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A B S T R A C T   

The need for the management of commercially targeted species and surrounding ecosystems has become more 
apparent in conjunction with the thriving commercial exploration of open seas. Despite the growing global in
terest in how fishing activity impacts seamount ecosystems, data regarding to the fishing impacts of gillnets on 
seamount ecosystems are scarce, and quantitative comparisons between trawls and gillnets are surprisingly 
limited. Our quantitative comparative studies using observer data collected at the southern Emperor Seamounts 
area revealed that the quantity and quality of bycatches of four key demersal benthos, denoted as Vulnerable 
marine ecosystem (VME) indicator taxa designated in the convention text of The North Pacific Fisheries Com
mission (three orders of dominant corals, Antipatharia, Scleractinia, and “Gorgonian” (Alcyonacea with solid 
axis), and Porifera), were not inherently different between the gear types, and operational tactics, such as depth 
or positions, might be prior factors largely affecting bycatches of benthic assemblages in the fishing activities 
carried out at Emperor Seamounts. Additionally, assessments of multiyear operational data revealed temporal 
shifts in the species composition of cold-water coral bycatches. Overall, the synthesis of bycatch occasions 
provided by scientific observers enabled us to reveal (1) the variations in bathymetric distributions and the 
contribution of local topographies toward demersal benthic organisms and (2) fishing operational features, such 
as operation positions and depth, which may strongly affect bycatches.   

1. Introduction 

Seamounts have attracted both commercial and research attention 
since the earliest ages of ocean exploration. As a consequence of their 
geographical and hydrological properties, seamounts induce unique 
local currents, which can enhance upwelling and support the flux of 
suspended food (Genin, 2004), leading this geographically ubiquitous 
landform to be one of the most enriched maritime ecosystems, har
bouring large aggregations of benthopelagic fishes and flourishing 
benthic assemblages dominated by suspension feeders, such as corals 
and sponges (Clark, 1999; Genin et al., 1986; Wilson and Kaufmann, 
1987; Pitcher et al., 2007). 

Similar to shallow-water tropical coral reefs, some species of cold- 
water corals are known to form reefs and host distinct communities on 
seamounts (Rogers, 1999; Freiwald et al., 2002). Even in ahermatypic 

species, forests of black corals (Antipatharia), Alcyonacea, or sponges 
may contribute to the modification of habitat complexity and may serve 
as habitat, feeding grounds, or spawning/nursery grounds for sur
rounding organisms (Roberts, 2002; Roberts et al., 2006; Baillon et al., 
2012). Thus, these benthic organisms are often categorised as 
‘ecosystem engineers’ (Jones et al., 1994; Pitcher et al., 2007). In 
addition to their ecological importance, similar to other deep-sea spe
cies, which can inhabit seamounts or not, these benthic organisms 
generally have slow growth, long lifespans, and slow recovery from 
physical damage; therefore, cold-water corals and sponges have attrac
ted attention as important indicator species of vulnerable marine eco
systems (VMEs) in most regional fisheries management organisations 
(RFMOs) (Roberts et al., 2009; Miyamoto et al., 2017). 

Although several previous studies have indicated the relative 
distributional variations of cold-water corals and the importance of 
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surrounding oceanographic/topobathymetric environments for the 
occurrence of these fauna (Pitcher et al., 2007), our basic knowledge of 
the ecology of demersal benthic biota is still scarce. Thus, the synthesis 
of the physical and biological patterns of seamounts is essential for 
future ecosystem-based management and conservation of seamounts 
(Pitcher et al., 2007). Ironically, because of their remoteness and 
oceanographic uniqueness with harsh hydrodynamic properties 
(Rogers, 1994), studies on demersal assemblages are often time and 
effort intensive. 

Detailed commercial fisheries often be the informative sources to 
investigate the ecology of aquatic organisms. Large-scale commercial 
fishing, targeting benthopelagic fishes on the Emperor Seamount chain, 
located at 30–55◦N and 168–178◦E in the Northwestern Pacific Ocean 
(Fig. 1), began in the 1960s (Sasaki, 1986; Grigg, 1993; Kiyota et al., 
2015). Today, the North Pacific armourhead and splendid alfonsino are 
the two main target species for the Japanese fishing fleets operating in 
these regions, and trawls and gillnets are the two main fishing gears 
utilised in the Emperor Seamounts area (Kiyota et al., 2015; 
SWG-NPA-SA, 2021). Physical impacts on the seamount habitat of bot
tom trawl, the principal contributor of the world’s total catch in the high 
seas’ fisheries, are intensively studied and well summarised in a number 
of papers (ex. Pitcher et al., 2007; Grieve et al., 2014; Ragnarsson et al., 
2017). Gillnets are considered to cause significant impacts on VMEs at 
the time of hauls by entangling corals in the nets or can trap and kill 
marine organisms when the gear is lost (Pitcher et al., 2007; Ragnarsson 
et al., 2017), though the quantitative evaluation of the effects of gillnets 
on demersal benthos is insufficiently investigated and the data is scarce 
(Ragnarsson et al., 2017; Dias et al., 2020). The aim of this study was to 
reveal the potential effects of fishing operations and to investigate the 
distributional properties of demersal benthic species using data 
collected during fishing activities. 

2. Methods 

2.1. Study sites and fishing operations 

This study was conducted based on data collected by onboard sci
entific observers who have taken the scientific observer programme to 
collect scientific data necessary to assess the impact of fisheries on 

marine species and VMEs (North Pacific Fisheries Commission, 2017). 
Japan started onboarding scientific observers on all fishing vessels and 
collecting operational data autonomously in 2009, five years prior to the 
establishment of The North Pacific Fisheries Commission (NPFC) and 
the enforcement of obligations for collecting operational data by sci
entific observers. Among all data provided by scientific observers on
board vessels of the Japanese commercial bottom fisheries (five of the 
bottom trawlers, Vessel A-E, and one of the gillnetters, Vessel F) oper
ating in the southern Emperor Seamounts area, around the five sea
mounts around which both gears types were utilised by commercial 
fisheries (Northern Koko (36.5–37◦N, 171.5◦E, 840–1250 m deep); 
Koko (34.5–35◦N, 171–172◦E, 275–1070 m deep); Yuryaku (32.5◦N, 
172◦E, 391–1225 m deep); Kammu (32◦N, 172–173◦E, 349–1300 m 
deep); and Colahan (31◦N, 175–176◦E, 822–1365 m deep) during the 
fishing seasons (January to October) from 2009 to 2020 were used in 
this study (Fig. 1). Detailed data regarding the catches of the commer
cially targeted species and details of the operations, such as the opera
tional location where the nets were set/retrieved, depth of the gears 
operated using the net monitoring systems for the trawls, and echo 
sounders for the gillnets, were provided by scientific observers for each 
haul. 

In order to increase the sample size, we collated data across seasons. 
The depth of each operation was calculated as the average depth at the 
location where the net was set and retrieved. The distance of fishing 
operations was estimated from the longitude and latitude of the fishing 
gears by directly connecting the points of start/end of hauls. For gillnets, 
although their operational distance is logically restricted by the length 
of one net (c. 30 m) and the number of net panel sets per haul (56 net 
panel sets), their position can be affected as a result of drifting due to by 
waves or current flows. Thus, in this study, the operational distance of 
the gillnet was calculated based on its start and end positions. Data with 
unreliably elongated fishing operations (>6000 m and >25,000 m in 
gillnets and trawls, respectively) or those outside the seamount range 
were removed from the analyses to ensure data reliability. Operational 
tactics may vary not only among vessels but also from year to year to 
optimise the cost-benefit ratios of fishing behaviours (Janc et al., 2021). 
Thus, temporal effects were verified in further analysis by accessing data 
separately both before and after the establishment of the NPFC (in total, 
9017 operations from 2009 to 2014, and 9069 operations from 2015 to 
2020). R package “FactoMineR” was used to conduct Principal 
Component Analysis (PCA) for the investigation of fishing operational 
variations among vessels and between the two different fishing periods 
by incorporating three numeric variables (depth, longitude and latitude) 
and three categorical factors (gear type, seamount, and fishing period) 
as the key parameters for characterising fishing operations. 

2.2. Target species and data analysis 

In the case of fishing operations that caught any unwanted organisms 
(bycatches), all bycatch of cold-water corals and sponges were preserved 
in the freezer on board. After the catches were landed, samples were 
immediately sent to and preserved at the laboratory of the Highly 
Migratory Resources Division, Yokohama Field Station, Fisheries Re
sources Institute, Japan Fisheries Research and Education Agency. In 
most cases, all specimens were identified to the lowest possible taxon, 
namely species, genus, or family for cold-water corals. Owing to the 
limited identification knowledge on demersal Porifera, taxonomic res
olution for these specimens was limited to the phylum level. 

In this study, we were mainly focused on the bycatches of four 
taxonomic groups, including three orders of corals (Antipatharia, 
Scleractinia, and “Gorgonian”, Alcyonacea excluding soft coral) and 
Porifera that are designated as “VME indicator taxa” in the convention 
text of NPFC. In this study, we separately categorised Alcyonacea with 
solid axis, terming them “Gorgonians”, because of their unique 
morphological/ontogenetic characteristics compared to other Alcyona
cea (soft corals) and following the fact that these suborders are still 

Fig. 1. (a) Map of the Northwestern Pacific Ocean representing the location of 
Emperor Seamounts chain. White rectangle represents the (b) seamounts of 
data used in this study. 
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treated as separate VME indicator taxa by many fishery management 
bodies. Other Alcyonacea, another VME indicator taxon assigned in the 
NPFC convention text, were excluded from the detailed analyses because 
of the limited number of bycatch samples (n < 10). 

Mean individual weight was calculated using following equation: 

mean individual weight of sp.A =
total catch weight of sp.A per hual (g)

no. of individuals 

The length of each specimen was measured as a rule of thumb. The 
total weights and sizes of the individuals were compared among the 
vessels. Differences in the species composition of cold-water corals were 
compared between the early (2009–2014) and later (2015–2020) fishing 
periods based on the proportional occurrences of each family. If any 
statistically significant variations were observed in taxonomic compo
sitions among the different fishing periods, Simpson’s diversity index 
was calculated for further analysis. The Kolmogorov–Smirnov test, 
Kruskal–Wallis rank sum test, Fisher’s exact test for count data, and 
Wilcoxon test were conducted for statistical comparisons using respec
tive packages (e.g. ’ggplot2’ (Wickham, 2016) and ’ggpubr’ (Alboukadel, 
2020)) of R ver. 4.1.1 (RStudio Team, 2020; R Core Team, 2021). 

3. Results 

3.1. Occurrence of benthos bycatches and fishing operational trends in 
Emperor Seamounts area 

Among 18,920 total hauls, the proportion of hauls catching 
bycatches was 7.02% (1328 hauls) and 2.47% (468 hauls) in trawls and 
gillnets, respectively. Gorgonian was the most abundant bycatch 
(approximately 60% of all operations with bycatches). Antipatharia was 
the next-most abundant, making up 16.8% of the proportional occur
rence. The proportion of Porifera and Scleractinia were 4.4% and 2.6%, 
respectively. Alcyonacea (excluding “Gorgonian”) was the least abun
dant species, with 0.3% of the total bycatch. 

Principal Components Analysis (PCA) indicated differences in the 
operational trends of each vessel (Fig. 2a). PCA showed that 95.45% of 
the information was presented by two axes (PC1 and PC2 accounted for 
76.89% and 18.56% of the total variance, respectively). PC1 was mainly 
correlated with latitude (eigenvalue: 0.958), longitude (-0.834) and 
average depth (0.833) (Table 1). Two groups were observed with respect 
to gear type: vessels A-E and vessel F with trawls and gillnets, respec
tively. Trawlers were correlated with a higher longitude, while gillnet
ters were correlated with higher latitude and greater depth (Fig. 3a). 

The fishing operations varied between the early and later fishing 
periods (Figs. 2b-c, 3b-c). The positions of each circle shifted slightly 
toward the positive side of PC1 from the fishing periods of 
2009–2014–2015–2020 (Table 1), suggesting shifts in fishing operations 
toward higher latitudes and deeper depths during the latter fishing 
period. The degree of the shifts in operational depth was greater in the 
gillnetter (mean±SD: 618.85 ± 217.71 m and 826.98 ± 216.77 m in 
early and latter fishing seasons, respectively) than in the trawlers (mean 
±SD: 387.94 ± 119.74 m and 402.13 ± 95.32 m in early and latter 
fishing seasons, respectively). 

3.2. Depth relation of bycatches 

Operational depth was strongly related to bycatch occurrence 
(Kruskal–Wallis rank sum test, KS χ2 = 134.97, df = 4, p < 0.001 for 
gillnets, and KS χ2 = 75.97, df = 4, p < 0.01 for trawls). Gillnet hauls 
with bycatches of Antipatharia, Gorgonian, and Scleractinia showed a 
significantly greater operational depth than hauls with no bycatch 
(Fig. 4). Although the median depth of the operation that caught Por
ifera was greater than that of non-bycatches, the difference was not 
significant. Similar tendencies were observed in trawls, except for 
Antipatharia and Scleractinia. The operational depth of the gillnets 
caught with Antipatharia was not significantly different, and those 

caught with Scleractinia were significantly shallower than those without 
bycatches. 

Overall, gillnets tended to mark higher values of total catch weights 
and individual sizes of bycatches than trawls, however, they highly 
varied among vessels (especially in Antipatharia and Gorgonian, Figs. 5, 
A.1). Individual height was also largely varied within trawlers. Porifera 
tended to exhibit occurrence/heavier catch weight in trawlers, however, 
this was not a statistically significant trend. In addition to the occurrence 
of bycatch, the total weight and individual size of bycatches also inter
acted with depth (Fig. 6). For instance, the weight and size of the 
Gorgonian and Scleractinia were positively correlated with depth. 
Interestingly, for Gorgonian, the variation in individual weights was 
greater in gillnets; nonetheless, the variation in individual heights was 
greater in trawls. In addition to Gorgonians and Scleractinia, Anti
patharia showed a negative trend with depth. Although no clear trends 
were observed for Porifera, the catch appeared to be concentrated at a 
certain depth between 400 and 600 m. 

3.3. Temporal shift of bycatch compositions 

Differences in the bycatch family composition were observed be
tween the fishing gear groups (Fig. 7). In Gorgonian, Acanthogorgiidae 

Fig. 2. PCA plots of (a) all fishing vessels with respective environmental factors 
with indicative arrow directions, (b) fishing vessels operated between 2009 and 
2014, and (c) vessels operated between 2015 and 2020. 
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and Plexauridae were dominant in the trawls, whereas Anthothelidae, 
Chrysogorgiidae, Coralliidae, and Paragorgiidae were dominant in the 
gillnets. The proportions of Isididae and Primnoidae were similar be
tween the two fishing gear types. Schizopathidae and Antipathidae are 
the Antipatharian families that characterise the bycatches of gillnets and 
trawls, respectively. 

The proportional composition of the Gorgonian family was signifi
cantly different between the two fishing periods in both gear types 
(Fisher’s exact test for count data with simulated p-value: p < 0.01 for 

both trawls and gillnets). Simpson’s diversity index of the Gorgonian 
decreased in the later periods for both types of fishing gears 
(0.682–0.577, and 0.691–0.554, in gillnets and trawls, respectively). 
Primnoidae, Paragorgiidae, Isididae, Plexauridae, and Coralliidae 
exhibited conspicuous differences (> 0.05) in proportional occurrences: 
the former two families increased their proportions in gillnets, whereas 
Isididae in trawls and Plexauridae and Coralliidae in gillnets decreased 
their proportional occurrence in the 2015–2020 fishing period. 

The proportional composition of Antipatharia was significantly 
different between the two fishing periods (Fisher’s exact test for count 
data with a simulated p-value of p < 0.05). Although Antipatharian 
corals caught by gillnets showed proportional shifts, we did not observe 
any significant differences (Fisher’s exact test for count data with a 
simulated p-value p of 0.85). The diversity index in trawls increased 
slightly in the later fishing seasons (0.698–0.726 in the early and later 
fishing periods, respectively). Among the five families of Antipatharia, 
Schizopathidae and Leiopathidae were the two families whose propor
tional occurrence notably differed between the early and later fishing 
years. Compositional comparisons of Scleractinian bycatches were un
reliable between fishing gear and periods because the bycatch incident 
was limited to gillnets (and we could not observe a significant difference 
in the gillnets between early and later fishing periods). 

4. Discussion 

4.1. Contributions of fishing tactics toward benthos bycatches 

The need for the management of commercially targeted species and 
surrounding ecosystems has recently become more apparent, revealing 
how fishing activities may impact seamount ecosystems as one of the 
urgent aims of worldwide investigation. However, our knowledges 
about fishing effects on demersal ecosystems are leaning toward trawls, 
and the data on gillnet physical impacts on demersal ecosystems is 
particularly scarce. The synthesis of instances of bycatch using fishing 
operational data enabled us to reveal the bathymetric distributional 
ranges of demersal benthic species and their susceptibility to different 
fishing gear operated on the Emperor Seamounts. Note that the usage of 
scientific observer data and its interpretations require caution as they 
might inherently possess some biases (e.g. unvicious asymmetric data 
collection due to the behavioural adaptations by fishing vessels to avoid 
additional bycatch, damage to gears, or to change operational tactics to 

Table 1 
Summary of PCA analyses of all fishing operations.  

Eigenvectors 

Variable  PC1 PC2 PC3 
Longitude  -0.834 0.527 0.165 
Latitude  0.958 -0.001 0.287 
Average 

depth (m)  
0.833 0.528 -0.164 

Supplementary categories 

Variable  PC1 PC2 PC3 
Gears Gillnet 1.66 0.554 -0.087  

Trawl -0.671 -0.224 0.035 
Seamounts Jingu 1.645 1.009 -0.067  

Koko -0.511 -0.011 -0.044  
Nintoku 3.098 0.086 0.025  
Suiko 4.407 -0.367 0.813  

Youmei 3.828 0.02 0.139 
Fishing 

periods 
2009–2014 -0.219 -0.081 0.065  

2015–2020 0.064 0.024 -0.019 

Eigenvalues 

PC  Eigenvalues % 
Variation 

Cumulative % of 
variation 

1  2.307 76.887 76.887 
2  0.557 18.559 95.446 
3  0.137 4.554 100  

Fig. 3. Histograms of average depth of operations of (a) gillnet (orange) and 
trawl (dark blue) in whole fishing seasons and (b) in different fishing periods 
(red and dark blue represent the pre- and post-2015 fishing periods, 
respectively). 

Fig. 4. Boxplots of average depth in gillnets and trawls without/with respective 
bycatches (Antipatharia, Gorgonian, Porifera, Scleractinia). Boxes show the 
75%, median, and 25% interval and upper and lower whiskers show the 
greatest and least values excluding outliers. Outliers, black circle over or below 
the whiskers, were plotted if the values were less than 1.5 times the upper and 
lower quartiles. Statistical differences with Kruskal–Wallis rank sum test are 
represented in red symbols in parenthesis (** - p < 0.01; * - p < 0.05; ns no 
significant difference), and post-hoc comparisons (Holm adjusted pairwise 
comparisons using t-tests with pooled SD) between the values without/with 
bycatches are represented above boxes (** - p < 0.01; * - p < 0.05; ns no sig
nificant difference). 
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focus on different target species; Akimoto personal communication). 
Nevertheless, it could be a valuable data resource detailing how existing 
fishing operations interact with the surrounding environments, espe
cially for the cases where data are chronically scarce, and the chance of 
the investigations is limited, such as in seamount ecosystems in high-sea 
areas. 

Bottom trawls and gillnets are the main fishing gears utilised by 
fishing vessels operating in the Emperor Seamounts area. Generally, 
owing to the different characteristics of fishing gears, the operations of 
vessels using different gear types are mostly spatially segregated within 
and among seamounts (Fisheries Agency of Japan, 2008a, 2008b, 2022). 
Trawls mainly target the flat summits of seamounts, pulling the gear by 
fleets to chase and obtain the fish. Gillnets, on the other hand, are 
suitable for operation at the slopes of seamounts or gaps between 
summits by laying nets across (Fisheries Agency of Japan, 2008a, 2008b, 
2022). Regarding the spatial segregation of fishing vessels, our PCA 
analysis indicated that the operational tactics of vessels using the two 
fishing gears were slightly different: trawlers mainly operated in shal
lower areas at higher longitudes and gillnetters were set at deeper areas 
at relatively higher latitudes. Despite these substantial differences, our 
study revealed that the bycatch trends are highly variable among ves
sels, even within vessels using the same fishing gear. Moreover, our 

results suggest that operational depth is the predominant factor affecting 
demersal benthic bycatch trends. This may indicate that variations in 
fishing tactics, particularly the positions/fishing depth, are the major 
factors affecting the occurrence of benthic bycatches, rather than the 
features of the gears per se. Our results exhibited a higher variance in 
bycatch among vessels using trawls; nevertheless, PCA analysis could 
not clearly differentiate the operational tactics of vessels using trawls. 
These results suggest that the distribution of the demersal benthic taxa 
was highly patchy, and that local-scale environmental differences may 
have contributed to their distributions, rather than regional-scale 
differences. 

Operations at the slopes/edges of a summit with gillnets might have 
contributed to the higher tendencies of bycatches (Fig. A.1) because 
these topographies tend to be suitable for most demersal suspension 
feeders, such as Gorgonian and/or Scleractinia, due to the upwelling of 
nutrient-rich seawater from the deep stratum, removing sediment on the 
seamount surface and providing suitable hard substrates, and contrib
uting to the dispersal of offspring (Genin et al., 1986; Rogers, 1994, 
1999; Matsumoto, 2005; Pitcher et al., 2007; Baco et al., 2017; Sigler 
et al., 2023). Depth is alternative good indicator of the distribution of 
demersal benthos, as the depth strongly interact with pressures, tem
peratures, food availability (e.g. the depth of the deep scattering layers 
of plankton migrating), or chemical composition like the depth of the 
aragonite saturation horizon (ASH) (Pitcher et al., 2007; Williams, 2011; 
Miyamoto et al., 2017). 

Indeed, our study also indicate the contribution of water depth to 
coral distribution and individual sizes, but this is inconsistent with 
previous reports on some coral taxa. For example, the catch weight and 
individual size of Scleractinian corals tend to increase with increasing 
water depth. Interestingly, the majority of the specimens of Scleractinia 
in our study were captured using gillnets, indicating that the Scleractinia 
caught in this study originated from the slopes and edges of the summit. 
According to Thresher et al. (2011) and Cohen and Holcomb (2009), a 
larger food supply by upwelling could be one of the possibilities for 
Scleractinia to distribute under ASH depths by neutralising the negative 
effect of the increased energy requirement for the growth of stony corals 
under lower aragonite saturation levels. Perhaps, the reason why 
Scleractinian bycatch is concentrated in slopes is simply because its 
distribution may be concentrated on the hard substrate with lower 
sediment coverage. Although a higher food supply from upwelling 
or/and the presence of suitable hard substrate in the slopes could be a 
possible reason for the presence of stony corals below the ASH depth, it 
may not fully explain why the individual size of stony corals positively 
interacted with water depth. Historical anthropogenic activities may be 
another factor contributing to the current distribution of corals in the 
present day, however, limited knowledge precludes full discussion of 
this point. 

Antipatharia, which are expected to occupy a wider bathymetric 
distribution capacity similar to that of the Gorgonian (Ribes et al., 2003; 
Etnoyer and Morgan, 2005; Pitcher et al., 2007; Baco et al., 2017; 
Miyamoto et al., 2017) were conspicuous as bycatches by trawls, and 
their catch weight and individual sizes exhibited a negative relationship 
with water depth. According to Yesson et al. (2017), the contribution of 
warm temperatures might be one of the reasons why our Antipatharian 
samples were more concentrated in shallower water depths. Indeliberate 
sampling bias (e.g. substantially limited incidental catch of flexible and 
relatively simple structured cold-water corals in gillnets) could be an 
alternative to the bycatch concentrations of Antipatharia in trawls. 

Contributions of surrounding environmental factors (such as silicic 
acidity) and/or the sampling bias of fishing gear might be expected even 
in the greater bycatch tendencies of Poriferans by trawls (though its 
catches were not significantly different among vessels; Fig. 5; Santín 
et al., 2019; Chu et al., 2019). Further investigations of bathymetric 
geochemistry or physical conditions around the North Pacific Ocean 
may be essential to reveal the details of the distribution of demersal 
benthos. 

Fig. 5. Boxplots of (a) total catch weight, (b) individual weights and (c) indi
vidual height of bycatches (Antipatharia, Gorgonian, Porifera, Scleractinia) per 
vessel (trawls in blue and gillnet with orange). Boxes show the 75%, median 
and 25% interval and upper and lower whiskers show the greatest and least 
values excluding outliers. Outliers, black circle over or below the whiskers, 
were plotted if the values were less than 1.5 times the upper and lower quar
tiles. Symbols in parenthesis are the results of statistical analysis using Krus
kal–Wallis rank sum test (** - p < 0.01; * - p < 0.05; ns - no significant 
difference), and the results of the post-hoc comparisons (Holm adjusted pair
wise comparisons using t-tests with pooled SD) are shown above boxes in red 
alphabets (a–e). 
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4.2. Morphological variations of Gorgonian 

Although the interactions between the distributions and bathymetric 
ranges of the Gorgonian, one of the major benthic taxa structuring 
Emperor Seamount ecosystems (Miyamoto et al., 2017), have often been 
reported in previous studies (Ribes et al., 2003; Etnoyer and Morgan, 
2005; Pitcher et al., 2007; Baco et al., 2017), their morphological trends 
remain underreported on till date. As many terrestrial/oceanic seden
tary organisms can often express wide morphological plasticity against 
physical environmental disturbances (such as wind disturbance for the 
trees or hydrodynamic forces for corals, Brüchert and Gardiner, 2006; 
McArthur et al., 2010; Thomas et al., 2015; Chindapol et al., 2013; 
Zawada et al., 2019; Sanna and Freiwald, 2021), the variations in in
dividual weight and height in the Gorgonians observed in our study may 
imply morphological variations in samples collected under different 
hydrodynamic conditions. For instance, Gorgonians collected using 
gillnets are expected to originate from subhabitats facing stronger hy
drodynamic forces induced by upwelling (such as the slopes of sea
mounts), which may contribute to the shortening or thickening of 
arborescent organisms (Brüchert and Gardiner, 2006; Thomas et al., 
2015; Zawada et al., 2019). In contrast, tall and sparse branching pat
terns observed in trawl samples might be more suitable for coping with 
food scarcity on shallower flat platforms that experience relatively 
weaker water disturbances (Thiem et al., 2006; Sanna and Freiwald, 
2021). Although historical anthropogenic activities could be the alter
native possibility of catching short and thick individuals by gillnet due 
to the higher vulnerability of tall arborescent corals to the encounter 

fishing lines (De la Torriente Diez et al., 2022), it cannot explain the 
tendencies of tall-individual-bycatches by trawls. Hence, the contribu
tion of the hydrological phenomena toward coral population toward 
bycatch tendencies might be more plausible explanation in our study. A 
detailed study of the morphological variations in Gorgonians under 
different hydrodynamic environments would be helpful in investigating 
the causal mechanisms of variations in individual height and weight in 
cold-water corals. 

4.3. Temporal variations of bycatches and future concerns 

Our study, using multiyear operational data, revealed that the 
operational features shifted between early and later fishing periods to
ward deeper and higher latitudes. Consequently, the species composi
tion of coral bycatches differed significantly between the two fishing 
periods. As the majority of cold-water corals in Emperor Seamounts are 
dominant at a depth of < 800 m (Miyamoto et al., 2017), the decreased 
species diversity of Gorgonian bycatches in the later fishing period 
might be reasonable. Compared with Gorgonians, the degree of shift in 
the diversity index of Antipatharian bycatches was marginal (+0.028 by 
trawls operated from 2009 to 2014–2015–2020). As the degree of the 
shift observed in the operational depth of trawls was relatively smaller 
than that seen in gillnets (although statistically significantly different; 
Fig. 3), the shift in trawl depth was negligible for 
shallow-intermediate-dominant Antipatharia to exhibit conspicuous 
compositional differences. 

According to previous studies (Matsumoto, 2005; Miyamoto et al., 

Fig. 6. Scatter plots of total weights (first row), individual weights (second row), and individual height (third row) with the collected depth of each bycatch taxa. 
Blue lines with triangles and orange lines with circles represent the results in trawls and gillnets, respectively. 
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2017), the temporal shift of operational depth in fishing vessels might be 
the major effect of temporal compositional variations in Gorgonian 
bycatches, such as the catches of Acanthogorgiidae, Gorgoniidae, and 
Plexauridae by trawls or Coralliidae by gillnets. This may indicate that 
their distributions were concentrated mainly around the depth of the 
trawls/gillnets operated in the early fishing period. Other 
deep-dominant species such as Paragorgiidae and Chrysogorgiidae were 
predominantly caught using gillnets or during later fishing periods. 
Overall, the proportional shifts in the Gorgonian among different fishing 
gears and fishing periods might be interpreted as the segregation of 
suitable distribution depths among families. 

The reason for the remarkable proportional shifts in Antipatharian 
species is not yet clear, as their trends are inconsistent with bathymetric 

distributions. Shifts in operational positions might be one of the possible 
causes of the changes in species composition. For example, morpho
logical differences between Schizopathidae and Leiopathidae may 
contribute to differences in feeding efficiency (Frederiksen et al., 1992; 
Sanna and Freiwald, 2021). If flow conditions vary along latitudes and 
longitudes, shifts in operational positions can cause variations in species 
composition. Detailed environmental studies might help investigate the 
differences in the species distributions of cold-water corals. 

Cold-water corals are often in the limelight as symbolic species of 
VMEs, and the requirements for their urgent protection and manage
ment are being declared in most RFMOs (Roberts et al., 2009; Miyamoto 
et al., 2017). Although spatial closures are often introduced as one of the 
most powerful tools for ecosystem-based management in fisheries 
(Pitcher et al., 2007; Baco et al., 2020; Pons et al., 2022), enforcement of 
such management measures may require particular caution, because the 
limitation of fishing fields may forcibly remove fishermen and redis
tribute the fishing effort to areas outside of the closure areas, which can 
augment the risks of capturing other vulnerable species or leading to the 
destruction of other intact fragile marine ecosystems (Baum et al., 2003; 
Lewison et al., 2004; Abbott and Hayne, 2012). 

It is worth noting that none of the operations of the Japanese fleets 
have reached the threshold values for coral (North Pacific Fisheries 
Commission, 2021) and sponge (North Pacific Fisheries Commission, 
2023) bycatches stated in the NPFC till date. Furthermore, actual fishing 
grounds are limited to certain parts of each seamount, and past research 
has not revealed the existence of serious adverse impacts of fishing ac
tivities on VMEs and marine species along the Emperor Seamounts 
(Fisheries Agency of Japan, 2008a, 2008b). As our present study showed 
the different bycatch trends between two fishing gears, implementation 
of gear specific conservation measures, such as gear specific encounter 
threshold, might be valuable to ensure the precautionary conservation 
and management of VMEs in this region. 

However, limitation of our knowledge regarding to demersal eco
systems impedes the evaluation of comprehensive fishing impacts 
(DOSI, 2022). Furthermore, consideration of other ecosystem compo
nents, such as the impacts toward pelagic organisms including the target 
species, is often left behind at the time of risk assessments (DOSI, 2022). 
Like in the cases that incorporating fishing efforts in the model of esti
mating bycatch spatial patterns (Sims et al., 2008), investigations of the 
ecological aspects of the splendid alfonsino or Pacific armourhead, two 
of the main commercially important species caught at the Emperor 
Seamounts, might be a meaningful step forward for ecosystem and 
resource management around the Emperor Seamounts. As several pre
vious studies have indicated that the individual size of splendid alfon
sino varies among different water depths (Seki and Tagami, 1986; 
Lehodey et al., 1994; Santamaría et al., 2006; Akimoto et al., 2010; 
Shotton, 2016), its interactions with fishing gear, operational trends, 
and surrounding environments might be required to provide an over
view of ecosystem-fishing interactions in the Northwestern Pacific 
Ocean. Continuous enforcement of precautionary conservation and 
management considering comprehensive ecological assessment, 
including both targeting/non-target organisms, might be effective in 
achieving the coexistence of long-term conservation and sustainable use 
of fishery resources and the protection of marine ecosystems. 

5. Conclusion 

Our study contributes to the sustainability of demersal VMEs in 
Northwestern Pacific Ocean by comparing the bycatch trends among 
commercial fleets using different fishing gears, trawls and gillnets, and 
revealed that (1) the distributions of demersal benthic organisms 
(including VME indicators) and their individual sizes seem to vary 
among bathymetric ranges and local topographies, and (2) operational 
features, such as geographic positions and depth, may strongly affect the 
bycatches of demersal benthos rather than the features of the gears per 
se. Further investigations of demersal ecosystems and comprehensive 

Fig. 7. Differences in the proportional occurrence of Antipatharian, Gorgonian, 
and Scleractinian families collected in 2009–2014 (left) and 2015–2020 (right) 
by gillnets and trawls. Statistical differences in proportional compositions be
tween two fishing periods are shown above bars (** - p < 0.01; * - p < 0.05; ns - 
no significant difference with Fisher’s exact test for count data). 
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risk assessments, considering both target/non-target organisms, will be 
worthwhile tasks for the sustainable fishery in high seas and the pro
tection of demersal ecosystems. 
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Appendix

Fig. A1. Boxplots of (a) total catch weight, (b) individual weights, and (c) individual height of bycatches (Antipatharia, Gorgonian, Porifera, Scleractinia) per fishing 
gears (gillnet and trawls with orange and blue, respectively) within the same global grids (30″×30″ grid). Boxes show the 75%, median, and 25% interval, and upper 
and lower whiskers show the greatest and least values excluding outliers. Outliers, black circles over or below the whiskers, were plotted if the values were less than 
1.5 times the upper and lower quartiles. ** - p < 0.01; *- p < 0.05; ns, no significant differences with Wilcox test. 
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