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Abstract

The potential of non-destructive sampling methods such as a baited remote
underwater video system (BRUVS) for fish monitoring is immense. This potential is

demonstrated in our study, which examined three sites with different habitats (rocky,
wreck, seagrass) in the Karaburun- lldir Bay Special Environmental Protection Area
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Introduction

The Mediterranean Sea is recognized as one of the
most biodiverse regions globally; however, the
populations of both vertebrates and invertebrates are
facing significant pressure from various stressors,
including pollution (Guidetti et al., 2003), fishing (Piroddi
et al., 2020), invasive species (Katsanevakis et al., 2014)
and climate change (Barnett et al., 2001). As a result,
there has been a decline in species richness, diversity,
density, and biomass (Claudet & Fraschetti, 2010; Coll et
al., 2010; Prato et al., 2013).

Marine protected areas (MPAs) are essential for
supporting marine ecosystems and their ecological
processes, as well as for the spatial management of
critical regions and the conservation of coastal species
affected by human activities (Halpern and Warner,
2002; Lester et al., 2009; Grorud-Colvert et al., 2021).
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(SEPA) in the Aegean Sea. From 60 hours of video recordings, we identified 3771
individuals from 24 fish species belonging to 10 families. The rocky habitat had the
highest total abundance (44.9%), with a statistical difference. The result of Shannon-
Wiener’s index specified the highest value in the wreck (H’'WR=1.73), although the
rocky had greater fish diversity (H'RR=1.54). It is clear that there is a lack of studies,
especially in the Eastern Mediterranean, and the benefits of long-term periodic
monitoring studies using BRUVS should not be ignored

Furthermore, MPAs are recognized as the most effective
tools for conservation and protection, provided they are
managed properly. Although MPAs encompass over a
thousand sites covering 8.3% of the Mediterranean Sea,
only 13% of these areas possess a national statute and a
business plan (MedPAN & UNEP/MAP-SPA/RAC, 2023).

The ecological effectiveness of MPAs are often
estimated based on fish assemblages (Molloy et al.,
2009). Traditionally, fish diversity assessments have
utilized methods such as fishing and catch operations,
underwater visual census strip transects (UVCt), and
baited remote underwater video (BRUV) (Aglieri et al.,
2021; Murphy & lJenkins, 2010). To mitigate further
damage to habitats and species, non-destructive
sampling techniques are preferred over more
conventional methods like dredging and trawling
(McGeady et al., 2023).
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The baited remote underwater video (BRUV)
system is a sampling method that offers a non-
destructive, non-extractive, and  cost-effective
alternative to traditional fishery-dependent
approaches, and it has also been applied for the past
two decades (Whitmarsh et al., 2017). Unlike UVC, BRUV
systems are not limited by the depth and time
constraints of scuba diving (Watson et al., 2005; Harvey
et al., 2007); they are less labour-intensive and more
economical while also providing valuable information
about habitat (Collins et al., 2017). Furthermore, BRUV
systems produce standardized and statistically robust
data, and measurements that can be reassessed,
moving beyond the limitations of diver estimates
(Harvey et al., 2007, 2013; Bornt et al., 2015; Malcolm et
al., 2015). The features of the BRUV system have made
them widely used in many parts of the world as fishery-
independent data collection tools for MPAs (Rees et al.,
2004; Langlois et al., 2006; Kelaher et al., 2014) but in
the Mediterranean, the number of BRUV-based study is
still very limited (Stobart et al., 2015; Aglieri et al., 2021;
Torres et al., 2020; Cattano et al., 2021; La Manna et al.,
2021).

There are 19 SEPAs in Tirkiye, five of which are on
the Aegean coast. This study had a dual purpose: to
assess fish biodiversity in a SEPA located in the Aegean
Sea and to evaluate the feasibility of using BRUVS, a
novel technique in the region, for future monitoring
efforts.

Materials and Methods

The study was conducted between May and July
2023 in Karaburun-lldir Bay SEPA, which is located in the
central Aegean Sea. The wreck (WR), rocky (RR), and
seagrass (SR) habitats were chosen for BRUVS

deployments. The WR, originally named Alaybey, was
intentionally sunk by the local government in 2016 to
create a recreational diving site, and it rests on a
uniform gravel bottom at a depth of 36.6 m (38.6605° N;
26.5202° E). The RR is a rocky reef at a depth of 36 m
and a popular dive site located approximately 0.2 km
north of WR (38,6621° N; 26,5206° E). The SR
characterized by seagrass reef of Posidonia oceanica
meadow at a depth of 26 m (38,6417° N; 26,5285° E)
(Figure 1).

The BRUVS were constructed according to Langlois
et al. (2020). A total of 4 diving weights, each weighing
1 kg, were fixed to the corners of the frame to enhance
the stability of the system at the seafloor against
potential current conditions. Crashed sardines of 0.8 kg
were placed in bait boxes positioned 1.5 m in front of
the camera (Dorman et al., 2012; Langlois et al., 2020)
(Figure 2). Based on sea conditions, BRUV systems were
deployed on the three habitats (RR, WR and SR) within
45 minutes of sunrise (06:00 am). This operation was
repeated 20 times on different dates at the points
marked with a handheld GPS (Garmin 64Sx) for each
habitat.

The videos were recorded at a resolution of 1920 x
1080 pixels with a capture rate of 30 fps (GoPro® Hero
2018) (Harvey et al., 2010). The sixty-minute video
image per deployment was viewed using
VLC video player, starting after the stabilisation of the
BRUVS on the bottom. The MaxN was used to measure
of abundance. For this purpose, individuals were
identified at the species level, and then the maximum
number of a particular species seen in any one video
frame across the duration of the video record was
counted (Whitmarsh et al., 2017). Species richness was
calculated using the Shannon—-Wiener diversity index
(H') (Begon et al., 2006), while total abundance was
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Figure 1. Study area.



Turkish Journal of Fisheries & Aquatic Sciences

TRJFAS26748

determined as the sum of the MaxN of each taxon
recorded. The constancy status of fish species was
classified into three groups according to their frequency
of occurrence of the total deployments: ‘accidental’
(occurrence less than 25%), ‘accessory’ (occurrence
between 25-50%) and ‘constant’ (occurrence more than
>50%) (Dajoz, 1978; Sensurat-Geng et al., 2022).

The one-way ANOVA test and post-hoc Tukey test
(T) were used to determine differences in abundance
values for the habitats, and prior to ANOVA analysis,
homogeneity of variance was tested using Levene’s test.
A non-metric multidimensional ordination (nMDS) on
ranked Bray—Curtis similarities using multi-species
abundance data was produced to represent potential
similarity of the fish assemblage structure between the
different habitats. A cut-off level of 70% similarity is
applied for analyses.  Fish abundance data was
transformed using a square-root transformation (Fowler
& Booth, 2012; Chao et al., 2014). The SIMPER was used
to determine the species that contributed most to the
assemblage structure with PRIMER v7 (Plymouth
Routines in Multivariate Ecological Research software).

Results

In the study, 20 successful BRUVS deployments
were performed in each of the three habitats, and a
total of 60 hours of video recordings were obtained.
From the BRUVS deployments, 3771 individuals
(WR=28.9%, RR=44.9%, SR=26.1%) of 24 fish species
belonging to 10 families were identified (Table 1). The
abundance per deployment was calculated (sum of

MaxN) as 54.5+6.9 for WR, 84.7+8.2 for RR and 49.2+3.5
for SR. Statistically, a difference was found between the
RR and other habitats, but no difference was found
between the WR and SR (Levene’s P=0.07, ANOVA
P=0.001, Trr-Twr P=0.005, Trr-Tsr P=0.01, Twr- Tsr
P=0.836).

The most diverse families were Sparidae, Labridae
and Serranidae (Table 1), and five fish species accounted
for 86.1% of the total abundance (C. julis, C. chromis, A.
anthias, B. boops, D. sargus). Between the habitats, fish
species with the highest number of individuals in total
abundance, C. chromis for WR (34%), A. anthias for RR
(35.8%) and C. julis for SR (67.9%) (Table 1, Figure 4).
Based on the species richness, the highest number of
fish species was registered in RR with 21, followed by SR
(18) and WR (16). Among the reefs, S. viridensis and S.
smaris were recorded only in the SR. Anthias anthias, S.
sarda, D. dentex and also the loggerhead sea turtle
(Caretta caretta) were recorded only in the RR
(Figure 3). Although the RR had greater fish diversity
(H’rr=1.54), the result of the Shannon-Wiener’s index
was specified the highest value in WR (H’=1.73), and SR
was the lowest (H’=1.43). Based on species richness,
there was a significant difference between the WR and
SR (P=0.014).

In the SR, half of the documented species were
classified as constant species, which accounted for
89.5% of the total abundance values. In the RR, nearly
all abundance (95%) comprised constant species, 28.6%
of the overall species count. Meanwhile, at the WR,
constant species were 43.8% of the total species and
91.4% of the total abundance. In all habitats, C. julis, M.

Figure 2. BRUV system was used in the study.
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Table 1. Relative abundance (MaxN), species richness, and constancy status for 24 fish species recorded per BRUVS deployment
in three different habitats. (Co: Constant, Acc: Accidental, Acces: Accessory).

Habitat WRECK (WR)

Taxa/Deployment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Const. stat.

Carangidae

Seriola dumerili 32 11 4 Acc.

Centracanthidae

Spicara maena 2 1 1 6 Acc.

Labridae

Coris julis 3 8 2 6 2 8 5 2 3 9 11 7 8 17 6 9 3 3 12 3 Co.

Symphodus mediterraneus 2 Acc.

Symphodus melanocercus 1 2 2 Acc.

Symphodus ocellatus 1 1 Acc.

Symphodus tinca 1 Acc.

Muraenidae

Muraena helena 1 1 1 1 1 2 1 1 1 1 1 Co.

Pomacentridae

Chromis chromis 26 18 21 16 8 37 32 16 9 17 23 20 6 9 22 12 32 29 8 11 Co.

Scaridae

Sparisoma cretense 1 2 3 1 Acc.

Serranidae

Serranus cabrilla 1 1 2 1 2 2 2 1 2 1 1 1 2 2 2 2 1 2 1 2 Co.

Sparidae

Boops boops 56 86 16 1 21 3 8 12 24 32 62 35 Co.

Diplodus puntazzo 1 3 4 2 2 2 1 2 1 1 2 2 1 Co.

Diplodus sargus 3 4 1 3 3 1 3 1 4 2 2 2 2 3 1 3 4 4 8 11 Co.

Diplodus vulgaris 3 Acc.

Spondyliosoma cantharus 2 2 3 2 1 2 2 3 Acces.

Total Nmax 91 125 33 44 18 97 65 29 25 32 47 53 44 66 36 30 110 82 35 29 1091

Species richness 7 9 7 6 6 10 6 9 8 6 7 6 6 7 6 7 8 10 6 6 16

Habitat ROCKY (RR)

Taxa/Deployment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Const. stat.

Carangidae

Seriola dumerili 1 1 Acc.

Centracanthidae

Spicara maena 3 2 2 2 Acc.

Labridae

Coris julis 3 17 5 12 20 14 4 11 19 29 13 24 19 37 6 18 14 21 5 44 Co.

Symphodus cinereus 2 Acc.

Symphodus mediterraneus 1 Acc.

Symphodus melanocercus 2 1 2 1 1 2 Acces.

Symphodus ocellatus 1 Acc.

Symphodus tinca 1 1 1 Acc.

Muraenidae

Muraena helena 1 3 1 1 1 1 2 2 1 1 1 Co.

Pomacentridae

Chromis chromis 32 158 30 18 28 31 43 28 17 19 23 9 12 11 16 14 21 16 15 28 Co.

Scaridae

Sparisoma cretense 2 1 1 2 3 Acces.

Scombridae

Sarda sarda 9 Acc.

Serranidae

Anthias anthias 41 16 38 23 92 12 33 19 33 49 19 32 58 32 13 19 15 19 22 23 Co.

Serranus cabrilla 3 2 2 1 2 2 1 2 1 1 4 Co.

Serranus scriba 1 2 1 Acc.

Sparidae

Dentex dentex 1 2 Acc.

Diplodus annularis 2 1 2 Acc.

Diplodus puntazzo 2 1 1 1 3 3 Acces.

Diplodus sargus 4 2 2 1 1 3 5 5 6 2 4 1 4 4 3 2 3 2 3 5 Co.

Diplodus vulgaris 2 1 Acc.

Spondyliosoma cantharus 1 2 1 1 2 1 1 2 3 Acces.

Total Nmax 82 201 79 57 151 65 87 67 8 102 64 71 101 88 41 58 58 68 55 115 1695

Species richness 6 7 6 6 10 7 6 7 12 6 8 7 9 7 6 7 9 6 9 10 21

Habitat SEAGRASS (SR)

Taxa/Deployment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Const. stat.

Centracanthidae

Spicara maena 1 1 2 Acc.

Spicara smaris 1 Acc.
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Table 1. Continued

Labridae

Coris julis 17 21 32 42 12 28 21 12 49 51 29 38 48 38 34 29 49 53 34 32 Co.

Symphodus cinereus 2 3 1 1 2 3 2 1 1 2 3 1 2 1 Co.

Symphodus mediterraneus 1 1 1 2 Acc.

Symphodus melanocercus 1 1 1 1 2 3 1 2 2 2 Co.

Symphodus ocellatus 1 1 1 1 1 1 1 1 Acces.

Symphodus tinca 2 1 1 1 1 1 1 Acces.

Muraenidae

Muraena helena 2 1 2 1 1 1 2 2 1 1 2 1 5 1 2 1 2 1 1 1 Co.

Pomacentridae

Chromis chromis 3 6 8 2 5 4 5 18 2 Acces.

Scaridae

Sparisoma cretense 1 2 1 Acc

Serranidae

Serranus cabrilla 1 1 1 1 2 1 3 2 2 1 1 2 Co.

Serranus scriba 4 2 2 1 2 1 2 2 1 2 3 2 1 1 Co.

Sparidae

Boops boops 11 5 3 Acc

Diplodus annularis 1 2 2 2 3 2 3 1 3 4 1 3 1 5 3 6 2 Co.

Diplodus vulgaris 1 2 2 2 3 1 4 1 5 3 6 2 Co.

Spondyliosoma cantharus 2 1 3 1 3 1 2 4 1 1 2 Co.

Sphyraenidae

Sphyraena viridensis 1 Acc

Total Nmax 42 35 47 54 25 39 39 25 64 64 39 48 72 51 50 37 86 69 56 43 985

Species richness 0 9 8 7 1 7 8 7 10 8 7 7 9 8 8 7 10 11 9 8 18

helena and S. cabrilla were classified as constant, while
S. maena and S. mediterraneus were classified as
accidental (Table 1).

SIMPER analysis revealed that the highest
dissimilarity between WR and SR (64,2%) and species
contributing to the difference between habitats were
given in Table 2. Non-metric multidimensional scaling
(nMDS) based on Bray-Curtis similarities separated the
habitats, and data showed approximately 50% similarity
among the WR and RR (Figure 5).

Discussion

In this study, the BRUVS method was successfully
applied for the first time in the Turkish Seas to assess
fish assemblages, identifying 24 species. Previous
studies in the Mediterranean, such as Stobart et al.
(2007), identified 51 species in rocky reefs in Spain and
France, and La Manna et al. (2021) recorded 46 taxa in
Sardinia. In the Aegean Sea, Nalmpanti et al. (2021)
identified 27 fish taxa using a remotely operated
underwater drone. Consistent with our findings, both
previous studies qualified C. chromis and C. julis as
abundant fishes.

In the Mediterranean, UVC is the most used and
preferred technique for monitoring studies compared
with video-based sampling methods (Tessier et al.,
2013; Prato et al., 2017; La Manna et al., 2021). To date,
no studies have been conducted on the eastern coasts
of the Aegean Sea using BRUVS, and previous studies in
the Aegean Sea have shown a predominance of UVC. For
instance, Sensurat-Geng et al. (2022) obtained similar
results in a study conducted in the same area and even
included the same wreck habitat as this study. In both
studies, C. chromis was the most abundant species in the

wreck. However, in contrast to this study, BRUVS
detected only about one-third of the species recorded
using UVC. The other studies on artificial reefs, fish farm
cages, shipwrecks, and natural reefs have reported 27-
40 fish species belonging to 10-22 families using UVC
(Gul et al., 2006, 2011; Lok et al., 2008; Akyol et al.,
2019; Acarli et al., 2020; Orug A. C., 2022). The species
richness of Sparidae and Labridae, which is considered a
possible situation in the Mediterranean rocky coasts
(Harmelin, 1987; Ruitton et al., 2000), was also observed
in this study in line with previous UVC studies in Aegean
(Lok et al., 2008; De Raedemaecker et al., 2010; Giil et
al., 2011, Akyol et al., 2019; Acarli et al., 2020). The main
differences between the findings of UVC-based studies
could be attributed to seasonality and difference in
research period. For example, Sensurat-Geng et al.
(2022) carried out the UVC study for two years.
Additionally, divers can search complex habitats, but
cameras cannot; therefore the UVC method is more
successful than BRUVS in detecting cryptic species in
crevices and cavities (Watson et al., 2005; Stobart et al.,
2007). If different types of bait had been used, it could
have changed the sampling efficiency of BRUVS
(Dorman et al.,2012). In addition, the bait's tendency to
attract predator or scavenger fishes, such as
Mediterranean morays (observed in 70% of
deployments in this study), may have deterred some
species from approaching (Cappo et al., 2004; Hardinge
et al., 2013).

The BRUVS observed mainly carnivorous species in
the RR and SR (C. julis, A. anthias) and planktivorous
fishes in WR, C. chromis and B. boops. The planktivorous
were observed to be attracted to the particles released
outside when carnivores attempted to feed from the
bait box (Stobart et al., 2007). It is known that C. chromis
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Figure 3. Photographs from BRUVS deployments (A, B, C= Wreck reef; D, E= Rocky reef; F, G= Seagrass reef; H= Caretta caretta at Rocky reef).

prefers sheltered areas even in daylight (Kovaci¢ et al.,
2012), and as expected, this species has the highest
number of individuals in WR (34%). The predator species
such as Dentex dentex, S. viridensis, S. sarda, S. dumerili
and also a turtle (C. caretta) were recorded.

Conclusion

This study represents a substantial advancement in
the application of BRUVS technology within Turkish
waters. BRUVS has demonstrated its efficacy as a
valuable tool for assessing fish community structure

across diverse marine habitats. By offering a non-
destructive and standardized approach, BRUVS presents
significant potential for long-term monitoring and
conservation initiatives within MPAs. Future research
endeavors could integrate BRUVS with complementary
methods, such as UVC, to facilitate a more
comprehensive understanding of marine ecosystems.
The continued application of this methodology in
Turkish seas will contribute to the preservation of
marine biodiversity and the enhancement of MPA
management strategies.
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Figure 4. Total abundance (MaxN=bars) and cumulative abundance of fish species (lines) recorded in BRUVS deployments.

Table 2. Simper analysis results for fish species contributed to differences. Note: DC%= percentage contribution to total

dissimilarity; WR= Wreck, RR= Rocky, SR= Seagrass.

WR&RR WR&SR RR&SR
Av. dissimilarity=46,79 Av. dissimilarity=64,22 Av. dissimilarity=62,07
Species DC% Species DC% Species DC%
A. anthias 28,33 C. chromis 14,61 A. anthias 21,57
B. boops 14,98 B. boops 11,94 C. chromis 15,53
C. julis 8,43 C. julis 11,27 D. sargus 8,73
D. puntazzo 5,38 D. sargus 9,32 D. annularis 6,08
C. chromis 5,21 D. annularis 7 C. julis 5,97
S. cabrilla 4,86 S. scriba 4,94 D. vulgaris 4,47
S. cantharus 4,54 D. vulgaris 4,85 S. cinereus 4,45
S. cinereus 4,84 S. scriba 4,37
D. puntazzo 4,6
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