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ARTICLE INFO ABSTRACT

Keywords: Biodiversity patterns of marine crustaceans are still unknown in many locations or might have been overlooked
Benthos due to our knowledge gaps, despite increasing sampling and data sharing efforts during the last decades. By
Biogeography analysing big data extracted from open portals such as Ocean Biodiversity Information System (OBIS) and Global
gzl;?izza Biodiversity Information System (GBIF), we aim to revisit the distribution and biodiversity patterns of the highly
Pelagic speciose and abundant Crustacea in the Northwest Pacific (NWP) from shallowest depths to the deep sea. This

study focussed on selected benthic and pelagic crustacean (sub) classes and their species richness, sampling
effort, and expected species richness (ES50) using equal/sized hexagonal cells, 5° latitudinal bands, 500 m depth
intervals were analyzed. Crustacean species richness was highest in the tropical Philippines as well as around the
Japanese islands. Pelagic crustacean species richness peaked at 30° latitude and declined beyond that. Benthic
taxa; however, depicted high levels of species richness across most of the latitudinal gradient, reaching its highest
point at 45° latitude. Due to the prevalence of certain crustacean orders in the deep sea, benthic species richness
showed a distribution pattern with two distinct peaks across bathymetric gradients; with highest species richness
recorded at shallow-water depths and also at abyssal depths. The most important environmental drivers of
benthic and pelagic crustacean species richness were primary productivity (positive correlation) and salinity
(negative correlation). Our study provides first insights into biodiversity patterns of the highly diverse Crustacea
in the NWP and highlights strong differences between benthic and pelagic taxa. The results presented here could
help us to better understand whether benthic or pelagic taxa might respond differently to climate changes in the
NWP based on their distinct physiological and biological characteristics. This information is crucial in estab-
lishing species management strategies and ecosystem restorations in both shallow water and deep-sea
environments.

Shallow water
Species richness

1. Introduction species richness is assumed to decline from shallow water depths to the

deep sea in many taxa — even when accounting for sampling bias

Patterns of marine species biodiversity and their distribution at
global and regional scales have been the focus of scientific research for
the last few decades (e.g., Costello and Chaudhary, 2017; Grassle, 1991;
Gray, 1997; Renema et al., 2008). Some studies assumed an unimodal
decline of marine species richness against latitudinal gradients following
Rapoport’s rule and the Mid-Domain Effect (Brown, 2013; Colwell et al.,
2004; Rex et al., 2000; Stevens, 1989). More recent studies; however,
found a bimodal species richness pattern on a global scale (Chaudhary
et al., 2016; Powell et al., 2012; Saeedi et al., 2017, 2019a). Generally,

(Costello and Chaudhary, 2017). While the deep sea (> 500 m depth,
Thistle, 2003) comprises the largest biome on earth, accounting for over
63% of the planet’s surface, it remains one of the least explored realms of
our planet (Mora et al., 2011; Ramirez-Llodra et al., 2010). Yet, even
with our current state of knowledge, several marine taxa — such as
gastropods, nematodes or isopods — contradict the trend of decreasing
species richness with depth by thriving in bathyal and abyssal depths
(Danovaro et al., 2010; Rex, 1973; Saeedi et al., 2022a). In addition,
reports of deep-sea species richness reaching similar or greater levels at
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higher latitudes of 30° to 50° than in the tropics have been made for
Chordata, Mollusca, Polychaeta and Ophiuroidea (Saeedi et al., 2019a;
Saeedi et al., 2019b; Woolley et al., 2016). These apparent differences
between shallow-water and deep-sea biodiversity patterns highlight that
we are only starting to understand these patterns.

Understanding the potential causes for observed marine biodiversity
patterns requires understanding the complex system that might shape
species richness and distribution patterns in present days (e.g., Brown,
2013). This is especially important as anthropogenic climate change
could dramatically change these patterns; for example, through range
shifts of marine taxa to either greater depths or poleward (Abram et al.,
2019; Simoes et al., 2021). As pointed out by the IPCC, marine biota also
face climate-change related challenges as for example decreased oxygen
solubility or increased stratification, that severely alter their living
conditions (Abram et al., 2019; Hoegh-Guldberg et al., 2014). Evalua-
tions on the influence of environmental conditions on marine biodi-
versity delivered valuable insights in correlations between biodiversity
patterns and abiotic factors: while global shallow-water species richness
highly correlates with temperature (Saeedi et al., 2017; Tittensor et al.,
2010), the species richness of the temperature-wise relatively constant
deep sea (the sole exception being upper bathyal depths that exhibit
larger changes in temperature) is influenced by other abiotic factors
such as food availability or dissolved oxygen (Golovan et al., 2019;
Woolley et al., 2016). As pointed out by Saeedi et al. (2022a), consid-
ering the biology (reproduction and larval development) and
morphology (locomotive capabilities) of the investigated taxa is also
crucial for explaining current distribution patterns. Biodiversity patterns
are also interrelated with the topographic complexity and heterogeneity
of their marine environment (e.g., Myers, 1997; Stein et al., 2014) and
prone to changes due to climate-related alterations of current regimes
and associated environmental factors (Bellwood et al., 2005; Renema
et al., 2008). On a temporal scale, major historic events such as glacia-
tions, plate tectonics and oxygen minimum zones (OMZ) also proved to
alter marine biodiversity patterns, population ranges and their connec-
tivity (Erwin, 2009; Riehl et al., 2020a; Yasuhara et al., 2009). One
should also consider that biodiversity patterns and their potential
drivers might not only differ among marine taxa, but can also vary at
regional or even local scales (Levin et al., 2001; Ramirez-Llodra et al.,
2010; Snelgrove and Smith, 2002). Studying these potential drivers of
biodiversity patterns thus requires a solid foundation of knowledge on
the region to be examined.

The Northwest Pacific (NWP) ranks among the better understood
ocean regions on our planet and even its deep sea has been sampled and
studied in the past tremendously, increasing our knowledge of that area
(Brandt, 2016; Brandt et al., 2010; Brandt and Malyutina, 2015;
Malyutina et al., 2018; Werner et al., 2016). In addition, a large fraction
of our current knowledge about the NWP fauna is based on the deep-sea
expeditions with RV Vityaz from the 1950s to 1970s, initiated by Lev
Zenkevich (Belyaev, 1989, 1983; Birstein, 1971, 1970, 1963; Kussakin,
1988, 1982, 1979, 1971; Kussakin and Vasina, 1990; Shirshov, 1983;
Zenkevich, 1963). The entirety of currently available sampling data on
the marine fauna of the NWP revealed high levels of biodiversity across
many marine taxa, especially crustaceans.

The high levels of species richness in this region are promoted by the
heterogeneity of the NWP that comprises various hadal trenches, vast
abyssal plains and several deep-sea basins, all differing in their ba-
thymetry, hydrology and other environmental factors (Saeedi et al.,
2020; Saeedi and Brandt, 2020). Previous studies by Renema et al.
(2008) and Saeedi et al., 2019a identified the tropical and subtropical
areas of the NWP, comprising the Indo-Australian Archipelago, as hosts
the highest number of marine species in the World Ocean. The diversity
in species richness and geomorphology thus turn the NWP into an ideal
area to study more regional effects of biodiversity patterns.

Previous studies focussed mostly on overall species richness or rather
specialized (crustacean) taxa (e.g., Saeedi et al., 2022a,a), yet did not
cover the highly speciose and abundant group of marine crustaceans as a
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whole. Currently, over 66,000 recent species of crustaceans are recog-
nized globally (Zhang, 2011). Marine crustaceans comprise the largest
chunk of animal biomass on earth (Bar-On et al., 2018) and are also
commonly reported from biological samplings during multiple deep-sea
expeditions in the NWP, such as the KuramBio, SokhoBio, SoJaBio, or
KuramBio II campaigns (Brandt, 2016; Brandt et al., 2010; Brandt and
Malyutina, 2015; Malyutina et al., 2018). These findings are not sur-
prising, given the fact that crustaceans are the dominant taxa
throughout the marine water column, extending from intertidal waters
down to the Challenger Deep in the Mariana Trench (e.g., [tani, 2004;
Lan et al., 2016). While many crustacean species primarily inhabit the
shallow coastal waters of the World Ocean (e.g., Decapoda, Stomato-
poda), there are several crustacean groups that are particularly known
for inhabiting the deep sea, such as several peracarid, ostracod and
copepod (sub-)orders, for example, Podocopida, Myodocopida, Ergasi-
lida, and Siphonostomatoida (Hessler and Sanders, 1967; Humes, 1987;
Yasuhara et al., 2014). Their omnipresence in our oceans is achieved by
a wide spectrum of lifestyle adaptations and changes throughout their
ontogenetic development that enable utilization of many unique
ecological niches (Thiel and Wellborn, 2018). In addition, many crus-
tacean taxa display complex trophic roles in marine communities (see
Thresher and Kuris, 2004; Wiirzberg et al., 2011). Understanding their
biogeographic distribution and species richness patterns during times of
rapid anthropogenic climate change is thus crucial in preparing man-
agement measures to aid conserve the marine biodiversity far beyond
the crustacean realm.

The main objectives of this study were to (i) investigate and compare
the biodiversity patterns of benthic and pelagic crustacean taxa in the
NWP against latitudinal and bathymetric gradients; (ii) identify hotspots
of crustacean species richness in the NWP; and (iii) determine which
environmental parameters drive the observed biodiversity patterns and
species richness hotspots. Based on comparable big-data studies for
other marine taxa we expect an overall decline in crustacean species
richness with increasing latitude and depth, yet mainly for shallow-
water biodiversity, while deep-sea biodiversity should remain higher
even at temperate latitudes (Costello and Chaudhary, 2017; Saeedi et al.,
2022a,b). In this regard it is important to test whether the Philippines
host the highest number of crustacean species, as they are not only
located in lower, tropical latitudes, but also within the particularly
species rich Coral triangle which is regarded as a marine biodiversity
hotspot (Renema et al., 2008; Saeedi et al., 2019a). Previous studies on
the environmental drivers for marine biodiversity in the NWP identified
depth, temperature, and dissolved oxygen as key factors (Saeedi et al.,
2020; Saeedi et al., 2022b). We therefore expect similar patterns for
crustacean biodiversity in the NWP. If this holds true, the impacts of the
anthropogenic climate change on the marine realm would result in
major consequences for crustacean distribution and diversity in the
NWP.

2. Material and methods
2.1. Data extraction and cleaning

The considered study area for this research included all of the NWP
between latitudes of 0 to 65° N and longitudes between 100 and 180° E.
This includes the extensive high sea areas in the southeast of the NWP (<
30° latitude, > 130° longitude) and several marginal seas such as the Sea
of Okhotsk, Sea of Japan, East China Sea, South China Sea and Philip-
pine Sea. The vast majority of occurrence records used for this study
were extracted from OBIS (portal.obis.org; Grassle, 2000) and GBIF
(GBIF.org, 2021), and comprised data of selected crustacean taxa
(Thecostraca, Ostracoda, Copepoda, Malacostraca excl. Syncarida).
Additional occurrence records of crustacean taxa from the recent deep-
sea expedition SO-249 in the Bering Sea (available upon request; Werner
et al., 2016) were added to the dataset as well.

The resulting dataset was quality controlled and invalid data were
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removed or cleaned in R 4.1.1 (R Core Team, 2021) using the packages
“tidyverse” (Wickham et al., 2019), “scrubr” (Chamberlain, 2021) and
“obistools” (Provoost and Bosch, 2021). The cleaning process followed
Saeedi et al. (2020) by removing records that (i) lacked occurrence
geographic coordinates, (ii) were duplicated, (iii) were fossil records,
(iv) had coordinate uncertainties exceeding 100 km, and (v) were
located on land. All taxa names within the datasets were matched
against the World Register of Marine Species (WoRMS; WoRMS Editorial
Board, 2021) and excluded if they were not accepted or unified in the
case of synonymous names.

In addition, each taxon was as assigned to either benthic (i.e., bottom
dwelling or demersal/bottom-associated) or pelagic, as inferred from
their WoRMS and Encyclopaedia of Life (EoL; Wilson, 2003) database
entries. Dubious records (e.g., family level known only) were excluded
from analyses involving benthic and pelagic taxa if a distinct lifestyle
could not be determined. Our dataset also featured multiple parasitic
crustacean taxa. Whether these belong to the benthic or the pelagic
lifestyle group was decided based on their specific host taxa, following
WoRMS. Crustaceans are also known to change their lifestyle
throughout their development (e.g., pelagic larvae and benthic adults).
Most crustacean records in our dataset lacked information on whether
the record represents a larva or an adult. We therefore considered the
lifestyle of specimens with unclear development stage, based on their
adult lifeform. This way they did not get excluded from our analyses.
Most occurrence records also lacked depth information, and the depth
information for benthic taxa were therefore extracted from the
maximum water depth of the depth layer of the General Bathymetric
Chart of the Oceans (GEBCO Compilation Group, 2021). Because accu-
rate depth information could not be retrieved for pelagic taxa, any
depth-related analysis for these taxa was impossible. For the remaining
taxa, we chose a depth threshold of 500 m following the World Register
of Deep-Sea Species (WoRDSS, Glover et al., 2022; Thistle, 2003) to
distinguish between shallow-water and deep-sea taxa.

In the final dataset, all occurrence records were analyzed to measure
the sampling effort and abundance, but for species richness analyses,
analyses were done at species-level only.

To evaluate the influence of environmental variables on crustacean
biodiversity patterns nine environmental factors (both for benthic and
pelagic crustaceans) were extracted from Bio-ORACLE (bio-oracle.org)
from the surface (i.e., pelagic) and benthic layers (Assis et al., 2018;
Tyberghein et al., 2012). These layers comprised average temperature
(°QC), salinity (PSS), dissolved oxygen (mol m’3), current velocity (m’l),
primary productivity (g m~2 day™1), nitrate (mol m~3), phosphate (mol
m’e'), silicate (mol m’3), pH (surface only) and light at bottom (benthic
only).

2.2. Data analysis

Subsequent analyses of the cleaned dataset and its subsets were
performed in R 4.1.1 according to the approach of Saeedi et al. (2019a).
The R packages “tidyverse”, “openxlsx” (Schauberger and Walker,
2021), “MASS” (Venables and Ripley, 2002) and “sf” (Pebesma, 2018)
provided tools for importing, cleaning, manipulating and plotting the
data. The study area was divided into equal-sized hexagons (Fig. 1;
approximately 700,000 km? per hexagon cell). We further ran the
biodiversity analyses against 5° latitudinal bands and 500 m depth in-
tervals to study distribution patterns across latitudinal and bathymetric
gradients. For each hexagon cell, 5° latitudinal band and 500 m depth
interval three different measurements of biodiversity estimation were
calculated including: (i) sampling effort (number of distribution re-
cords), (ii) species richness (total number of species), and (iii) expected
rarefied species richness (ES50), which calculates species richness under
consideration of sampling effort. Rarefaction ES50 is done by randomly
selecting 50 samples from the available datasets (here: per hexagon,
latitudinal band, depth interval) multiple times and subsequently
calculating the mean number of species per 50 occurrence records.
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Because multiple hexagons comprised solely single-digit records, we
tested multiple ES thresholds, yet ultimately decided to use ES50 as the
minimum of each samples were just >50 samples. Therefore, low ES50
values remain an artifact of low record numbers rather than actual low
biodiversity. Nonetheless, ES50 proved helpful in negating the effects of
heavily sampled hexagons to provide a more comparable measure of
marine crustacean biodiversity. To calculate ES50 and rarefaction
curves the R package “vegan” (Oksanen et al., 2020) was used. These
calculations also included records from higher taxonomic ranks other
than species level, as based on the records alone we are unable to
confirm or deny that these records represent duplicates of potential
species records that belong to the same higher taxonomic rank.

To identify potential correlations between environmental variables
and crustacean biodiversity measurements in the NWP the R package
“corrplot” (Wei and Simko, 2021) was used. This required extracting
environmental data from the multiple Bio-ORACLE layers per each
occurrence record and calculating the average of each environmental
variable per hexagon, which was done in QGIS 3.16 (QGIS.org, 2020).
Afterwards, these environmental values were interrelated with each
hexagon’s calculated biodiversity measurements using Spearman cor-
relation matrices. We considered the alpha species richness as species
richness per hexagon cell, and gamma species richness as species rich-
ness per 5° latitudinal band following Saeedi et al. (2019a).

3. Results
3.1. Dataset composition

The final dataset comprised 21,694 occurrence records of 2015 deep-
sea crustacean taxa. Around 72% of these records were at species level
and represented 1613 species in total. The remaining dataset comprised
18% of genus level records, 3% of family level records, 5% of order level
records and 2% of class level records. Within the dataset, the most re-
cords belonged to Malacostraca (42.8%), followed by Copepoda
(41.6%), Ostracoda (15.4%), and Thecostraca (0.2%) (Table 1).

3.2. Distribution and diversity

The NWP high seas was characterized by low to non-existing levels of
sampling effort (Fig. 1; Fig. A1-A3). Higher levels of sampling effort for
benthic crustaceans of 976 and 1412 records respectively were found in
the hexagons around the Korean peninsula and the South China Sea,
which were mainly related to shallow-water taxa (see Fig. A2). As for
pelagic crustaceans, 47% of all the pelagic crustacean records stem from
a single hexagon located off the eastern coast of Honshu, Japan, while
being low (< 1148 records) in all other hexagons in the NWP.

Species richness was generally higher in coastal areas and marginal
seas rather than in the high seas of the NWP (Fig. 1). For benthic crus-
taceans, the species richness hotspots were located in the South and East
China Sea, the Yellow Sea, around the Philippines and Japan as well as
Kurile Islands. The hotspot around the Kurile Islands primarily com-
prises deep-sea benthic taxa, as visible in Fig. A3. On the contrary,
pelagic species richness reached a maximum of 199 species in the open
NWP off the Japanese islands but was generally elevated around Japan
(91-135 species).

ES50 for benthic crustaceans was particularly high in coastal areas
and marginal seas around the Philippines, Japan and the Kuril Islands.
While shallow-water benthic taxa peaked at all these hotspots (see
Fig. A2), the expected species richness of deep-sea benthic taxa was
especially increased around the Kurile Islands and Japan between 30
and 60° latitude (Fig. A3). As for pelagic crustaceans, ES50 was espe-
cially high around Japan, the Philippines, and adjacent marginal seas
such as the East and South China Sea or the Sea of Japan. It is note-
worthy, that ES50-values in pelagic crustacean remained low - in
comparison with benthic crustaceans — in the northernmost parts of the
NWP and the Sea of Okhotsk beyond 45° latitude (Fig. 1).
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Fig. 1. Biodiversity patterns of benthic and pelagic crustaceans in the NWP. Sampling effort (number of distribution records), alpha species richness (number of
species per hexagon) and ES50 (expected number of species) of benthic (n = 6939) and pelagic crustaceans (n = 8612) in the NWP is visualized per hexagonal cells
(700,000 km? per cell). Areas without colouring had zero values. Lower counts of coloured grid cells in species richness and expected species richness than in

sampling effort are caused by distribution records that lack taxonomic identification to species level.

Table 1

Taxonomic composition of the NWP crustacean dataset. Composition and
percental share of crustacean (sub)classes and orders within the crustacean
dataset of the NWP. The dataset comprises 21,694 occurrence records of 2015
taxa from the crustacean Thecostraca, Ostracoda, Copepoda and Malacostraca
excl. Syncarida as extracted from OBIS and GBIF. Additional records stem from a
crustacean dataset from the Bering Sea (Knauber et al., in preparation). NA
denotes cases in which an order was not given for the respective records.

(Sub-)Class Order Number of % of % of (sub-)
records dataset class
Copepoda 9024 41.6%
Calanoida 6937 76.9%
Cyclopoida 1916 21.2%
Harpacticoida 168 1.9%
Monstrilloida 1 0.0%
Siphonostomatoida 2 0.0%
Malacostraca 9286 42.8%
Amphipoda 2576 27.7%
Cumacea 642 6.9%
Decapoda 1250 13.5%
Isopoda 2331 25.1%
Leptostraca 39 0.4%
Lophogastrida 66 0.7%
Mysida 403 4.3%
Stomatopoda 1876 20.2%
Tanaidacea 103 1.1%
Ostracoda 3339 15.4%
Halocyprida 1328 39.8%
Myodocopida 308 9.2%
Platycopina 34 1.0%
Podocopida 1194 35.8%
NA 475 14.2%
Thecostraca 45 0.2%
Balanomorpha 29 64.4%
Scalpellomorpha 14 31.1%
Incertae sedis 2 4.4%

3.3. Bathymetric and latitudinal gradients

Sampling effort and gamma species richness were higher in benthic
crustaceans than in pelagic crustaceans across most of the NWPs lat-
itudinal gradient (Fig. 2A and B). Pelagic sampling effort and gamma
species richness was highest around latitudes 30-45° (5253 records
between latitudes 35-40°), where it also exceeded benthic biodiversity
measurement levels. The rarefaction curves highlighted, that pelagic
species richness around these latitudes is almost fully inventoried, while
benthic species richness was recorded constantly across the latitudinal
gradient (Fig. A4).

Towards higher latitudes both sampling effort and gamma species
richness of benthic and pelagic crustacean taxa declined (Fig. 2A and B).
Despite lower sampling effort of pelagic taxa at lower latitudes (5° —
25°), ES50 stayed constant between 30 and 42. Benthic sampling effort
and gamma species richness declined at latitude 30° and < 10°. A
decline of ES50 at higher latitudes was observable for crustaceans in
general (Fig. AS5), yet especially pronounced in pelagic crustaceans
declining beyond 30° latitude already (Fig. 2D). On the contrary,
benthic ES50 reached high levels of ES50 (> 30) across most latitudes
and solely declined at latitudes 60° and beyond (Fig. 2C), which is
especially caused by the deep-sea fraction of benthic taxa (< 11, see
Fig. A6).

Most benthic distribution records belonged to shallow waters above
500 m depth (63.4%, Fig. 3A). The remaining 36.6% of benthic deep-sea
records exhibited an overall decline with increasing depth with a sudden
increase at the NWP maximum depths around 10,500-11,000 m.

Another peak in number of records (n = 1047) became apparent around
5000-5500 m.

In accordance with high benthic sampling effort at shallow depths,
species richness also peaked at shallow-water depths of 0-500 m with
over 800 recorded species (Fig. 3B), exceeding rarefaction species
richness at other deep-sea depth intervals by a large margin (Fig. A7).
Species richness of benthic fauna declined significantly with depth and
remained low down to 5000-5500 m, where elevated species number
were registered. From there on species richness rapidly declines again
with increasing depth. The same patterns arise for ES50 with two peaks
at shallow-water depths and around 4500-6000 m followed by a rapid
decline in ES50 at hadal depths below 6000 m (Fig. 3C).

3.4. Community composition

In the final dataset, 45.8% of the distribution records represented
benthic records, 48.6% were classified as pelagic, and 5.6% could not be
assigned to any lifestyle due to low taxonomic accuracy (Fig. 4). The
largest number of pelagic records belonged to Copepoda (85.6%), fol-
lowed by Ostracoda (12.1%), and Malacostraca (1.9%). However, Mal-
acostraca were the most dominant benthic taxa (83.5%) among all other
benthic fauna, followed by Ostracoda (15.9%). Thecostraca and Cope-
poda had the minimum contribution to the benthic fauna (both <1%).

Malacostraca and Ostracoda exhibited a latitudinal distribution
pattern with two peaks at 20° and 40° as well as around 10° and 40°
latitude, respectively (Fig. 5). While Hexanauplia were found at all
latitudes of the NWP, they were especially abundant around 40° lati-
tude. Malacostraca, Ostracoda and Hexanauplia exhibited a distinct dip
around 25-30°. However, thecostracan crustaceans peaked in their
abundance around these latitudes yet declined below and above these
middle latitudes. An overview about the latitudinal abundance patterns
of all analyzed crustacean orders is provided in Figs. A8 and A9.

Based on benthic crustacean taxa, abundance distributions across a
bathymetric gradient showed that Malacostraca, Ostracoda, and The-
costraca reached highest densities at shallow-water depths above 500 m
(Fig. 6). Only Malacostraca and Ostracoda exhibited a depth distribution
that reaches down to hadal depths of up to 11,000 m and further
featured another abundance increase around 5000 m depth. Thecos-
traca, in turn, were almost absent from abyssal depths already. The
malacostracan and ostracodan orders responsible for this increase at
abyssal depths are Isopoda, Tanaidacea as well as Halocyprida (see
Figs. A10 and Al11).

3.5. Environmental correlation

Sampling effort, species richness, and ES50 of NWP crustaceans were
overall significantly positively correlated with one another in both the
benthic and pelagic dataset on a 5% confidence level respectively
(Fig. 7). In addition, the correlation analysis revealed multiple signifi-
cantly co-variating environmental variables, e.g., light, depth, salinity
and productivity in the benthic dataset (Fig. 7A) or dissolved oxygen and
temperature in the pelagic dataset (Fig. 7B). Overall, correlations be-
tween biodiversity measurements and environmental factors were
stronger for benthic than pelagic taxa. Within the pelagic crustacean
dataset significant correlations between biodiversity measurements and
environmental variables were restricted to a weak to intermediate
positive correlation (0.23-0.49) with productivity and a weak to non-
existent correlation with current velocity (—0.1-0.13, Fig. 7B). Most
correlations between pelagic biodiversity measurements and environ-
mental variables not only proved weak to non-existent but were also not
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significant on a 5% significance level.

For benthic taxa, temperature, primary productivity, and light at
bottom revealed intermediate positive correlation levels with the three
biodiversity measurements, ranging between 0.46 and 0.64 (Fig. 7A) on
a 5% significance level. On the contrary, nitrate, phosphate and silicate
exhibited weak negative correlations with benthic biodiversity mea-
surements. Salinity and depth were the environmental variables with the
strongest negative correlations with biodiversity measurements, ranging
between —0.45 and — 0.54 for depth and — 0.54 and — 0.66 for salinity,
but for the latter only the correlation to species richness was significant.
The correlation matrices of shallow-water and deep-sea benthic di-
versity patterns against the same environmental variables resulted in
much milder and less significant correlations for deep-sea than for
shallow-water biodiversity (Fig. A12). Splitting benthic biodiversity
into shallow-water and deep-sea biodiversity for the correlation ana-
lyses highlights, that all significant correlations from the benthic dataset
and overall correlation trends are caused by shallow-water rather than
deep-sea crustacean records. Within the deep-sea benthic crustacean
dataset, the same correlation trends exist — except for nitrate, phosphate
and silicate — but on a much weaker and non-significant level.

4. Discussion

This study provides a first overview on the previously unknown, yet
surprisingly complex biodiversity patterns of crustaceans in the NWP
across latitude and depth. While we could not analyse pelagic biodi-
versity patterns across a bathymetric gradient due to insufficient data
coverage and depth information, benthic species richness was charac-
terized by two distinct peaks in their bathymetric distribution at
shallow-water depths and greater abyssal depths (Fig. 3). This finding
contradicts other studies that found an overall decline in species richness
with increasing depth (Costello and Chaudhary, 2017). Our findings
revealed differences in the biodiversity and distribution patterns of
benthic and pelagic crustaceans in the NWP: while expected pelagic
species richness overall declined across the latitudinal gradient, after a
peak around 30° latitude, expected benthic species richness remained at
high levels across most of the latitudinal gradients and peaked at higher
latitudes of 45-50° compared to the pelagic taxa (Fig. 2). These differ-
ences coincided with the respective hotspots of expected crustacean
species richness found here, that — contrary to our initial hypothesis —
extended beyond the tropics.

4.1. Biodiversity patterns

As hypothesized, we were able to identify hotspots of crustacean
species richness for benthic and pelagic crustaceans around the
Philippines (Fig. 1), thus confirming previously detected patterns of high
marine species richness at tropical latitudes (e.g., Saeedi et al., 2019a;
Saeedi et al., 2022a). The Philippine Sea is located within the Coral
triangle which in turn represents the most species rich area in the world
ocean (Renema et al., 2008) for many marine taxa (e.g., Asaad et al.,
2017; Carpenter and Springer, 2005; Fautin et al., 2013; Kerswell, 2006;
Saeedi et al., 2017).

Surprisingly, crustacean species richness also peaked at higher lati-
tudes in the NWP — namely around the Japanese islands (benthic and
pelagic) as well as the Kurile islands and the Kamchatka peninsula
(primarily benthic). A comparable study identified the Japanese islands
as hotspot for algal genera diversity too (Kerswell, 2006), which could
hint at a more favourable food availability.

Overall, crustacean species richness hotspots were mainly located in
minor coastal regions rather than the vast offshore NWP. An explanation
for these patterns might be found in the degree of scientific exploration
these particular coastal regions have been exposed to in the last decades
(Brandt, 2016; Brandt et al., 2010; Brandt and Malyutina, 2015;
Malyutina et al., 2018; Shirshov, 1983; Tadokoro, 2021), as opposed to
large fractions of the vast NWP’s high seas remaining poorly sampled
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and consequently crustacean species composition being poorly under-
stood and known (Fig. 1). In addition, large areas of continental shelf
(coastal zones) in the NWP might provide the necessary habitat and
productivity for crustacean taxa, complementing the findings of Saeedi
et al. (2017). However, further research is required to identify why this
proxy of available habitat influences species richness.

Outliers in sampling effort were located in two hexagons within the
NWP and can be ascribed to single datasets: (i) the National Compre-
hensive Oceanographic Survey (available online: http://ipt.iobis.org
/seaobis/) crustacean dataset which surveyed benthic crustaceans in
the waters around the Hainan Island province in southern China and (ii)
research cruises of the Japan Fisheries and Education Agency (FRA) off
the east coast of Japan (Kuroshio-Oyashio transition zone) that inves-
tigated zooplankton over multiple decades (Tadokoro, 2021). Despite
accounting for sampling bias by utilization of ES50, the FRA-dataset
records heavily influenced abundance and composition calculations in
later analyses (Figs. 2A and 5, Figs. A4B and A9). Another potential bias
in the data used as framework for this study represents the different
gears and their respective biases with which crustaceans were samples in
the NWP. The meta-data of crustacean records were very limited in this
regard and therefore neglected for this study, yet should be kept in mind

when looking at peaks or troughs in biodiversity data. This underlines
again that sampling bias and effort must be considered when investi-
gating large-scale marine biodiversity patterns.

4.2. Bathymetric and latitudinal gradients

Given the poor quantity and quality of depth records for crustacean
records, pelagic crustaceans could not be analyzed with our approach
and their bathymetric distribution patterns thus remain unknown. We
can only hypothesize, that most of the pelagic crustacean taxa analyzed
in this study might be bound to shallow water and upper bathyal depths
as previous studies on copepods, who make up the majority of the
pelagic crustaceans, have shown (Bode et al., 2018; de Dias et al., 2018).

Regardless, we observed a pattern with two separate peaks in benthic
crustacean species richness with depth (Fig. 3), contrasting the unim-
odal decline in species richness with depths as found in other studies
(Costello and Chaudhary, 2017; Danovaro et al., 2010; Rosa et al., 2012;
Saeedi et al., 2019a). Most crustacean orders were especially abundant
and speciose in shallow waters yet declined with increasing depth
(Figs. A10 and A11). However, some taxa were present throughout
bathyal and abyssal depths, ultimately causing another peak in benthic


http://ipt.iobis.org/seaobis/
http://ipt.iobis.org/seaobis/

H. Knauber et al.

-3000

-6000

Depth [m]

-9000

Journal of Sea Research 191 (2023) 102332

Fig. 6. Abundance of benthic crustacean classes in the NWP across a bathymetric gradient. For readability each of these violin plots possesses the same
maximum width, which in turn means no informative conclusions regarding comparisons of abundance across (sub-)classes is possible. The median of each plot is

highlighted by a white dot.

species richness at greater abyssal depths. These taxa comprise various
crustacean orders of the Malacostraca and Ostracoda such as Cumacea,
Halocyprida, Leptostraca and Podocopida. Other crustacean orders like
Isopoda and Tanaidacea comprise taxa that represent typical and spe-
ciose deep-sea inhabitants (Blazewicz-Paszkowycz et al., 2012; Raupach
et al., 2004) and thus remain at least as speciose in deep-sea waters as
they are in shallow waters. The visible decline in species richness for
crustaceans at hadal depths (Fig. 3) is most likely caused by a combi-
nation of sampling bias as well as the scarce food availability that occurs
in the hadal, resulting in low species numbers of specialized taxa in these
depths.

Rex et al. (2006) found variating patterns of standing stock decrease
in different deep-sea biota size classes with depths, which adds an aspect
we did not consider in our approach: differences in body size across
crustacean taxa could result in different responses to abiotic factors such
as depth, food availability and productivity and thus aid in under-
standing crustacean biodiversity patterns even better.

The overall species richness pattern of pelagic crustaceans across the
latitudinal gradient of the NWP (Figs. 2B and D) aligns with findings of
previous studies on copepods, gastropods and sponges (Chaudhary et al.,
2016; Rombouts et al., 2009). Possible explanations for a decline in
species richness at higher latitudes may at least be partly caused by the
reduced amount of ocean surface within our study area in comparison to
its lower latitudes (compare Fig. 1). While this ultimately results in a
lower amount of occurrence records, northernmost regions such as the
Bering Sea are poorly sampled in general (< 500 records in our dataset).
Another potential factor are downward shifts in water temperature and
salinity with increasing latitude, which exhibited a negative correlation
for pelagic crustacean species richness to a weak degree (Fig. 7B),
contrasting the positive correlation between temperature and copepod
diversity Rombouts et al. (2009) reported.

Interestingly, this latitudinal pattern did not apply to benthic crus-
taceans, whose biodiversity patterns were more evenly distributed
across the latitudinal gradient and peaked around 45° latitude (Figs. 2B
and C). Hillebrand (2004) found a similar imbalance pattern between
benthic and pelagic latitudinal gradients, with the latter being stronger.
Elevated levels of biodiversity at higher latitudes were previously esti-
mated for marine taxa in general as well as reported in sea anemones,
red algae and the also herein analyzed amphipods (Chaudhary et al.,
2016; Fautin et al., 2013). Thus, the apparent differences between

benthic and pelagic biodiversity patterns became particularly noticeable
at higher latitudes: even in the Sea of Okhotsk and alongside the Kurile
Kamchatka Trench ES50 reached high values for benthic crustaceans yet
declined for pelagic taxa. These differences might be caused by high
levels of benthic species richness in the deep sea, as the latitudinal
gradient for deep-sea benthos was less steep than for shallow-water
benthos (Fig. A6), which coincides with the findings of Hillebrand
(2004). Within a temperature-wise relatively stable deep sea, benthic
crustacean fauna inhabiting the heterogeneous ocean floor of the NWP
underlies other environmental drivers as the — hypothesized — shallow
water pelagic crustaceans. Such factors range from sedimentation rates,
current regimes and consequently habitat heterogeneity (Bellwood
et al., 2005; Renema et al., 2008; Riehl et al., 2020b) to limiting factors
such as food availability, especially in the deep sea (Golovan et al., 2019;
Woolley et al., 2016). Strong bathymetrical gradients formed by hadal
trenches and island ridges across a comparably small area might provide
the ecological foundation for a speciose benthic crustacean community
despite an otherwise environmentally stable deep sea (Ramirez-Llodra
et al., 2010).

The absence of several crustacean taxa beyond latitudes of 40° such
as the malacostracan Stomatopoda, the copepod order Siphon-
ostomatoida, and the ostracod order Platycopina contrasts the distri-
bution of most crustacean taxa across the whole latitudinal gradient of
the NWP (Fig. 5, Figs. A8 and A9). While we cannot rule out that these
findings are ultimately caused by sampling bias further investigations on
these taxa might provide further context on their distribution patterns.
Nevertheless, as these taxa represent a diverse taxa, we do not expect
that their distribution patterns can be ascribed to their lifestyle and
morphology alone.

4.3. Environmental correlation

Following the trend of strong differences in biodiversity patterns of
benthic and pelagic crustaceans, we also found little consensus in the
correlation of environmental variables with these patterns across both
lifestyles (Fig. 7). While multiple environmental variables showed sig-
nificant correlation patterns with benthic crustacean abundance and
species richness, there was almost no significant environmental variable
that could explain the observed pelagic crustacean biodiversity patterns.
Based on our findings, one could assume that low nutrient levels
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Fig. 7. Correlation matrices of environmental factors in the NWP and
biodiversity measurements of benthic (A) and pelagic (B) crustaceans.
Benthic and pelagic crustaceans were tested against different sets of environ-
mental variables from Bio-ORACLE (bottom and surface) using Spearman cor-
relation to accommodate for their different lifestyles. Correlation scores marked
with an asterix were significant on a 5% confidence level. Significant positive
correlations for benthic crustacean biodiversity measurements were found for
light, productivity, and temperature whilst depth, nitrate, phosphate, salinity,
and silicate were negatively correlated. For pelagic biodiversity measurements
significant correlations were restricted to productivity (weak positive) and
current velocity (low positive and negative).

(nitrate, phosphate, silicate) and salinity as well as higher levels of
temperature, productivity, and light and low levels of seem to drive
benthic crustacean biodiversity — especially at shallow-water depths.
High levels of crustacean diversity and their apparently strong correla-
tion to primary productivity underline how marine biodiversity benefits
from nutrient-rich regions of the World Ocean such as the NWP. Espe-
cially within the deep-sea realm, previous studies identified food
availability as one of the key restricting factors, as the deep sea lacks
sources of primary production (Golovan et al., 2019; Woolley et al.,
2016). However, our environmental correlation analysis showed no
significant correlation with productivity with deep-sea benthic crusta-
cean species richness.
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Identifying the environmental causes for observable marine biodi-
versity patterns often results in temperature being one of the key envi-
ronmental drivers (Costello and Chaudhary, 2017; Rombouts et al.,
2009; Saeedi et al., 2019a). The positive correlation between tempera-
ture and benthic crustacean biodiversity we recorded, especially at
shallow water depths, thus coincides with the findings of previous
studies (Saeedi et al., 2017; Tittensor et al., 2010). However, this did not
apply to pelagic crustacean biodiversity patterns, as we could not
retrieve any significant correlations between temperature and biodi-
versity. Other studies reported positive relationships between temper-
ature and shallow water biodiversity in general and pelagic copepod
crustaceans more specifically (Rombouts et al., 2009; Saeedi et al.,
2017).

Overall, the weaker environmental correlations for pelagic and deep-
sea benthic crustaceans might hint at flaws in our methodological
approach yet could also be caused by missing other abiotic factors with
higher relevance in our study design. Saeedi et al. (2019a) pointed out,
that high spatial heterogeneity within each hexagon (e.g., depth) may
also cause poor correlations between species richness and environ-
mental conditions. Many of the cconsidered environmental variables
exhibited significant correlations with one another, hinting at co-
variation. Therefore it seems more plausible to consider multiple, if
not all, of the environmental variables together, rather than individu-
ally, to increase the certainty in potential findings on the relationship
between abiotic factors and marine biodiversity patterns, especially at
regional and local geographical scales. Nonetheless, we believe that the
stronger, significant correlations we did find with our approach such as
primary productivity, salinity and temperature do offer a valuable pri-
mary insight into the environmental drivers for crustacean biodiversity
in the NWP, despite being complete.

4.4. Conclusion

Although it’s far from being fully inventoried or understood, the
crustacean diversity and distribution in the NWP is summarized for the
first time in this study and offers a foundation for future endeavours in
uncovering the biodiversity patterns of marine crustaceans, and how
they might respond to future climate changes by potential distribution
range shifts. This is crucial for evaluating and designing conservation
strategies such as the establishment of marine protected areas — espe-
cially in times of anthropogenic climate change, where shifts in biodi-
versity patterns are likely.

Our study highlights the complexity of crustacean biodiversity pat-
terns in the NWP formed along bathymetric and latitudinal gradients
and the environmental factors that shape these patterns. However, these
patterns are also heavily influenced by the lifestyle of these crustaceans
(compare Saeedi et al., 2022a), which became apparent by strong dif-
ferences between benthic and pelagic biodiversity patterns in our study.
It is therefore necessary to incorporate the crustacean biology,
comprising factors such as given lifestyle adaptations (pelagic, epi-
benthic, infaunal), larval development (sessile brooders, pelagic dis-
persers), body size, physiology, and motility (swimming, walking,
digging) characteristic when analysing such a diverse faunal group.
Consequently, many crustacean taxa possess distinct distribution pat-
terns, highlighting that biodiversity patterns not only differ between
global, regional and local scales but also at taxon level. Therefore,
additional research on specific crustacean taxa under consideration of
their characteristics (e.g., Rombouts et al., 2009; Saeedi et al., 2022a) is
necessary to complement the bigger picture outlined by our approach.

Given the detected differences between shallow-water and deep-sea
benthic diversity patterns as well as their environmental causes, we need
to rethink where high levels of biodiversity could occur in the 3D marine
realm. This requires considering latitude and depth together in a joint
approach rather than independently to properly detect potential dif-
ferences between shallow-water and deep-sea biodiversity.



H. Knauber et al.
Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

The dataset of additional occurrence records from the SO-249
expedition in the Bering Sea is planned to be shared via OBIS and
GBIF soon. Meanwhile all the R codes and dataset is available upon
request.

Acknowledgements

This paper is part of the “Biogeography of the Northwest Pacific
deep-sea fauna and their possible future invasions into the Arctic
Ocean”-Project (BENEFICIAL)”. The BENEFICIAL-Project and Beneficial
Synthesis project were supported by the Federal Ministry for Education
and Research (BMBF: Bundesministerium fiir Bildung und Forschung) in
Germany [grant numbers 03F0780A, 03F0833A]. The BERING project
which provided additional crustacean records for this research were
supported by the BMBF [grant 030G249A], the GEOMAR Helmholtz
Centre for Ocean Research Kiel and the Museum fiir Naturkunde Berlin.

We want to thank everyone who contributed to collecting, identi-
fying, storing and sharing crustacean samples from the NWP, as these
data represent the foundation on which we built this study. The authors
also thank Prof. Dr. Carsten Liiter and Dr. Reinhard Werner for providing
the data and samples from the BERING project.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.seares.2022.102332.

References

Abram, N., Gattuso, J.-P., Prakash, A., Cheng, L., Chidichimo, M.P., Enomoto, H.,
Garschagen, M., Gruber, N., Harper, S., Holland, E., Kudela, R.M., Rice, J.,

Steffen, K., von Schuckmann, K., 2019. Framing and context of the report. In:
Portner, H.-O., Roberts, D.C., Masson-Delmotte, V., Zhai, P., Tignor, M.,
Poloczanska, E., Mintenbeck, K., Alegria, A., Nicolai, M., Okem, A., Petzold, J.,
Rama, B., Weyer, N.M. (Eds.), IPCC Special Report on the Ocean and Cryosphere in a
Changing Climate. Cambridge University Press, Cambridge, UK and New York, NY,
USA, pp. 73-129. https://doi.org/10.1017/9781009157964.003.

Asaad, 1., Lundquist, C.J., Erdmann, M.V., Costello, M.J., 2017. Ecological criteria to
identify areas for biodiversity conservation. Biol. Conserv. SI:Measure. Biodiv. 213,
309-316. https://doi.org/10.1016/j.biocon.2016.10.007.

Assis, J., Tyberghein, L., Bosch, S., Verbruggen, H., Serrao, E.A., De Clerck, O., 2018. Bio-
ORACLE v2.0: extending marine data layers for bioclimatic modelling. Glob. Ecol.
Biogeogr. 27, 277-284. https://doi.org/10.1111/geb.12693.

Bar-On, Y.M., Phillips, R., Milo, R., 2018. The biomass distribution on earth. Proc. Natl.
Acad. Sci. 115, 6506-6511. https://doi.org/10.1073/pnas.1711842115.

Bellwood, D.R., Hughes, T.P., Connolly, S.R., Tanner, J., 2005. Environmental and
geometric constraints on indo-Pacific coral reef biodiversity. Ecol. Lett. 8, 643-651.
https://doi.org/10.1111/j.1461-0248.2005.00763.x.

Belyaev, G.M., 1983. Investigation of ultraabyssal fauna, in: Research Vessel “Vitjaz” and
her expeditions 1949-1979. Nauka Publishing House, USSR Academy of Sciences. P.
P. Shirshov Institute of Oceanography, Moscow, pp. 258-267.

Belyaev, G.M., 1989. Deep-Sea Ocean Trenches and their Fauna. Nauka, Moskva.

Birstein, J.A., 1963. Deep water isopods (Crustacea, Isopoda) of the north-western part of
the Pacific Ocean, proceedings of the Institute of Oceanology. In: Nauka Publishing
House, USSR Academy of Sciences. Shirshov Institute of Oceanography, Moscow, P.
P.

Birstein, J.A., 1970. New crustacea isopoda from the Kuril-Kamchatka trench. In: Fauna
of the Kurile-Kamchatka Trench and its environment, pp. 308-356.

Birstein, J.A., 1971. Additions to the fauna of isopods (Crustacea: Isopoda) of the Kuril-
Kamchatka Trench. Part 2. Asellota-2. Trudy Instituta Okeanologii Akademiya Nauk
SSR 162-238.

Blazewicz-Paszkowycz, M., Bamber, R., Anderson, G., 2012. Diversity of Tanaidacea
(Crustacea: Peracarida) in the World’s oceans — how far have we come? PLoS One 7,
€33068. https://doi.org/10.1371/journal.pone.0033068.

Bode, M., Hagen, W., Cornils, A., Kaiser, P., Auel, H., 2018. Copepod distribution and
biodiversity patterns from the surface to the deep sea along a latitudinal transect in

11

Journal of Sea Research 191 (2023) 102332

the eastern Atlantic Ocean (24°N to 21°S). Prog. Oceanogr. 161, 66-77. https://doi.
org/10.1016/j.pocean.2018.01.010.

Brandt, A., 2016. Kuril Kamchatka Biodiversity Studies II - RV Sonne SO250,
Tomakomai-Yokohama (Japan), 16.08.-26.09.2016 (Cruise report). University of
Hamburg, Hamburg, Germany.

Brandt, A., Malyutina, M.V., 2015. The German-Russian deep-sea expedition KuramBio
(Kurile Kamchatka biodiversity studies) on board of the RV Sonne in 2012 following
the footsteps of the legendary expeditions with RV Vityaz. Deep-Sea Res. II Top.
Stud. Oceanogr. 111, 1-9. https://doi.org/10.1016/j.dsr2.2014.11.001.

Brandt, A., Malyutina, M., Majorova, N., Bashmanov, A., Brenke, N., Chizhova, T.,
Elsner, N., Golovan, O., Gocke, C., Kaplunenko, D., 2010. The Russian-German Deep-
Sea Expedition (SoJaBio) to the Sea of Japan Onboard the R/V Akademik Lavrentyev
(Cruise Report). Vladivostok, Russia.

Brown, J.H., 2013. Why are there so many species in the tropics? J. Biogeogr. 41, 8-22.
https://doi.org/10.1111/jbi.12228.

Carpenter, K.E., Springer, V.G., 2005. The center of the center of marine shore fish
biodiversity: the Philippine Islands. Environ. Biol. Fish 72, 467-480. https://doi.
org/10.1007/5s10641-004-3154-4.

Chamberlain, S., 2021. scrubr: Clean Biological Occurence Records.

Chaudhary, C., Saeedi, H., Costello, M.J., 2016. Bimodality of latitudinal gradients in
marine species richness. Trends Ecol. Evol. 31, 670-676. https://doi.org/10.1016/j.
tree.2016.06.001.

Colwell, R.K., Rahbek, C., Gotelli, N.J., 2004. The mid-domain effect and species richness
patterns: what have we learned so far? Am. Nat. 163, E1-E23. https://doi.org/
10.1086/382056.

Costello, M.J., Chaudhary, C., 2017. Marine biodiversity, biogeography, Deep-Sea
gradients, and conservation. Curr. Biol. 27, R511-R527. https://doi.org/10.1016/].
cub.2017.04.060.

Danovaro, R., Company, J.B., Corinaldesi, C., D’Onghia, G., Galil, B., Gambi, C.,
Gooday, A.J., Lampadariou, N., Luna, G.M., Morigi, C., Olu, K., Polymenakou, P.,
Ramirez-Llodra, E., Sabbatini, A., Sarda, F., Sibuet, M., Tselepides, A., 2010. Deep-
Sea biodiversity in the Mediterranean Sea: the known, the unknown, and the
unknowable. PLoS One 5, e11832. https://doi.org/10.1371/journal.pone.0011832.

de Dias, C.O., de Araujo, A.V., Bonecker, S.L.C., 2018. Vertical distribution and structure
of copepod (Arthropoda: Copepoda) assemblages in two different seasons down to
1,200 m in the tropical Southwestern Atlantic. Zoologia 35, 1-11. https://doi.org/
10.3897/zoologia.35.e13886.

Erwin, D.H., 2009. Climate as a driver of evolutionary change. Curr. Biol. 19,
R575-R583. https://doi.org/10.1016/j.cub.2009.05.047.

Fautin, D.G., Malarky, L., Soberdn, J., 2013. Latitudinal diversity of sea anemones
(Cnidaria: Actiniaria). Biol. Bull. 224, 89-98. https://doi.org/10.1086/
BBLv224n2p89.

GBIF.org, 2021. Global Biodiversity Information Facility [WWW Document]. Global
Biodiversity Information Facility. URL. https://www.gbif.org.

GEBCO Compilation Group, 2021. GEBCO 2021 Grid.

Glover, A.G., Higgs, N., Horton, T., 2022. World register of Deep-Sea species (WoRDSS)
[WWW document]. In: World Register of Deep-Sea Species (WoRDSS).. https://doi.
org/10.14284/352.

Golovan, O.A., Btazewicz, M., Brandt, A., Jazdzewska, A.M., J6zwiak, P., Lavrenteva, A.
V., Malyutina, M.V., Petryashov, V.V., Riehl, T., Sattarova, V.V., 2019. Diversity and
distribution of peracarid crustaceans (Malacostraca) from the abyss adjacent to the
Kuril-Kamchatka trench. Mar. Biodivers. 49, 1343-1360. https://doi.org/10.1007/
$12526-018-0908-3.

Grassle, J.F., 1991. Deep-sea benthic biodiversity. Bioscience 41, 464-469. https://doi.
org/10.2307/1311803.

Grassle, J.F., 2000. The ocean biogeographic information system (OBIS): an online,
worldwide atlas for accessing, modeling and mapping marine biological data in a
multidimensional geographic context. Oceanography 13, 5-7.

Gray, J.S., 1997. Marine biodiversity: patterns, threats and conservation needs.
Biodivers. Conserv. 6, 153-175. https://doi.org/10.1023/A:1018335901847.

Hessler, R., Sanders, H., 1967. Faunal diversity in the deep-sea. Deep-Sea Res. 14, 65-78.
https://doi.org/10.1016,/0011-7471(67)90029-0.

Hillebrand, H., 2004. Strength, slope and variability of marine latitudinal gradients. Mar.
Ecol. Prog. Ser. 273, 251-267. https://doi.org/10.3354/meps273251.

Hoegh-Guldberg, O., Cai, R., Poloczanska, E.S., Brewer, P.G., Sundby, S., Hilmi, K.,
Fabry, V.J., Jung, S., 2014. The Ocean. In: Barros, V.R., Field, C.B., Dokken, D.J.,
Mastrandrea, M.D., Mach, K.J., Bilir, T.E., Chatterjee, K.L., Ebi, K.L., Estrada, Y.O.,
Genova, R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R.,
White, L.L. (Eds.), Climate Change 2014: Impacts, Adaptation, and Vulnerability.
Part B: Regional Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge University
Press, Cambridge, UK and New York, NY, USA, pp. 1655-1731.

Humes, A.G., 1987. Copepoda from Deep-Sea hydrothermal vents. Bull. Mar. Sci. 41,
645-788.

Itani, G., 2004. Distribution of intertidal upogebiid shrimp (Crustacea: Decapoda:
Thalassinidea) in Japan, 29. Contributions from the Biological Laboratory, Kyoto
University, pp. 383-399.

Kerswell, A.P., 2006. Global biodiversity patterns of benthic marine algae. Ecology 87,
2479-2488. https://doi.org/10.1890,/0012-9658(2006)87[2479:GBPOBM]2.0.CO;
2.

Kussakin, O.G., 1971. Additions to the fauna of isopods (Crustacea, Isopoda) of the
Kurile-Kamchatka trench. Part III. Flabellifera and Valvifera. Trudy Instituta
Okeaonogiya, Akademiya Nauk SSSR, Moscow, 92, pp. 239-273.

Kussakin, O.G., 1979. Marine and Brackish-Water Crustacea (Isopoda) of Cold and
Temperate Waters of the Northern Hemisphere. Nauka, Leningrad, Leningrad,
Suborder Flabellifera, Keys to the Fauna of the SSSR.


https://doi.org/10.1016/j.seares.2022.102332
https://doi.org/10.1016/j.seares.2022.102332
https://doi.org/10.1017/9781009157964.003
https://doi.org/10.1016/j.biocon.2016.10.007
https://doi.org/10.1111/geb.12693
https://doi.org/10.1073/pnas.1711842115
https://doi.org/10.1111/j.1461-0248.2005.00763.x
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0030
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0030
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0030
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0035
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0040
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0040
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0040
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0040
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0045
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0045
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0050
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0050
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0050
https://doi.org/10.1371/journal.pone.0033068
https://doi.org/10.1016/j.pocean.2018.01.010
https://doi.org/10.1016/j.pocean.2018.01.010
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0065
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0065
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0065
https://doi.org/10.1016/j.dsr2.2014.11.001
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0075
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0075
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0075
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0075
https://doi.org/10.1111/jbi.12228
https://doi.org/10.1007/s10641-004-3154-4
https://doi.org/10.1007/s10641-004-3154-4
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0090
https://doi.org/10.1016/j.tree.2016.06.001
https://doi.org/10.1016/j.tree.2016.06.001
https://doi.org/10.1086/382056
https://doi.org/10.1086/382056
https://doi.org/10.1016/j.cub.2017.04.060
https://doi.org/10.1016/j.cub.2017.04.060
https://doi.org/10.1371/journal.pone.0011832
https://doi.org/10.3897/zoologia.35.e13886
https://doi.org/10.3897/zoologia.35.e13886
https://doi.org/10.1016/j.cub.2009.05.047
https://doi.org/10.1086/BBLv224n2p89
https://doi.org/10.1086/BBLv224n2p89
https://www.gbif.org
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0135
https://doi.org/10.14284/352
https://doi.org/10.14284/352
https://doi.org/10.1007/s12526-018-0908-3
https://doi.org/10.1007/s12526-018-0908-3
https://doi.org/10.2307/1311803
https://doi.org/10.2307/1311803
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0155
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0155
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0155
https://doi.org/10.1023/A:1018335901847
https://doi.org/10.1016/0011-7471(67)90029-0
https://doi.org/10.3354/meps273251
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0175
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0175
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0175
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0175
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0175
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0175
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0175
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0175
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0180
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0180
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0185
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0185
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0185
https://doi.org/10.1890/0012-9658(2006)87[2479:GBPOBM]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[2479:GBPOBM]2.0.CO;2
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0195
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0195
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0195
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0200
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0200
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0200

H. Knauber et al.

Kussakin, O.G., 1982. Marine and Brackish-Water Crustacea (Isopoda) of Cold and
Temperate Waters of the Northern Hemisphere. Suborders Anthuridae,
Microcerberidae, Valvifera, Tyloidea, Keys to the Fauna of the SSSR. Nauka,
Leningrad, Leningrad.

Kussakin, O.G., 1988. Marine and Brackish-Water Crustacea (Isopoda) of Cold and
Temperate Waters of the Northern Hemisphere. Nauka, Leningrad, Leningrad,
Asselota, Keys to the Fauna of the SSSR.

Kussakin, O.G., Vasina, G.S., 1990. Isopod crustaceans of the suborders Flabellifera and
Valvifera from the bathyal region of the Kurile Islands. Syst. Chorol. Marine Org.
43-63.

Lan, Y., Sun, J., Bartlett, D.H., Rouse, G.W., Tabata, H.G., Qian, P.-Y., 2016. The deepest
mitochondrial genome sequenced from Mariana trench Hirondellea gigas
(Amphipoda). Mitochon. DNA Part B 1, 802-803. https://doi.org/10.1080/
23802359.2016.1214549.

Levin, L.A., Etter, R.J., Rex, M.A., Gooday, A.J., Smith, C.R., Pineda, J., Stuart, C.T.,
Hessler, R.R., Pawson, D., 2001. Environmental influences on regional deep-sea
species diversity. Annu. Rev. Ecol. Syst. 32, 51-93. https://doi.org/10.1146/
annurev.ecolsys.32.081501.114002.

Malyutina, M.V., Chernyshev, A.V., Brandt, A., 2018. Introduction to the SokhoBio (Sea
of Okhotsk biodiversity studies) expedition 2015. Deep Sea Res. Part II 154, 1-9.
https://doi.org/10.1016/j.dsr2.2018.08.012.

Mora, C., Tittensor, D.P., Adl, S., Simpson, A.G.B., Worm, B., 2011. How many species
are there on earth and in the ocean? PLoS Biol. 9, 1001127 https://doi.org/
10.1371/journal.pbio.1001127.

Myers, A.A., 1997. Biogeographic barriers and the development of marine biodiversity.
Estuar. Coast. Shelf Sci. 44, 241-248. https://doi.org/10.1006/ecss.1996.0216.
Oksanen, J., Guillaume Blanchet, F., Friendly, M., Kindt, R., Legendre, P., McGlinn, D.,
Minchin, P.R., O’Hara, R.B., Simpson, G.L., Solymos, P., Henry, M., Stevens, H.,

Szoecs, E., Wagner, H., 2020. vegan: Community Ecology Package.

Pebesma, E., 2018. Simple features for R: standardized support for spatial vector data.
R J. 10, 439. https://doi.org/10.32614/RJ-2018-009.

Powell, M.G., Beresford, V.P., Colaianne, B.A., 2012. The latitudinal position of peak
marine diversity in living and fossil biotas. J. Biogeogr. 39, 1687-1694. https://doi.
org/10.1111/j.1365-2699.2012.02719.x.

Provoost, P., Bosch, S., 2021. Obistools: Tools for Data Enhancement and Quality
Control. Intergovernmental Oceanographic Comission of UNESCO.

QGIS.org, 2020. QGIS Geographic Information System. Open Source Geospatial
Foundation Project.

R Core Team, 2021. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.

Ramirez-Llodra, E.Z., Brandt, A., Danovaro, R., De Mol, B., Escobar, E., German, C.R.,
Levin, L.A., Martinez Arbizu, P., Menot, L., Buhl-Mortensen, P., Narayanaswamy, B.
E., Smith, C.R., Tittensor, D.P., Tyler, P.A., Vanreusel, A., Vecchione, M., 2010.
Deep, diverse and definitely different: unique attributes of the world’s largest
ecosystem. Biogeosciences 2851-2899. https://doi.org/10.5194/bg-7-2851-2010.

Raupach, M.J., Held, C., Wagele, J.-W., 2004. Multiple colonization of the deep sea by
the Asellota (Crustacea: Peracarida: Isopoda). Deep-Sea Res. II Top. Stud. Oceanogr.
51, 1787-1795. https://doi.org/10.1016/j.dsr2.2004.06.035.

Renema, W., Bellwood, D.R., Braga, J.C., Bromfield, K., Hall, R., Johnson, K.G., Lunt, P.,
Meyer, C.P., McMonagle, L.B., Morley, R.J., O'Dea, A., Todd, J.A., Wesselingh, F.P.,
Wilson, M.E.J., Pandolfi, J.M., 2008. Hopping hotspots: global shifts in marine
biodiversity. Science 321, 654-657. https://doi.org/10.1126/science.1155674.

Rex, M.A., 1973. Deep-Sea species diversity: decreased gastropod diversity at abyssal
depths. Science 181, 1051-1053. https://doi.org/10.1126/science.181.4104.1051.

Rex, M.A,, Stuart, C.T., Coyne, G., 2000. Latitudinal gradients of species richness in the
deep-sea benthos of the North Atlantic. PNAS 97, 4082-4085. https://doi.org/
10.1073/pnas.050589497.

Rex, M.A,, Etter, R.J., Morris, J.S., Crouse, J., McClain, C.R., Johnson, N.A., Stuart, C.T.,
Deming, J.W., Thies, R., Avery, R., 2006. Global bathymetric patterns of standing
stock and body size in the deep-sea benthos. Mar. Ecol. Prog. Ser. 317, 1-8. https://
doi.org/10.3354/meps317001.

Riehl, T., Brandao, S.N., Brandt, A., 2020a. Conquering the ocean depths over three
geological eras. In: The Natural History of the Crustacea: Evolution and
Biogeography of the Crustacea. Oxford University Press, pp. 155-183.

Riehl, T., Wolfl, A.-C., Augustin, N., Devey, C.W., Brandt, A., 2020b. Discovery of widely
available abyssal rock patches reveals overlooked habitat type and prompts
rethinking deep-sea biodiversity. Proc. Natl. Acad. Sci. 117, 15450-15459. https://
doi.org/10.1073/pnas.1920706117.

Rombouts, ., Beaugrand, G., Ibanez, F., Gasparini, S., Chiba, S., Legendre, L., 2009.
Global latitudinal variations in marine copepod diversity and environmental factors.
Proc. R. Soc. B Biol. Sci. 276, 3053-3062. https://doi.org/10.1098/rspb.2009.0742.

Rosa, R., Boavida-Portugal, J., Triibenbach, K., Baptista, M., Aratjo, R., Calado, R., 2012.
Descending into the abyss: bathymetric patterns of diversity in decapod crustaceans
shift with taxonomic level and life strategies. Deep-Sea Res. I Oceanogr. Res. Pap. 64,
9-21. https://doi.org/10.1016/j.dsr.2012.01.002.

Saeedi, H., Brandt, A., 2020. Biogeographic Atlas of the Deep NW Pacific Fauna. PenSoft
Publishers LTD, Sofia, Bulgaria.

Saeedi, H., Costello, M.J., Warren, D., Brandt, A., 2019a. Latitudinal and bathymetrical
species richness patterns in the NW Pacific and adjacent Arctic Ocean. Sci. Rep. 9,
9303. https://doi.org/10.1038/541598-019-45813-9.

12

Journal of Sea Research 191 (2023) 102332

Saeedi, H., Dennis, T.E., Costello, M.J., 2017. Bimodal latitudinal species richness and
high endemicity of razor clams (Mollusca). J. Biogeogr. 44, 592-604. https://doi.
org/10.1111/jbi.12903.

Saeedi, H., Simoes, M., 2019b. Endemicity and community composition of marine
species along the NW Pacific and the adjacent Arctic Ocean. Progress in
Oceanography 178, 102199.

Saeedi, H., Simoes, M., Brandt, A., 2020. Biodiversity and distribution patterns of deep-
sea fauna along the temperate NW Pacific. Prog. Oceanogr. 183, 102296 https://doi.
org/10.1016/j.pocean.2020.102296.

Saeedi, H., Brandt, A., Jacobsen, N.L., 2022a. Biodiversity and distribution of Isopoda
and Polychaeta along the northwestern Pacific and the Arctic Ocean. Biodivers.
Inform. 17 https://doi.org/10.17161/bi.v17i.15581.

Saeedi, H., Warren, D., Brandt, A., 2022b. The environmental drivers of benthic Fauna
diversity and community composition. Front. Mar. Sci. 9, 804019 https://doi.org/
10.3389/fmars.2022.804019.

Schauberger, P., Walker, A., 2021. openxlsx: Read, Write and Edit xIsx Files.

Shirshov, P.P., 1983. Research Vessel“ Vityaz” and her Expeditions 1949-1979, 1st ed.
Nauka, Moscow.

Simoes, M.V., Saeedi, H., Cobos, M.E., Brandt, A., 2021. Environmental matching reveals
non-uniform range-shift patterns in benthic marine Crustacea. Clim. Chang. 168, 31.
https://doi.org/10.1007/s10584-021-03240-8.

Snelgrove, P.V.R., Smith, C.R., 2002. A riot of species in an environmental calm: the
paradox of the species-rich deep-sea floor. In: Oceanography and Marine Biology: An
Annual Review, 40. CRC Press, pp. 311-342.

Stein, A., Gerstner, K., Kreft, H., 2014. Environmental heterogeneity as a universal driver
of species richness across taxa, biomes and spatial scales. Ecol. Lett. 17, 866-880.
https://doi.org/10.1111/ele.12277.

Stevens, G.C., 1989. The latitudinal gradient in geographical range: how so many species
coexist in the tropics. Am. Nat. 133, 240-256. https://doi.org/10.1086/284913.

Tadokoro, K., 2021. FRA-Plankton dataset. National Museum of Nature and Science,
Japan.

Thiel, M., Wellborn, G.A., 2018. The Natural History of the Crustacea - Life Histories,
Vol. 5. Oxford University Press.

Thistle, D., 2003. The deep-sea floor: An overview. In: Tyler, P.A. (Ed.), Ecosystems of
the World. Elsevier, Amsterdam, pp. 5-37.

Thresher, R.E., Kuris, A.M., 2004. Options for managing invasive marine species. Biol.
Invasions 6, 295-300. https://doi.org/10.1023/B:BINV.0000034598.28718.2e.
Tittensor, D.P., Mora, C., Jetz, W., Lotze, H.K., Ricard, D., Berghe, E.V., Worm, B., 2010.
Global patterns and predictors of marine biodiversity across taxa. Nature 466,

1098-1101. https://doi.org/10.1038/nature09329.

Tyberghein, L., Verbruggen, H., Pauly, K., Troupin, C., Mineur, F., De Clerck, O., 2012.
Bio-ORACLE: a global environmental dataset for marine species distribution
modelling. Glob. Ecol. Biogeogr. 21, 272-281. https://doi.org/10.1111/j.1466-
8238.2011.00656.x.

Venables, W.N., Ripley, B.D., 2002. Modern Applied Statistics with S, 4th ed. Springer,
New York.

Wei, T., Simko, V., 2021. corrplot: Visualization of a Correlation Matrix.

Werner, R., Hoernle, K., Hauff, F., Portnyagin, M., Yogodzisnki, G., Ziegler, A., 2016. RV
SONNE Fahrtbericht/Cruise Report SO249 - BERING - Origin and Evolution of the
Bering Sea: An Integrated Geochronological, Volcanological, Petrological and
Geochemical Approach (Cruise report No. 30), Berichte aus dem GEOMAR
Helmholtz-Zentrum fiir Ozeanforschung Kiel. Ocean Research, Kiel, Helmholtz
Centre for.

Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L.D., Francois, R.,
Grolemund, G., Hayes, A., Henry, L., Hester, J., Kuhn, M., Pedersen, T.L., Miller, E.,
Bache, S.M., Miiller, K., Ooms, J., Robinson, D., Seidel, D.P., Spinu, V., Takahashi, K.,
Vaughan, D., Wilke, C., Woo, K., Yutani, H., 2019. Welcome to the Tidyverse.

J. Open Source Software 4, 1686. https://doi.org/10.21105/j0ss.01686.

Wilson, E.O., 2003. The encyclopedia of life. Trends Ecol. Evol. 18, 77-80.

Woolley, S.N.C., Tittensor, D.P., Dunstan, P.K., Guillera-Arroita, G., Lahoz-Monfort, J.J.,
Wintle, B.A., Worm, B., O’Hara, T.D., 2016. Deep-sea diversity patterns are shaped
by energy availability. Nature 533, 393-396. https://doi.org/10.1038/nature17937.

WoRMS Editorial Board, 2021. World Register of Marine Species [WWW document].
World Register of Marine Species. URL. https://www.marinespecies.org.

Wiirzberg, L., Peters, J., Brandt, A., 2011. Fatty acid patterns of Southern Ocean shelf and
deep sea peracarid crustaceans and a possible food source, foraminiferans. Deep Sea
Res. Part II. 58, 2027-2035. https://doi.org/10.1016/j.dsr2.2011.05.013.

Yasuhara, M., Hunt, G., Cronin, T.M., Okahashi, H., 2009. Temporal latitudinal-gradient
dynamics and tropical instability of deep-sea species diversity. Proc. Natl. Acad. Sci.
106, 21717-21720. https://doi.org/10.1073/pnas.0910935106.

Yasuhara, M., Stepanova, A., Okahashi, H., Cronin, T.M., Brouwers, E.M., 2014.
Taxonomic revision of deep-sea Ostracoda from the Arctic Ocean. Micropaleontology
60, 399-444.

Zenkevich, L.A., 1963. Biology of the Seas of the USSR. Interscience Publishers, New
York. https://doi.org/10.5962/bhl.title.6447.

Subphylum Crustacea Briinnich, 1772. In: Zhang, Z.-Q. (Ed.), 2011. Animal Biodiversity:
An Outline of Higher-Level Classification and Survey of Taxonomic Richness,
Zootaxa. Magnolia Press, Auckland, New Zealand, p. 99.


http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0205
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0205
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0205
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0205
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0210
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0210
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0210
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0215
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0215
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0215
https://doi.org/10.1080/23802359.2016.1214549
https://doi.org/10.1080/23802359.2016.1214549
https://doi.org/10.1146/annurev.ecolsys.32.081501.114002
https://doi.org/10.1146/annurev.ecolsys.32.081501.114002
https://doi.org/10.1016/j.dsr2.2018.08.012
https://doi.org/10.1371/journal.pbio.1001127
https://doi.org/10.1371/journal.pbio.1001127
https://doi.org/10.1006/ecss.1996.0216
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0245
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0245
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0245
https://doi.org/10.32614/RJ-2018-009
https://doi.org/10.1111/j.1365-2699.2012.02719.x
https://doi.org/10.1111/j.1365-2699.2012.02719.x
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0260
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0260
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0265
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0265
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0270
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0270
https://doi.org/10.5194/bg-7-2851-2010
https://doi.org/10.1016/j.dsr2.2004.06.035
https://doi.org/10.1126/science.1155674
https://doi.org/10.1126/science.181.4104.1051
https://doi.org/10.1073/pnas.050589497
https://doi.org/10.1073/pnas.050589497
https://doi.org/10.3354/meps317001
https://doi.org/10.3354/meps317001
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0305
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0305
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0305
https://doi.org/10.1073/pnas.1920706117
https://doi.org/10.1073/pnas.1920706117
https://doi.org/10.1098/rspb.2009.0742
https://doi.org/10.1016/j.dsr.2012.01.002
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0325
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0325
https://doi.org/10.1038/s41598-019-45813-9
https://doi.org/10.1111/jbi.12903
https://doi.org/10.1111/jbi.12903
http://refhub.elsevier.com/S1385-1101(22)00170-8/optMX6fJwvIRQ
http://refhub.elsevier.com/S1385-1101(22)00170-8/optMX6fJwvIRQ
http://refhub.elsevier.com/S1385-1101(22)00170-8/optMX6fJwvIRQ
https://doi.org/10.1016/j.pocean.2020.102296
https://doi.org/10.1016/j.pocean.2020.102296
https://doi.org/10.17161/bi.v17i.15581
https://doi.org/10.3389/fmars.2022.804019
https://doi.org/10.3389/fmars.2022.804019
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0355
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0360
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0360
https://doi.org/10.1007/s10584-021-03240-8
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0370
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0370
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0370
https://doi.org/10.1111/ele.12277
https://doi.org/10.1086/284913
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0385
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0385
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0390
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0390
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0395
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0395
https://doi.org/10.1023/B:BINV.0000034598.28718.2e
https://doi.org/10.1038/nature09329
https://doi.org/10.1111/j.1466-8238.2011.00656.x
https://doi.org/10.1111/j.1466-8238.2011.00656.x
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0415
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0415
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0420
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0425
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0425
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0425
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0425
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0425
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0425
https://doi.org/10.21105/joss.01686
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0435
https://doi.org/10.1038/nature17937
https://www.marinespecies.org
https://doi.org/10.1016/j.dsr2.2011.05.013
https://doi.org/10.1073/pnas.0910935106
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0460
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0460
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0460
https://doi.org/10.5962/bhl.title.6447
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0470
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0470
http://refhub.elsevier.com/S1385-1101(22)00170-8/rf0470

	Crustaceans of the Northwest Pacific Ocean: Species richness and distribution patterns
	1 Introduction
	2 Material and methods
	2.1 Data extraction and cleaning
	2.2 Data analysis

	3 Results
	3.1 Dataset composition
	3.2 Distribution and diversity
	3.3 Bathymetric and latitudinal gradients
	3.4 Community composition
	3.5 Environmental correlation

	4 Discussion
	4.1 Biodiversity patterns
	4.2 Bathymetric and latitudinal gradients
	4.3 Environmental correlation
	4.4 Conclusion

	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


