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Abstract
Aim: To analyse the diversity and distribution of oceanic pelagic cephalopods along 
the eastern Pacific Ocean assessing the existence of biogeographic structuring, and 
the role of physical variables in generating geographical patterns. We hypothesized 
that the control by environmental factors, and the effect of geometric constraints, 
determine the range size and limits of distribution of oceanic cephalopods along the 
eastern Pacific Ocean, generating a latitudinal gradient in species richness.
Location: Eastern Pacific Ocean (60°N – 60°S), from the Gulf of Alaska to the 
Southern Ocean.
Methods: Based on a literature review and >5,000 records obtained from collections, 
we constructed a presence–absence matrix including 61 latitudinal bands (2° each) 
along the Eastern Pacific, and estimated species richness and range endpoints at 
each band. Biogeographic units were determined by means of multivariate analyses. 
Species richness was compared with null model predictions in order to test for the 
existence of geometric constraints using the Mid‐Domain Null model. The effects on 
species richness of environmental variables (temperature, salinity and oxygen) were 
evaluated separately for surface and depth (0–1,000 m) data, by means of ordinary 
least squares regression and simultaneous autoregressive models. Rapoport's pat-
tern was assessed by applying the Stevens’ method and the range midpoint method.
Results: Species richness was high across the tropics and decreased towards the both 
poles. We identified five biogeographic units, highlighting two major distribution 
breaks at 40°N and 42°S. Species richness was strongly related with environmen-
tal variables, although the combined variables accounted for a large fraction of the 
variance between 0 and 1,000 m (R2 = 0.99), while temperature was the best single 
predictor at the surface (R2 = 0.98). Species richness curves showed a mid‐domain 
effect (MDE), and the mean latitudinal range was higher in the tropics and at warm 
latitudes, generating an inverse Rapoport's pattern.
Main conclusions: Along the eastern Pacific Ocean oceanic cephalopods exhibit both 
a clear biogeographic patterning and an interhemispheric (poleward decreasing) di-
versity gradient, which appear strongly related with physical factors and external 
forcing, as well as with a MDE as a seemingly consequence of the naturally bounded 
domain of the Eastern Pacific.
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1  | INTRODUC TION

In order to categorize biogeographic units, each unit must have high 
levels of endemism, maintain a certain level of homogeneity within 
their margins and, at the same time, differ at some degree from other 
adjacent units (Morrone, 2018; Spalding et al., 2007). In particular, 
the proportion of endemic species in a given area has been used 
to define biogeographic units at continental or global scales, which 
are usually grouped into hierarchical systems (Morrone, 1994, 2018; 
Okolodkov, 2010). Within these hierarchical systems, those with 
higher levels of endemism (50%–75%) are traditionally denoted as 
“realms”, whereas “provinces” are characterized by having only 25%–
50% of endemic species (Kay, 1980; Spalding et al., 2007). Moreover, 
some analytical approaches (e.g. multivariate analysis) have also 
been used to define biogeographical units using geographic distri-
bution data (e.g. Hernández, Moreno, & Rozbaczylo, 2005; Ibáñez, 
Camus, & Rocha, 2009; Ojeda, Labra, & Muñoz, 2000).

Several biogeographic provinces have been described in the 
Pacific Ocean based on the distribution and diversity of coastal or-
ganisms (Briggs, 1974; Briggs & Bowen, 2012; Nesis, 2003; Spalding 
et al., 2007); however, oceanic systems have received less attention. 
Based on patterns of global cephalopod biodiversity, Nesis (1982, 
1985) divided the pelagic ecosystem into seven large biogeograph-
ical zones (Arctic, Boreal, Subtropical North, Tropical, Subtropical 
South, Notalian and Antarctic) with several provinces in each zone. 
Similarly, based on fish endemism, Briggs (1995) proposed four large 
biogeographic regions: Tropical, Warm‐Temperate, Cold‐Temperate, 
and Cold. In the context of marine floral and faunal composition, 
Golikov, Dolgolenko, Maximovich, and Scarlato (1990) proposed four 
large regions in the eastern Pacific Ocean, relatively consistent with 
those proposed by Nesis (1982) and Briggs (1995). Other biogeo-
graphic classifications have been based on oceanographic factors, 
focusing on biogeochemical biomes and provinces, using a detailed 
matrix of oceanographic factors (Reygondeau et al., 2018), and other 
studies combined oceanographic factors with the distributions of 
organisms from different phyla (Kaiser et al., 2005; Longhurst, 1998; 
Sutton et al., 2017).

Along the coast of the eastern Pacific Ocean several studies 
have reported latitudinal patterns of species richness in northern 
or southern hemispheres (Roy, Jablonski, Valentine, & Rosenberg, 
1998; Valdovinos, Navarrete, & Marquet, 2003; Rex, Crame, Stuart, 
& Clarke, 2005; Rivadeneira et al., 2015). So far, the few studies fo-
cused on inter‐hemispheric trends have documented similar patterns 
to those observed in terrestrial environments, with a marked pole-
ward decrease in species richness (Hillebrand, 2004; Lyons & Willig, 
1999; Rex et al., 2005; Roy et al., 1998; Willig & Lyons, 1998), and 
other studies have reported trends in species range sizes related to 
Rapoport's pattern (Mora & Robertson, 2005a, 2005b; Tomašových 

& Jablonski, 2017; Tomašových et al., 2016). Nonetheless, research 
efforts have concentrated on the diversity and biogeography of the 
coastal Eastern Pacific, and no studies have been carried out on oce-
anic species.

In biogeographical terms, oceanic ecosystems are more complex 
to define because they contain pelagic species that can migrate long 
distances or that have high dispersal capabilities, allowing them to 
move across large oceanographic barriers (e.g. jellyfishes, fishes, gas-
tropods, cephalopods and echinoderms) (Haye et al., 2014; Kaiser 
et al., 2005; Longhurst, 1998). Therefore, understanding life‐history 
traits and endemism patterns of oceanic organisms is important in 
order to propose adequate biogeographic classifications based on 
their diversity and distribution. In this context, we focus herein on the 
cephalopod fauna inhabiting the eastern Pacific Ocean as this group 
has wide latitudinal and bathymetric distributions and relatively 
low endemism levels (i.e. relative to the Southern Ocean; Collins & 
Rodhouse, 2006), constituting a suitable and interesting model for 
evaluating large‐scale variations in distribution and diversity.

Cephalopods are a class of exclusively marine molluscs that 
includes nautilids, cuttlefishes, squids and octopods, with around 
845 species distributed in 50 families and 174 genera (Hoving et al., 
2014). The oceanic cephalopods comprise > 300 known species that 
are grouped into 42 families (including squids and octopods), repre-
senting 36% of the total global cephalopod diversity (Nesis, 2003). In 
the eastern Pacific, the reported oceanic cephalopods (>100 species) 
constitute about 12% of the world's species (Nesis, 2003), which 
primarily inhabit the first 1,000 m depth and undergo daily vertical 
migrations (Boyle & Rodhouse, 2005; Young & Hirota, 1990). The 
oceanic cephalopods inhabiting Pacific waters have wide geograph-
ical distributions (>5,000 km) and very low endemism (Ibáñez et al., 
2009), mainly due to their high dispersal capabilities during both 
early (paralarvae and juvenile) and adult stages (Boyle & Rodhouse, 
2005; Villanueva, Vidal, Fernández‐Álvarez, & Nabhitabhata, 2016). 
Those characteristics (wide distribution, high dispersal and low en-
demism) make cephalopods a good model to test biogeographic hy-
potheses in the Pacific Ocean.

The global patterns of cephalopod distribution, however, could 
be better explained in terms of zoogeography at the level of zones 
and sub‐zones (Nesis, 1982; 1985). In this regard, the proposed 
boundaries for latitudinal faunal zones in the pelagic kingdom 
coincide with divisions in the areas of oceanic circulation (Nesis, 
2003), and with salinity gradients rather than temperature gradi-
ents (Ibáñez et al., 2009; Jereb & Roper, 2005). Oceanic species 
may exhibit wide thermal tolerances (Boyle & Rodhouse, 2005; 
Ibáñez et al., 2009; Jereb & Roper, 2005; Nesis, 2003); nonethe-
less, salinity could also be a critical factor for adults and early 
life‐stages (Boyle & Rodhouse, 2005; Ibáñez et al., 2009; Jereb 
& Roper, 2005; Pardo‐Gandarillas et al., 2016). Similar scenarios 
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