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Abstract 

This study explores body size in sepiids (Cephalopoda, Sepiidae) on the interspecific scale and provides an overview of 
their geographical distribution. Results reveal a highly skewed distribution of body size variation for raw values and a 
nearly normal distribution for log-transformed data. However, normality is not statistically validated due to the over-
representation of small and large species. The geographical distribution of sepiids reveals five main clusters: Atlantic, 
Cape Basin, Indian Ocean, Asia-Pacific, and Australian. On average, clusters display more or less the same mean body 
size pattern except the Cape Basin cluster, which is statistically different from the others (smaller interspecific mean 
body size). The reasons remain unclear but a phylogenetic effect is suspected as southwest African coastal waters 
concentrate species from the ‘Hemisepius’ complex which is made up of small species. Sepiids do not obey Berg-
mann’s rule: species from high latitudes do not tend to be larger than species from low latitudes.
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Introduction
Sepiidae (cuttlefishes) are a speciose family of cephalo-
pods with a wide variety of forms classified in the genera 
Sepia Linnaeus 1758, Sepiella Gray 1849, and Metasepia 
Hoyle 1885. They belong to the Order of Sepiida, which 
is included in the Subclass Coleoidea. The monophyly of 
the Family Sepiidae admits no doubt (see Allcock et al., 
2015; Carlini, 2010 for an overview of phylogeny within 
coleoids and cephalopods, respectively), based on both 
molecular and anatomical analyses. However, phyloge-
netic relationships within the sepiids are far from well-
established (Allcock et  al., 2015; Bonnaud et  al., 2006; 
Yoshida et  al., 2010). Members of the order Sepiida 
(Sepiidae, Belosaepiidae or Belosepiellidae) are rarely 
fossilized, but apart from the rare findings of cuttlebone 
remains, fossil statoliths have been recently published 
(Neige et al., 2016) suggesting an evolutionary radiation 

of the Order Sepiida dated from 46 to 42 Ma (Neige et al., 
2016).

Sepiids are known from the “Old World” only (Khro-
mov, 1998; Neige, 2003; Nesis, 1987; Reid et  al., 2005). 
Most sepiid cuttlefishes live in coastal waters, and 
although they are bottom dwellers, they are excellent 
swimmers when they leave the sea floor. Sepiid bathy-
metric distribution ranges from the sea surface down to 
1000 m (Sepia hedleyi, according to Reid et al., 2005) but 
invariably in proximity to the continental shelf or upper 
slope (Khromov, 1998). They spawn medium-sized eggs 
fixed to a substratum (Boletzky, 1998). No planktonic 
stages exist for young animals (Young et  al., 1998), and 
because they need to stay close to the bottom, they can-
not cross deep oceans. Their lifespan is between 18 and 
24 months (Reid et al., 2005). They possess a unique ana-
tomical feature among living cephalopods: the dorsally 
embedded aragonitic shell known as the cuttlebone (or 
sepion) that is involved in buoyancy control (Denton & 
Gilpin-Brown, 1961a, b) and displays large shape differ-
ences across species (Bonnaud et  al., 2006; Lu, 1998a; 
Neige, 2003). Together with cuttlebone shape, differ-
ences among species also occur for various anatomical 
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characters, such as sucker arrangement on arms or ten-
tacular club anatomy.

Body size also appears to be a differentiating trait 
among sepiid species. Sepia dubia, one of the smallest 
cuttlefishes, does not exceed 3  cm in total (see Lipinski 
& Leslie, 2018, Figure  28), whereas the Australian giant 
cuttlefish (Sepia apama) reaches a meter in length and 
may weigh more than ten kilograms for the largest indi-
viduals (see Reid, 2016a for a complete description of this 
species). An organism’s “body size” is frequently viewed 
as one of its most basic features (Blackburn & Gaston, 
1994). It reflects phylogenetic constraints (i.e., the body 
size of an organism mainly depends on a genetic con-
trol) together with growth conditions (e.g., food sup-
ply). When studied at a local scale, the body size of an 
organism within a population may reflect ecology (e.g., 
temperature): organisms of a single species may have dif-
ferent body sizes depending on their environmental life 
conditions. Conversely, at a broader scale, the body-size 
pattern may help to explain a number of observed diver-
sity patterns given that body size is related to abundance 
or geographic range size, for example. Consequently, 
body size variation is of essential concern to macro-
ecology, whether working on living (Berke et  al., 2013; 
Chown & Gaston, 2010; Torres-Romero et  al., 2016) 
or extinct (Dommergues et  al., 2002; Jablonski, 1997; 
O’Gorman & Hone, 2012; Smith et al., 2016) organisms. 
One way to explore size patterns is to document the 
shape of the frequency distribution of species body size. 
It appears fundamental (Blackburn & Gaston, 1994) and 
useful for exploring various aspects at the interspecific 
level (e.g., the relationship between body size and lati-
tude) and for converting these results into ecogeographic 
rules (Gaston et al., 2008), which are of particular inter-
est to an understanding of shape biodiversity. Given the 
present biodiversity crisis, exploring these patterns is 
critically important for predicting how biodiversity may 
be affected by global change and for identifying reliable 
actions to preserve it.

Body size variations are well-known for a large num-
ber of cuttlefish species (e.g., those of fishery value). For 
example it is common knowledge that Sepia officinalis 
reaches different adult sizes depending on geography 
(Guerra et  al., 2015; Neige & Boletzky, 1997), or that 
Sepia orbignyana displays different adult sizes for males 
and females (Reid et al., 2005). However, at the interspe-
cific scale, it seems that nothing is well-known! This can 
be illustrated by two examples. The monograph pub-
lished by Adam & Rees (1966) is a masterpiece, which 
can be considered as the first modern synthesis of the 
family Sepiidae. The authors provide a critical revision 
of all recent species and discuss various aspects of their 
systematic evolutionary history and geographical and 

bathymetric distribution. Specimens’ mantle lengths are 
given for each species, sometimes with details about sex-
ual dimorphism, but no data or discussion is published 
for body size at the interspecific scale. The monograph 
published by Reid et al. (2005) is the most recent impres-
sive synthetic publication, which lists and details various 
aspects including informative body size data for most 
recent species. However, the only quantitative datum 
about interspecific body size variations is the maximum 
body size observed for the whole clade (“Up to 500 mm 
mantle length, and 12 kg in weight”), and the only quali-
tative information given is that sepiids are “small to 
medium-sized cephalopods”.

The present study focuses on interspecific variations of 
body size within the family Sepiidae and their relation-
ships with geography. It aims to establish and explore an 
initial set of data. Among the different ecogeographic 
rules discussed in the literature, evidence for Bergmann’s 
rule is sought. Although controversial (Meiri & Dayan, 
2003), a myriad of publications discuss it based on many 
different taxa, including endotherms and ectotherms, the 
latter being the case of sepiids (Berke et al., 2013; Mous-
seau, 1997; Van Voorhies, 1996; Vinarski, 2014). In a 
synthetic formulation applicable to interspecific studies 
(see Blackburn et  al., 1999), Bergmann’s rule states that 
species from cooler climates (or high latitudes or alti-
tudes, shallow-water bathymetry) tend to be larger than 
those from warmer climates (or low latitudes or alti-
tudes, deep-water bathymetry). Reasons for such a pat-
tern remain largely unknown (see Blackburn et al., 1999). 
Traditionally, the main reason given is that high latitudes 
favor large body sizes, because large body sizes increase 
heat retention (because of higher surface area to volume 
ratios). Finally, and as this study is a preliminary survey 
focusing on interspecific body size variations, it will also 
provide caveats that should be considered for further 
investigations.

Materials and methods
A database of cuttlefish body size and geography
The present analysis is based on an up-to-date biblio-
graphic compilation of sepiid body sizes at the species 
level and so can be used for interspecific comparisons.

Selected species are those generally recognized as 
valid species by sepiid workers (e.g., Adam & Rees, 
1966; Khromov et al., 1998; Lu, 1998b; Reid, 2000; Reid 
et al., 2005; Roper et al., 1984). Recent taxonomic publi-
cations have also been considered (e.g., Ho & Lu, 2005; 
Lipinski & Leslie, 2018; Mqoqi et al., 2007; Neethiselvan 
& Venkataramani, 2010; Reid, 2016a). In total 116 spe-
cies are selected (Table  1) from the World Register of 
Marine Species (WoRMS Editorial Board, 2021). They 
belong to three genera (Sepia, Sepiella, and Metasepia, 
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including 107, 7, and 2 species, respectively, Table  1) 
defined by morphological characters. Six “species com-
plexes” have been proposed within the genus Sepia 
(Khromov et  al., 1998) that still need to be phyloge-
netically explored (Allcock et al., 2015): ‘Acanthosepion’, 
‘Anomalosepia’, ‘Doratosepion’, ‘Hemisepius’, ‘Rhombose-
pion’, and ‘Sepia’. These species-complexes have been 
episodically used as sub-genera (or even sometimes as 
genera) by some authors. However, their monophyly is 
by no means confirmed (see Yoshida et al., 2010).

Here we use the dorsal mantle length (ML) as a meas-
ure of body size (Fig. 1). This is a standard descriptive 
character widely used in the literature (Roper & Voss, 
1983). The selected species body size for the present 
analysis corresponds to the maximum mantle length 
of species individuals quoted in the literature. We con-
sider this measurement to represent the largest mature 
size of individuals for a species. In some rare cases, the 
maximum body length of a species comes from cut-
tlebone size measurement. This has been done when 
a cuttlebone length of a specimen of a given species 
exceeds any quoted ML. We only retain cases, where 
specific attribution of the cuttlebone does not suffer 
any doubt (see Lu, 1998a for a discussion about cut-
tlebones used for taxonomy). Species body size data 
come mainly from Reid et  al. (2005) but include pos-
sible changes from more recent literature. Data were 
compared to older literature (and more specifically to 
various monographs) and no significant mismatches 
have been detected.

Data are explored here using both untreated and log-
transformed measurements. This latter transformation 
is frequently used when comparing interspecific biologi-
cal variations and aims to normalize the distribution of 
a biological variable, namely, body size for the present 
study (Gaston & Blackburn, 2000; Gingerich, 2000; Har-
vey, 1982; LaBarbera, 1989).

Sepiids are to be found in coastal marine waters from 
Norway in the northwestern part of their range to the 
southernmost part of the Kamchatka Peninsula (Rus-
sia) in the northeastern part, and include Australia and 
eastern Melanesia and Micronesia (Fig.  2). The distri-
bution of species in geographic space is synthetized on 
the basis of their presence in biogeographic units, fol-
lowing Neige (2003). Biogeographical units are basically 
delimited using “boundary compression” (taking the 
boundaries, where many species ranges meet as biogeo-
graphical boundaries, see Khromov, 1998). Sixteen bio-
geographic units are recognized (A–Q, Fig.  2), allowing 
distributional analysis of species (see Table 1). Only small 
changes are made compared to Neige (2003). Unit “N” 
has been aggregated with unit “O”, because the former 
contains scattered data only (see Reid et al., 2005).

Following the seminal work of Reid (2016b), Voss 
(1974) draws attention to the effect of post-mortem 
drift in cuttlefish sepions that may blur the exact geo-
graphic distribution of living populations and, there-
fore, species. By comparing distributional ranges in 
species from living animals and from beach-collected 
cuttlebones in Australia, Reid observes geographic 
discrepancies of several hundred kilometers due to 
cuttlebone drift. She advises particular caution in inter-
preting distributional data, particularly when using 
electronic databases. In the present case, because dis-
tributional data are compiled primarily using basic 
published literature (expert-prepared range maps), we 
hope to avoid such pitfalls.

The geographical occurrences of the different sepiid 
species in the different geographical units are quoted 
thanks to previously published literature, and specially 
using data from Neige (2003). Only slight changes were 
made for northern sepiid distributions (Atlantic Ocean 
for the western part and Pacific Ocean for the eastern 
part) and for new records from Guam and the Cocos 
Islands (both records incorporated here into unit K), 
but no other major changes are made here. Among 
the latest literature, a landmark reference is the mono-
graph published by Reid et al. (2005), which details geo-
graphical occurrences of most living species. Post 2005 
literature has also been investigated and changes have 
been introduced in the present database when needed 
(Lipinski & Leslie, 2018; Lu & Chung, 2017; Neethisel-
van & Venkataramani, 2010; Norman et al., 2016; Reid, 
2016a; Riad, 2015, 2020a,b). Sepia dollfusi has recently 
been found in Mediterranean waters, caught while 
commercial fish trawling in the area off Alexandria 
(Riad, 2015). This species was previously known from 
the Red Sea only and its recent presence along Egypt’s 
Mediterranean coast may be interpreted as an instance 
of Lessepsian migration (Bello et  al., 2020). For that 
reason, this presence is removed from our database 
when processing geographic data analysis.

Statistics
Statistics have been computed using Past 4.04 freeware 
(Hammer et  al., 2001) including graphs, tests (mostly 
non-parametric), and cluster dendrograms (similarity 
analysis). The latter were established by the unweighted 
pair group method with the arithmetic mean algorithm 
(UPGMA). Dendrogram robustness was assessed by 
bootstrap values (after 500 runs) and by the cophe-
netic correlation coefficient that measures the distor-
tion between each dendrogram and the corresponding 
matrix of similarity.
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Results
Body size patterns
Body size of cuttlefishes (ML) varies from nearly 20 mm 
(Sepia robsoni, S. faurei, S. dubia, S. pulchra) to 560 mm 
(Sepia apama, the “giant cuttlefish”). The mean size for 
a cuttlefish is 125.16 mm (ML). Raw data exhibit strong 
right skewness (2.52, Table  2) and high kurtosis (7.21, 
Table  2) indicating, respectively, a non-normal and 
peaked distribution. Sepia and Sepiella genera display a 
large variation in size (Fig. 3; Table 2). Mean body sizes of 
Sepia and Sepiella species are not far apart (127.70 mm 
and 103.57  mm, respectively), whereas Metasepia are 
smaller (65 mm; Table 2).

Log data are close to a normal distribution (skewness is 
0.12, whereas kurtosis is 0.72, Table 2). However, the dis-
tribution of body size within the sepiid family (Fig.  4A) 
does not display normality for log-transform mantle 
length (Shapiro–Wilk normality  =  0.98, p  =  0.04). As 
highlighted by the normal probability plot (Fig. 4B), this 

is probably due to an over-representation of small and 
large body sizes that may be considered as outliers in the 
context of a normal distribution of data (see left and right 
tails of the histogram, Fig. 4A).

Geography of body size
Biogeographical units share quite similar body size vari-
ation features (Fig. 5; Table 3) except for units C and D. 
Body size means in these two units are particularly small. 
However, large differences between the number of spe-
cies in the different biogeographical units (from 4 to 31 
species, Table 3) dramatically limit comparisons between 
these units and preclude any robust statistical compari-
sons between them.

To describe body size variations for large geographi-
cal areas and to test for potential statistical differences, 
an attempt is made to gather biogeographical units with 
hierarchical clustering, using species presence/absence 
(Table 1). Basically this similarity analysis method is used 
to identify biogeographical clusters with comparable sets 
of species (see Freitas et  al., 2019 for an up-to-date use 
of the technique). In turn, identification of these bio-
geographical clusters emphasizes large-scale body size 
patterns. Different similarity indexes were tested using 
different aggregation methods and yielded comparable 
results. The one shown here uses the UPGMA aggrega-
tion method and the Raup–Crick similarity index. The 
dendrogram obtained provides robust nodes: most show 
high bootstrap values (Fig. 6). The deepest node separates 
the Australian coasts (biogeographical units O, P, and Q) 
from others, which are split in two blocks: the Atlantic 
Ocean (biogeographical units A–D) and the Indian and 
Pacific Oceans. Each of these two clusters also splits 
into two. The Atlantic Ocean units are organized into 
an “Atlantic” biogeographic cluster (A  +  B) and a “Cape 
Basin” cluster (C  +  D), and the rest splits into an “Indian 
Ocean” cluster (E–J) and an “Asia-Pacific” cluster (K–M). 
Together with the “Australia” one, these five clusters 
reflect the primary biogeographic distribution of sepiids. 
Interestingly, this clustering does not simply follow the 
coastlines from the northwest (A) to the northeast (M) or 
southeast (Q) biogeographical units.

These five biogeographical clusters (see Fig. 6 bottom) 
are well supported (high bootstrap values, Fig. 6) and are 
used to compare interspecific body size variation within 
sepiids at a large scale. The most striking pattern is the 
small mean body size of cuttlefishes for the Cape Basin 
cluster (Fig.  5, “biogeographical clusters”) due to the 
over-representation of small species and the absence of 
large species, compared to other clusters. This pattern 
is confirmed using a non-parametric Kruskal–Wallis 
test, which proposes as its null hypothesis that all sam-
ples (biogeographical clusters here) come from the same 

Fig. 1 Dorsal view of a cuttlefish showing standard dorsal mantle 
length measurement (ML)
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population. The test is rejected (H  =  12.34, p  =  0.01) 
indicating that at least one pair of biogeographical clus-
ters has different body size medians. Dunn’s post hoc test 
indicates that the Cape Basin cluster is systematically dif-
ferent from the others (p values consistently lower than 

0.01) and that no other difference between pairs of clus-
ters occurs.

Bergmann’s rule
We calculated the mean latitude for each biogeographi-
cal unit and compared it to the mean body size of the 
species from the unit (Fig.  7). To test for Bergmann’s 
rule, all mean latitude values have been transformed into 
their absolute values. No body size–latitude trend occurs 
(Spearman’s r  =  0.07, p  =  0.79). The same exploration 
was conducted but omitting units C and D which display 
a particular pattern with significantly smaller mean body 
sizes (see above). As with the complete data set, no body 
size–latitude trend occurs (Spearman’s r  =  0.31, p  =  
0.28).

Discussion
Body size patterns
Our study reveals a large body size variation among sepi-
ids at a ratio of about 1:30 (considering mantle length). 
The distribution is strongly right-skewed for untrans-
formed data. When body sizes are logarithmically trans-
formed, their distribution (Log of ML) approximates a 
typical normal shape but without statistically fitting it. 
This is due to an overrepresentation of extremely small 
and large species. However, compared to other pub-
lished data (see Gaston & Blackburn, 2000), sepiid body 

Fig. 2 Geographical distribution of sepiids and biogeographical units selected for this study

Table 2 Descriptive statistics of body size (ML mm and Log ML) 
for extant Sepiidae for all species together and for each genus of 
the family

All Metasepia Sepia Sepiella

Data n 116 2 107 7

Raw data (ML) Min 20.00 60.00 20.00 50.00

Max 560.00 70.00 560.00 200.00

Mean 125.16 65.00 127.70 103.57

Median 100.00 65.00 100.00 100.00

SD 99.24 7.07 102.19 48.88

Skewness 2.52 0.00 2.44 1.40

Kurtosis 7.21 − 2.75 6.62 2.49

Log transformed 
data (Log ML)

Min 1.3 1.78 1.30 1.70

Max 2.75 1.85 2.75 2.30

Mean 2.00 1.81 2.01 1.98

Median 2.00 1.81 2.00 2.00

SD 0.28 0.05 0.29 0.19

Skewness 0.12 0.00 0.08 0.36

Kurtosis 0.72 − 2.75 0.63 0.64
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size distribution (once logarithmically transformed) 
remains relatively close to a normal distribution pattern. 
Indeed, distribution of body size at the interspecific scale 
is frequently right log-skewed, with some exceptions, 
such as for aquatic birds (Gaston & Blackburn, 1995) or 
marine bivalves (Roy et  al., 2000). The reasons for this 

prevalence of right-skewed distributions remains largely 
unclear. Undiscovered species, taxonomical or geo-
graphical scales of investigation, preferential speciation 
for small species versus extinction for big ones, and ener-
getic optima are all plausible explanations (Kozłowski & 
Gawelczyk, 2002).

For sepiids, an interesting hypothesis to be tested could 
be a phylogenetic effect, which could cause the overrep-
resentation of the smallest and largest species (i.e., the 
presence of particular clades with species of small or 
large body sizes). Species of the smallest size have been 
gathered into the ‘Hemisepius’ species-complex, or alter-
natively the Sepia (Hemisepius) subgenus (see for dif-
ferent alternatives Adam & Rees 1966; Khromov, 1998; 
Roeleved, 1972; Roeleveld & Liltved, 1985;). Whatever 
its taxonomical rank, in total, five species are generally 
considered to belong to this clade: S. dubia, S. faurei, S. 
pulchra, S. robsoni, and S. typica. They are the five small-
est species in our database, ranging from 20 to 26  mm 
(mantle length) and their geographical distributions are 
strictly restricted to Cape Basin waters. They share a 
set of common characters and display differences that 
may reveal two closed groups: one with an hemisepiid 
shell (an abbreviated phragmocone) and the other with 
a normal shell (Roeleveld & Liltved, 1985). Hence a phy-
logenetic effect could be suspected: a set of five small 
species, which explain the overrepresentation of small 
body size within the sepiids. Recently, a sixth small spe-
cies (S. shazae) has been discovered again in Cape Basin 
waters (Lipinski & Leslie, 2018). However, strengthening 
the phylogenetic effect, its discovery challenges the status 
of the ‘Hemisepius’ group. In their conclusion, Roelev-
eld and Liltved (1985) note that the only shared char-
acter between S. shazae and S. dubia is their small size, 
and clustering the six small species would unite highly 

Fig. 3 Body size data (ML) for the 116 sepiid species from smallest to largest. Each vertical bar represents a species

Fig. 4 Top: the frequency distribution of Log transformed body sizes 
of the cuttlefish species of the world (n  =  116). Bottom: normal 
probability plot of the same data used to evaluate the skewness of 
the body size distribution
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contrasting characters under one name thereby reinforc-
ing the argument that ‘Hemisepius’ does not represent a 
monophyletic group. Consequently, it is speculative to 
affirm that so many small species occur within sepiids 
because of the effect of a particular clade characterized 
by species of small body size. One way forward would 
be to develop phylogenetic hypotheses including a large 
number of species and completing those already pub-
lished (Allcock et al., 2015; Bonnaud et al., 2006; Yoshida 
et al., 2006, 2010).

At the other end of the range of body size variations, six 
very large species with mantle lengths exceeding 350 mm 
are found (S. apama, S. hierredda, S. latimanus, S. offici-
nalis, S. pharaonis, and S. lycidas from largest to small-
est, respectively). Five of these (S. apama, S. hierredda, 

S. latimanus, S. officinalis, and S. pharaonis) have been 
clustered into a ‘Sepia’ group (Khromov et  al., 1998). 
However, members of this speciose group are not charac-
terized by their large size (most are medium-sized). And 
even if it was the case, it is worth noting that this group 
is far from being considered as a clade. Once again, the 
phylogenetic effect cannot be demonstrated.

Geography of body size
At a large scale and based on presence/absence cluster-
ing of species, the present study subdivides the living 
area of sepiids into five main clusters (Fig.  6): Atlan-
tic, Cape Basin, Indian Ocean, Asia-Pacific, and Aus-
tralia. They do not exactly fit the Marine Ecoregions 
of the World (MEOW) published by Spalding et  al. 

Fig. 5 Box and whisker plots for cuttlefish body size (Log ML): body size of species (points), mean, and standard error. Points not connected with 
the vertical bar are outliers. Left: for all living species of the world; middle: for each biogeographical unit; right: for the five biogeographical clusters 
(see text)

Table 3 Descriptive statistics of mean body size (Log ML) for the 16 biogeographical units

A B C D E F G H I J K L M O P Q

Data n 4 6 8 13 21 14 10 10 10 15 25 22 21 31 11 17

Log trans-
formed data 
(Log ML)

Min 1.95 1.78 1.30 1.32 1.41 1.90 1.48 1.94 1.85 1.65 1.70 1.78 1.78 1.57 1.66 1.62

Max 2.69 2.70 2.46 2.46 2.70 2.63 2.70 2.70 2.70 2.70 2.70 2.70 2.70 2.70 2.75 2.75

Mean 2.24 2.13 1.81 1.79 2.08 2.15 2.14 2.20 2.21 2.16 2.12 2.17 2.19 2.01 2.07 2.07

Median 2.16 2.04 1.86 1.85 2.10 2.12 2.12 2.12 2.15 2.11 2.08 2.13 2.18 2.00 2.08 2.13

SD 0.32 0.32 0.39 0.38 0.31 0.23 0.37 0.26 0.29 0.26 0.25 0.28 0.26 0.27 0.33 0.27

Skewness 1.25 1.30 0.30 0.23 0.18 0.87 − 0.05 1.27 0.57 0.60 0.77 0.32 0.40 0.68 0.63 0.55

Kurtosis 1.46 2.07 − 0.54 − 1.02 0.28 0.10 − 0.10 0.43 − 0.75 1.26 0.32 − 0.86 − 0.75 0.57 0.42 1.29
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(2007) and based on a large study of coastal and shelf 
area biotas already published. However, the method 
employed here is based on biogeographical units and 
induces some biases (see below). Nixon (2010), mainly 
following Khromov’s data (1998), also proposed to 
divide the world, where sepiids live in five areas. She 
assumed a “world divided artificially” (Nixon, 2010, 
Figure 5.1). Her qualitative approach led to comparable 
results to ours, even if the comparison is complicated 
by the absence of clear boundaries for some of Nixon’s 

clusters. Anyway, one interesting difference occurs for 
southern African coasts. Nixon identified a cluster run-
ning right around the southern tip of Africa (on both 
sides from a little south of the Tropic of Capricorn). 
The present study divides southern African coasts. The 
southern and western parts (units D and C, respec-
tively, see Fig.  2) form a cluster of their own, while 
the eastern part (unit E, see Fig. 2) fits with east Afri-
can coasts and forms part of the Indian Ocean cluster. 
This pattern partially corresponds to the “Temperate 

Fig. 6 Top: similarity analysis of cuttlefish assemblages represented by cluster dendrograms with bootstrap values for each node (see text). 
Colors reveal the main biogeographical clusters: Atlantic, Cape Basin, Indian Ocean, Asia-Pacific, Australia. Bottom: world divided into the five 
biogeographic clusters according to the similarity analysis
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Southern African” realm (Benguela plus part of Agul-
has provinces) as defined by Spalding et al. (2007).

On a smaller scale, two striking patterns have been 
observed and are probably interconnected. One is the 
significantly different mean body size of cuttlefish spe-
cies for southwestern Africa (Fig.  5). The other is the 
separation of the Atlantic faunal cluster from the east 
African one (Fig. 6), the latter being much more closely 
related to the Indian Ocean cluster than to the former. 
The singularity of southwest Africa was already noticed 
by Khromov (1998) who reported its high endemic rate. 
He also pointed out the relatively low species richness of 
European and west African coasts (from A to C accord-
ing to biogeographical units recognized there) relative 
to western Indian ones (Khromov, 1998; Fig. 1). For him, 
living conditions are of prime importance for explaining 
species richness differences (winter sea temperatures, 
hydrological barriers, cold currents, such as the Benguela 
current) even if he did not exclude some artefacts (poor 
knowledge of some island areas). Neige (2003) calculated 
a high morphological disparity of cuttlebone/species 
richness ratio for southwest African (units C and D), and 
proposed that such a singular area (southwest Africa) 
may result from the coexistence of two independent phy-
logenetic clusters of species, one from the Atlantic Ocean 
and the other from the Indian Ocean. This is compatible 
with the suggestion of Khromov (1998) of a coloniza-
tion in several phases for sepiids, one of them being their 
expansion into the Atlantic Ocean during the Miocene 

and Early Pliocene. As already noticed an alternative 
hypothesis would be the presence of two sets of species 
and of a phylogenetic cluster (‘Hemisepius’). This hypoth-
esis would also explain the split between the Atlantic and 
the Indian Ocean faunal clusters. Once again, a robust 
phylogenetic hypothesis for sepiids is needed.

Finally, the attempt to demonstrate that Bergmann’s 
rule applies to the distribution of sepiid body size was 
unsuccessful. However, the association of small latitu-
dinal range biogeographic units (C, D, I, P) with large 
latitudinal range ones (B, K, M) as used here may have 
blurred the results.

Caveats
The present attempt to illustrate the geography of body 
size in cuttlefishes at the interspecific scale yields results 
and calls for certain caveats.

The first caveat is linked with the quantification of 
body size. Dorsal mantle length does not involve any 
problems (this is clearly a standard measurement, Reid, 
2016a; Roper & Voss, 1983) but the data used here con-
sider a single value of maximum mantle length for a spe-
cies, wherever the species lives. For species with large 
geographical ranges this may be an oversimplification. 
For example, Reid et  al. (2005) noted a large difference 
in body size between specimens of S. officinalis living in 
temperate waters (body size up to 490 mm, the body size 
used here for analyses, see Table  1) and specimens liv-
ing in subtropical areas (body size up to 300 mm). This 

Fig. 7 Relationship between the mean latitude of biogeographical units and mean body size (Log ML) of present species in each unit
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phenomenon clearly alters the present results, and par-
ticularly the attempt to recognize Bergmann’s rule. Dif-
ferentiated measurements according to geographical 
areas would be an interesting way to resolve this prob-
lem, but we have to acknowledge that such data are avail-
able for a handful of sepiid species only.

The definition and use of biogeographical units calls 
for a second caveat. The present analysis is based on the 
recognition of points of occurrence of species in a set of 
pre-established biogeographical units (determined using 
‘boundary compressions’). The transformation of bio-
geographical units into smaller ones or into pure geo-
graphical slicing (see Berke et  al., 2013 for an example 
involving marine bivalves) or the use of expert-prepared 
range maps (such as those of Reid et al., 2005) could pro-
vide interesting alternatives for exploring biogeographic 
patterns (including the geography of body size), although 
it should be remembered that each has its own short-
comings (Rotenberry & Balasubramaniam, 2020). Pure 
geographical slicing would clearly favor the comparison 
between geographical distribution of cuttlefishes and 
environmental variables.

Conclusion
Using data from the literature, I have compiled a database 
of maximum body size (dorsal mantle length) for cuttle-
fishes. Coupled with a geographical overview of sepiid 
distribution into 16 biogeographical units, the geography 
of body size at the interspecific scale is thus explored. 
Results reveal a strongly skewed distribution of body size 
variation for crude values and a nearly normal distribu-
tion when data are log-transformed. However, normality 
is not statistically validated because of the overrepresen-
tation of small and large species.

Globally, the presence/absence of species in biogeo-
graphical units fall into five main clusters: Atlantic, Cape 
Basin, Indian Ocean, Asia-Pacific (including northeast-
ern distribution), and Australia. My results (based on 
quantitative clustering) globally fit those obtained from 
qualitative approaches (i.e., expert-based approaches: 
Khromov, 1998; Nixon, 2010). An interesting difference 
occurs for southern African coasts. Here, we show that 
southern and western parts (Cape Basin cluster) are 
related to west African coasts (Atlantic cluster), while the 
eastern part goes with east African coasts (Indian Ocean 
cluster). Reasons probably involve the mixing of phyloge-
netic and environmental effects.

On average, clusters display more or less the same 
mean body size pattern except for the Cape Basin clus-
ter, which is statistically different from the others (inter-
specific mean body size is smaller). The reasons remain 
unclear but a phylogenetic effect is suspected as species 
from the ‘Hemisepius’ complex (which comprises small 

species) concentrate in Cape Basin coastal waters. Fur-
ther studies covering the broad phylogeny of cuttlefishes 
and based on alternative biogeographical approaches are 
needed to explore in detail the geography of body size in 
cuttlefishes or any other ecogeographic pattern.

Abbreviation
ML: Dorsal mantle length.
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