a temperate marine fish. Ecology
and Evolution 3 (11): 3637-3646. DOI: 10.1002/
ece3.709

Fréon P., Gerlotto F., Misund O.A. 1993. Consequences
of fish behaviour for stock assessment. In: ICES
Marine Science Symposia 196:190-195.

Giordano D., Perdichizzi A., Pirrera L., Perdichizzi F.,
Greco S. 2017. Trachurus trachurus. Pp. 454-461.
In: Sartor P., Mannini A., Carlucci R., Massaro E.,

de


https://doi.org/10.2989/18142320509504104
https://doi.org/10.1034/j.1600-079x.2002.10806.x
https://doi.org/10.1034/j.1600-079x.2002.10806.x
https://doi.org/10.1007/s10750-011-0721-5
https://doi.org/10.3989/scimar.2002.66s29
https://doi.org/10.1007/978-94-009-0411-8_4
https://doi.org/10.1007/978-94-009-0411-8_4
https://doi.org/10.1007/978-94-009-0411-8
https://doi.org/10.1016/j.fishres.2014.04.012
https://doi.org/10.1111/j.1365-2400.2012.00860.x
https://doi.org/10.1111/j.1365-2400.2012.00860.x
https://doi.org/10.1007/978-1-4757-0241-5_44
https://doi.org/10.1007/978-1-4757-0241-5
https://doi.org/10.1007/978-1-4757-0241-5
https://doi.org/10.1016/j.marpol.2015.11.005
https://doi.org/10.1007/978-94-009-0411-8_13
https://doi.org/10.1007/978-94-009-0411-8_13
https://doi.org/10.1007/978-94-009-0411-8
https://doi.org/10.1002/ece3.709
https://doi.org/10.1002/ece3.709

Light affects behaviour of Trachurus trachurus

91

Queirolo S., Sabatini A., Scarcella G., Simoni R. (eds.)
Synthesis of the knowledge on biology, ecology and
fishery of the halieutic resources of the Italian seas.
Biologia Marina Mediterranea 24 (Suppl. 1).

Glass C., Wardle C. 1989. Comparison of the reactions
of fish to a trawl gear, at high and low light intensities.
Fisheries Research 7 (3): 249-266.DOI: 10.1016/0165-
7836(89)90059-3

Guthrie D. 1986. [4] Role of vision in fish behaviour.
Pp. 75-113. DOI: 10.1007/978-1-4684-8261-4 4
In: Pitcher T.J. (ed.) The behaviour of teleost fishes.
Croom Helm, London and Sydney. DOI: 10.1007/978-
1-4684-8261-4

Hannah R.W,, Lomeli M.J.M., Jones S.A. 2015. Tests of
artificial light for bycatch reduction in an ocean shrimp
(Pandalus jordani) trawl: Strong but opposite effects
at the footrope and near the bycatch reduction device.
Fisheries Research 170: 60-67. DOI: 10.1016/].
fishres.2015.05.010

Helfman G.S. 1986. [14] Fish behaviour by day, night
and twilight. Pp. 366-387. DOI: 10.1007/978-1-4684-
8261-4 14 In: Pitcher T.J. (ed.) The behaviour of
teleost fishes. Croom Helm, London and Sydney. DOI:
10.1007/978-1-4684-8261-4

Herrmann J.P., Enders E.C. 2000. Effect of body size
on the standard metabolism of horse mackerel. Journal
of Fish Biology 57 (3): 746-760. DOI: 10.1111/j.1095-
8649.2000.tb00272.x

Hobson E.S., McFarland W.N., Chess J.R. 1981.
Crepuscular and nocturnal activities of Californian
nearshore fishes, with consideration of their scotopic
visual pigments and the photic environment. Fishery
Bulletin 79 (1): 1-30.

Hunter J.R. 1966. Procedure for analysis of schooling
behavior. Journal of the Fisheries Research Board of
Canada 23 (4): 547-562. DOI: 10.1139/f66-046

Jardas L., Santi¢ M., Pallaoro A. 2004. Diet composition
and feeding intensity of horse mackerel, Trachurus
trachurus (Osteichthyes: Carangidae) in the eastern
Adriatic. Marine Biology 144 (6): 1051-1056. DOI:
10.1007/s00227-003-1281-7

Jerlov N.G. 1976. Chapter 14 Applications to physical
oceanography. Pp. 175-192. DOI: 10.1016/S0422-
9894(08)70806-7 In: Jerlov N.G. (ed.) Marine optics.
Elsevier Oceanography Series. Volume 14. Elsevier,
Amsterdam, Oxford, New York.

Kim Y.-H., Wardle C. 1998. Measuring the brightness
contrast of fishing gear, the visual stimulus for fish
capture. Fisheries Research 34 (2): 151-164.

Larsen R.B., Herrmann B., Sistiaga M., Brinkhof
J., Tatone 1., Langird L. 2017. Performance of
the Nordmere grid in shrimp trawling and potential
effects of guiding funnel length and light stimulation.
Marine and Coastal Fisheries 9 (1): 479-492. DOI:
10.1080/19425120.2017.1360421

Liao C.-H., Chyn S.-S., Tsai T.-Y., Lu H.-J. 2007. Fishing
capacity and conditions of light fishery under different
fishing light intensity. Journal of Taiwan Fisheries Society
34 (2): 207-223. DOI: 10.29822/JFST.200706.0007

Marchesan M., Spoto M., Verginella L., Ferrero E.A.
2005. Behavioural effects of artificial light on fish
species of commercial interest. Fisheries Research 73
(1-2): 171-185. DOI: 10.1016/j.fishres.2004.12.009

Matsumoto T., Thara H., Ishida Y., Yamamoto S.,
Murata O., Ishibashi Y. 2010. Spectral sensitivity of
juvenile chub mackerel (Scomber japonicus) in visible
and ultraviolet light. Fish physiology and biochemistry
36 (1): 63-70. DOI: 10.1007/s10695-008-9289-z

McFarland W.N. 1986. Light in the sea—Correlations
with behaviors of fishes and invertebrates. American
Zoologist 26 (2): 389—401. DOI: 10.1093/icb/26.2.389

Meager J.J., Moberg O., Strand E., Utne-Palm A.C.
2010. Effects of light intensity on visual prey detection
by juvenile Atlantic cod (Gadus morhua L.). Marine
and Freshwater Behaviour and Physiology 43 (2): 99—
108. DOI: 10.1080/10236241003798910

Melli V., Krag L.A., Herrmann B., Karlsen J.D. 2018.
Investigating fish behavioural responses to LED lights in
trawls and potential applications for bycatch reduction in
the Nephrops-directed fishery. ICES Journal of Marine
Science 75 (5): 1682-1692. DOI: 10.1093/icesjms/fsy048

Milisenda G., Garofalo G., Fezzani S., Rjeibi O.,
Jarboui O., Chemmam B., Ceriola L., Bonanno
A., Genovese S., Basilone G., Mifsud R., Lauria V.,
Gristina M., Colloca F., Fiorentino F. 2018. Biomass
HotSpot distribution model and spatial interaction of
two exploited species of horse mackerel in the south-
central Mediterranecan Sea. Hydrobiologia 821 (1):
135-150. DOL: 10.1007/s10750-017-3336-7

Milisenda G., Vitale S., Massi D., Enea M., Gancitano
V., Giusto G.B., Badalucco C., Gristina M.,
Garofalo G., Fiorentino F. 2017. Spatio-temporal
composition of discard associated with the deep water
rose shrimp fisheries (Parapenaeus longirostris,
Lucas 1846) in the south-central Mediterranean Sea.
Mediterranean Marine Science 18 (1): 53-63. DOI:
10.12681/mms.1787

Okpala C.O.R., Sardo G., Vitale S. 2017. On the
acclimatization of pelagic fish species juveniles in a
closed environment: An Atlantic horse mackerel case
study. American Journal of Animal and Veterinary
Sciences 12 (2): 65—70.DOI: 10.3844/ajavsp.2017.65.70

Olla B.L., Davis M.W. 1990. Behavioral responses of
juvenile walleye pollock Theragra chalcogramma
Pallas to light, thermoclines and food: Possible role
in vertical distribution. Journal of Experimental
Marine Biology and Ecology 135 (1): 59-68. DOI:
10.1016/0022-0981(90)90198-L

Olla B., Davis M., Schreck C. 1997. Effects of simulated
trawling on sablefish and walleye pollock: the role
of light intensity, net velocity and towing duration.
Journal of Fish Biology 50 (6): 1181-1194. DOI:
10.1111/1.1095-8649.1997.tb01646.x

Pavlov D., Kasumyan A. 2000. Patterns and mechanisms
of schooling behavior in fish: A review. Journal of
Ichthyology 40 (Suppl. 2): S163—-S231.

Queirolo D., Gaete E., Montenegro 1., Soriguer M.C.,
Erzini K. 2012. Behaviour of fish by-catch in the mouth


https://doi.org/10.1016/0165-7836(89)90059-3
https://doi.org/10.1016/0165-7836(89)90059-3
https://doi.org/10.1007/978-1-4684-8261-4_4
https://doi.org/10.1007/978-1-4684-8261-4
https://doi.org/10.1007/978-1-4684-8261-4
https://doi.org/10.1016/j.fishres.2015.05.010
https://doi.org/10.1016/j.fishres.2015.05.010
https://doi.org/10.1007/978-1-4684-8261-4_14
https://doi.org/10.1007/978-1-4684-8261-4_14
https://doi.org/10.1007/978-1-4684-8261-4
https://doi.org/10.1111/j.1095-8649.2000.tb00272.x
https://doi.org/10.1111/j.1095-8649.2000.tb00272.x
https://doi.org/10.1139/f66-046
https://doi.org/10.1007/s00227-003-1281-7
https://doi.org/10.1016/S0422-9894(08)70806-7
https://doi.org/10.1016/S0422-9894(08)70806-7
https://doi.org/10.1080/19425120.2017.1360421
https://doi.org/10.29822/JFST.200706.0007
https://doi.org/10.1016/j.fishres.2004.12.009
https://doi.org/10.1007/s10695-008-9289-z
https://doi.org/10.1093/icb/26.2.389
https://doi.org/10.1080/10236241003798910
https://doi.org/10.1093/icesjms/fsy048
https://doi.org/10.1007/s10750-017-3336-7
https://doi.org/10.12681/mms.1787
https://doi.org/10.3844/ajavsp.2017.65.70
https://doi.org/10.1016/0022-0981(90)90198-L
https://doi.org/10.1111/j.1095-8649.1997.tb01646.x

92

Sardo et al.

of a crustacean trawl. Journal of Fish Biology 80 (7):
2517-2527. DOL: 10.1111/§.1095-8649.2012.03305.x

Ryer C.H., Olla B.L. 2000. Avoidance of an approaching
net by juvenile walleye pollock Theragra
chalcogramma in the laboratory: The influence of light
intensity. Fisheries Research 45 (2): 195-199. DOI:
10.1016/S0165-7836(99)00113-7

Smith-Vaniz W.F., Heessen H., Collette B., Fernandes
P., Herrera J. 2015. Trachurus trachurus. In:
The TUCN Red List of Threatened Species 2015.
¢.T198647A44767022.

Vaz Velho F., Barros P., Axelsen B.E. 2010. Day—night
differences in Cunene horse mackerel (Trachurus
trecae) acoustic relative densities off Angola. ICES
Journal of Marine Science. 67 (5): 1004—1009. DOI:
10.1093/icesjms/fsq004

Veiga P., Pita C., Rangel M., Goncalves J.M., CamposA.,
Fernandes P.G., Sala A., Virgili M., Lucchetti A.,
Brcic J., Villasante S., Ballesteros M.A., Chapela
R., Santiago J.L., Agnarsson S., Ogmundarson
O., Erzini K. 2016. The EU landing obligation and
European small-scale fisheries: What are the odds for
success? Marine Policy 64: 64-71. DOI: 10.1016/.
marpol.2015.11.008

Zimmerman D.W., Zumbo B.D. 1993. Relative
power of the Wilcoxon test, the Friedman test, and
repeated-measures ANOVA on ranks. The Journal
of Experimental Education 62 (1): 75-86. DOI:
10.1080/00220973.1993.9943832

Received: 26 April 2019
Accepted: 23 January 2020
Published electronically: 1 March 2020


https://doi.org/10.1111/j.1095-8649.2012.03305.x
https://doi.org/10.1016/S0165-7836(99)00113-7
https://doi.org/10.1093/icesjms/fsq004
https://doi.org/10.1016/j.marpol.2015.11.008
https://doi.org/10.1016/j.marpol.2015.11.008
https://doi.org/10.1080/00220973.1993.9943832

