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Foreword

Small pelagic fi shes in areas of upwelling support the largest fi sheries on 
the globe. Most of these harvests are destined for fi shmeal production, 
mostly to feed cultured shellfi shes and fi shes. While small pelagic fi shes 
include a variety of shoaling species, anchovies and sardines form the largest 
biomasses and, hence, are the targets of harvests in many warm temperate 
areas. Stocks of these two fi shes are depleted in many areas because of 
over-fi shing, but also because of environmental shifts. Local stocks are often 
at risk because of an ever-increasing demand for fi shmeal, as aquaculture 
grows at an incredible rate to replace the production of capture fi sheries, and 
because of unregulated fi sheries. Regulating harvests is especially diffi cult 
when stocks are shared by maritime countries with different approaches to 
management, or with different policies to limit harvests by foreign fl eets, 
which often extract resources without boosting local economies. Fishery 
managers also struggle to accommodate the demands of both artisanal 
and national industrial fi sheries, often weighing the well-being of coastal 
communities against larger revenues from industrial fl eets.

Anchovies and sardines are also ecologically important, because 
their large biomass is a link in coastal food-webs, transferring the energy 
in plankton and small organisms to larger fi shes, sea birds and marine 
mammals. Mid-trophic forage fi shes greatly infl uence the health of higher 
tropic guilds; yet, few regional stocks are managed using ecosystem-based 
strategies. The management of biological resources across food webs will 
increasingly become a crucial part of responsible fi shery management, with 
fi shery managers showing a healthy respect for the ripple effects of single-
species harvests. The carrying capacity for global fi sheries has arguably been 
reached, and only the careful nurturing of whole ecosystems will provide a 
continuing source of food from marine capture-fi sheries. The development 
of holistic and multi-species models is a step in this direction.

The short life spans of anchovies and sardines regulate their abundances 
and shape their genetic structures on shorter time scales than those of 
long-lived species. Anchovy abundances are often regulated by events 
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spanning days to weeks. For example, in the Benguela upwelling system, 
bouts of wind-driven Ekman transport can drive batches of eggs offshore 
and decimate a year class. The crash of a year class can quickly lead to the 
collapse of a fi shery. In the Peruvian upwelling system, anchovy abundances 
inevitably crash during weather driven El Niños, which abruptly stop 
upwelling and choke the fl ow of energy through the coastal ecosystem. 
Sweepstakes recruitment, in which only a small proportion of larvae survive, 
is often not considered in management strategies, but may lead to the failure 
of stock-recruit models to predict abundances over the short term.

Several converging factors put populations of small pelagic fi shes at 
risk. Marine habitats are changing rapidly because of global warming, ocean 
acidifi cation and coastal pollution. Equally challenging are ecosystem shifts 
precipitated by changes in coastal food webs. Massive industrial fi sheries, 
driven by an ever expanding human demand for fi sh, continue to disrupt 
these food webs and, in some regions, have decreased species’ richness. 
Fishery management is guided by ecological theory and by an understanding 
of environmental events taking place on, at most, decadal time scales. This 
information, together with a clear understanding of reproductive biology, 
fecundity and mortality is needed to develop predictive models. Annual 
research cruises measure spawning biomass in all of the large upwelling 
regions of the world. Year-class strength in many regions are predicted 
by egg and larval surveys, which are estimated by daily egg-production 
methods and by continuous plankton recorders. These many pieces of 
information, together with climatic and oceanic records, feed models that 
attempt to predict future population trajectories.

An essential component of effective resource management is an in-
depth understanding of the biologies and ecologies of anchovies and 
sardines, which underpins the rationale for this book. This volume contains 
contributions from world experts on the biology, ecology, genetics and 
systematics of anchovies and sardines, and the various chapters represent 
insights into issues that infl uence population abundances. This synthesis 
provides a basis for better protecting marine resources and for guiding the 
directions of research on small pelagic fi shes. 

W. Stewart Grant
Alaska Department of Fish and Game

Anchorage, Alaska, USA 



Anchovies (genus Engraulis) and sardines (genera Sardina and Sardinops) 
are fi shes of great importance in the world’s fi sheries as for much of the 
last decades they comprise 30–40% by weight of all marine fi shes for 
which records are available. They occur together in commercial quantities 
in temperate marine areas of high primary productivity throughout the 
world’s oceans and apart from being commercially and socially signifi cant 
their populations occupy crucial positions in the oceans’ ecosystems. 
The present book covers a broad spectrum of topics on the systematics, 
phylogeography, life history (reproduction, feeding) and ecology (habitat 
characterization, recruitment variability) of anchovies and sardines also 
gathering important information on the state of their fi sheries, exploitation 
and management.

The book is organized in three sections. The fi rst section deals with 
progresses in the systematics and phylogeography of anchovies and 
sardines which have signifi cantly improved knowledge and understanding 
of their evolution. The fi rst chapter by S. Lavoue et al. uses new fi ndings on 
the systematics of Clupeoidei together with current morphological evidence 
to suggest a revised classifi cation scheme, in which all family-level groups 
are diagnosed. The second chapter by P. Kassapidis deals with the recent 
evolutionary history, the phylogeography and the genetic population 
structure of anchovies and sardines particularly focusing on disentangling 
the exceptional and complex phylogeographic history of some species such 
as the European anchovy, Engraulis encrasicolus. 

The second section focuses on the life history and the ecology of anchovies 
and sardines. Chapter three by K. Ganias et al. reviews knowledge on the 
reproductive potential of anchovies and sardines, from egg production to 
egg quality and all intermediate processes including the dynamics (ovarian 
development, ovarian growth and fecundity patterns) and timing (lifetime, 
annual, intrapersonal, and diel scales) of reproductive events. Chapter four 
by S. Garrido and C. van der Lingen collates a substantial body of literature 
on fi ve anchovy and three sardine species from several of the world’s 
marine ecosystems to provide detailed descriptions of their feeding biology 

Preface
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and ecology. Chapter fi ve by M. Giannoulaki et al. describes the spatial 
distribution and the habitat characteristics of anchovies and sardines in the 
main upwelling areas particularly focusing on ecosystems that are seldom 
tackled like the Mediterranean and the Black Sea and the Australian waters. 
Chapter six by I. Katara discusses some dominant recruitment theories, 
their relation to small pelagic fi sh variability, as well as some hypotheses 
that arose from the observation of phenomena characteristic of sardine and 
anchovy populations.

The third section covers the socioeconomic impact of sardine and 
anchovy fi sheries around the world oceans and provides several case studies 
on their exploitation status and management. Chapter seven by G. Merino 
et al. describes the role of anchovies and sardines as reduction fi sheries in 
the world fi shmeal production and overviews the interaction between the 
resource and environmental and socioeconomic drivers. Chapter eight by 
N. Lo and B. Fissel reviews assessment methods of anchovy and sardine 
stocks in the U.S. focusing on the daily egg production method (DEPM). 
Finally chapter nine by C. Pitta et al. summarizes some socioeconomic and 
management aspects of sardine and anchovy fi sheries worldwide and the 
future challenges and opportunities for these fi sheries. 

First, I would like to thank all book authors, particularly the chapter 
leaders who kindly accepted my invitation to contribute to this book and 
who did their best to gather the most up to date information on their 
assigned topics. Stewart Grant is greatly thanked both for reviewing 
two chapters and for writing the book Forward. Frank Asche, Marianna 
Giannoulaki, Ilias Kappas, Gorka Merino, Evangelia Michaloudi Albert 
Tacon, and Carl van der Lingen are also thanked for critically reviewing 
chapters of the book.

Konstantinos Ganias
School of Biology

Aristotle University of Thessaloniki
Greece
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SECTION 1

Systematics and 
Phylogeography





CHAPTER 1

Progress in Clupeiform 
Systematics

Sébastien Lavoué,1,* Peter Konstantinidis2 and 
Wei-Jen Chen1,a

1.1 Introduction: the Clupeiformes, a diverse and natural 
group of fi shes

Phylogenetic trees depicting evolutionary relationships and classifi cations 
based on these relationships are the central underpinning of research in 
biology (Baum and Smith 2013). Within a phylogenetic framework, it is 
possible to study the pattern and process of evolution of morphological, 
physiological and genetic traits among organisms, and it allows interpreting 
biogeographic patterns within an historical perspective. It also provides 
guidelines for conservation and management of natural resources such as 
fi sheries.

However, it is sometimes challenging to infer reliable, fully resolved 
phylogenetic trees due to the effects of several processes (e.g., convergence, 
rapid diversifi cation, ancestral polymorphism, incomplete lineage sorting, 
horizontal gene transfer, etc.) and/or methodological artifacts (e.g., 
inappropriate phylogenetic method, inadequate character sampling and/
or incomplete taxon sampling, etc.).

1Institute of Oceanography, National Taiwan University, no1, Sec 4, Roosevelt Road, Taipei 
10617, Taiwan. 
aEmail: wjchen.actinops@gmail.com
2Institute of Systematic Zoology and Evolutionary Biology, Friedrich Schiller University Jena, 
Erbertstr. 1, D-07743 Jena, Germany. 
Email: peter.konstantinidis@uni-jena.de
*Corresponding author: microceb@hotmail.com



4 Biology and Ecology of Sardines and Anchovies

The understanding of the phylogeny of the Clupeiformes (i.e., sardines, 
herrings, anchovies, sprats, wolf herrings, shads and relatives) has made 
important progress in the last 50 yr thanks to the efforts to search for natural 
groups (monophyletic groups or clades) based on shared and derived 
morphological and molecular characters, using comprehensive taxon 
sampling. The current phylogenetic hypothesis of the Clupeiformes may serve 
as a framework to discuss the evolution and biogeography of these fi shes.

The living Clupeiformes comprise approximately 400 valid species 
classifi ed into fi ve to seven families and two suborders (Denticipitoidei 
and Clupeoidei) (Eschmeyer 2013, Nelson 2006). The only extant species of 
the suborder Denticipitoidei, Denticeps clupeoides occurs in the region of the 
Niger Delta in West Africa (Clausen 1959). A 45 million-yr-old fossil species, 
†Paleodenticeps tanganikae, has been described from East Africa (Greenwood 
1960). The two denticipitid species are strictly freshwater. The suborder 
Clupeoidei has a worldwide distribution with marine, euryhaline and 
freshwater species along with tropical, subtropical and temperate species. 
Herrings, sardines and anchovies often are important parts of assemblages 
of pelagic fi shes off coasts. The two-volume FAO catalog for the clupeoid 
fi shes provides the distribution and the salinity preference for each species 
known at that time along with additional biological and fi sheries data 
(Whitehead 1985a, Whitehead et al. 1988).

Most of the clupeoid species have distributions restricted to one of 
the world marine biogeographic provinces (Briggs and Bowen 2012). This 
pattern of high endemism is more accentuated in the tropical regions than 
in the temperate regions. Lavoué et al. (2013) compiled the distributions 
of all species together into a density-map to show the species richness per 
region (Fig. 1.1A).

Species richness is higher in tropical regions than in septentrional and 
meridional regions, a common distribution pattern known as the latitudinal 
gradient in species richness (Crame 2001, Hillebrand 2004). The Indo-West 
Pacifi c (IWP) region, a region known for its exceptional marine biodiversity 
(Briggs and Bowen 2012), comprises more clupeoid species than any other 
tropical region. This is also a general pattern of longitudinal distribution 
of biodiversity (Briggs 1999, Bellwood and Wainwright 2002).

Most of the clupeiforms are easily recognizable in having the following 
combination of external characters (Whitehead 1985a): a reduced lateral 
line system restricted to the head and the anterior portion of the trunk 
(except for Denticeps clupeoides), no spiny fi ns, no adipose fi n, a short 
dorsal fi n (absent in Raconda), presence of a series of abdominal scutes, 
which are modifi ed scales anterior and posterior of the pelvic fi ns (Fig. 
1.2A); sometimes the series is reduced to a single pelvic scute in front of 
the pelvic fi ns (e.g., dussumieriids, Congothrissa gossei, etc.) or completely 
absent (Sundasalanx).
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Figure 1.1. Top: Live photos of representatives of Clupeoidei. A) Dussumieria acuta 
Dussumieriidae (standard length (SL) about 11 cm, photo John Randall), B) Ilisha elongata, 
Pristigasteridae (SL ~ 22 cm, photo John Randall), C) Chirocentrus dorab, Chirocentridae (SL 
~ 34 cm, photo John Randall), D) Sauvagella madagascariensis, Clupeidae, Ehiravinae (SL ~ 10 
cm, photo Paul V. Loiselle), E) Nematalosa nasus, Clupeidae, Dorosomatinae (SL ~ 16 cm, photo 
John Randall) and F) Thryssa baelama, Engraulidae (SL ~ 10 cm, photo John Randall). Bottom: 
Approximate distribution and species richness of Clupeoidei. Number of species per grid cell 
(4 degree latitude by 4 degree longitude resolution) is represented by cool (low diversity) to 
warm (high diversity) colours. Modifi ed from Lavoué et al. (2013).

Color image of this figure appears in the color plate section at the end of the book.
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The single pelvic scute in the wolf herring Chirocentrus is further 
reduced. The range in size is noteworthy: from large species (up to 1 
meter standard length [SL]; species of Chirocentrus) to miniature species 
sexually mature at about 2 centimeters SL (e.g., Thrattidion noctivagus, 
Amazonsprattus scintilla or species of Sundasalanx). Anchovies genus Coilia 
have elongated tapering bodies while the two Pristigaster species possess 
rather deep bodies. Some species lack scales (e.g., Amazonsprattus scintilla, 
Minyclupeoides dentibranchius) or pelvic fi ns (e.g., several pristigasterids, 
Pseudosetipinna haizhouensis).

The extant clupeiforms, along with the extinct order †Ellimmichthyiformes 
and the extinct genera †Armigatus and †Erichalcis, were combined into the 
superorder Clupeomorpha (Grande 1985) (Fig. 1.3A).

Arratia (1997) removed the enigmatic genus †Erichalcis from the 
Clupeomorpha as it shows closer affi nities with the Euteleostei. Among 
the living teleostean fi shes, the characters that diagnose the Clupeomorpha 
are also diagnostic for the Clupeiformes because there is no living 
non-clupeiform clupeomorphs. Greenwood et al. (1966) provided the 
fi rst synapomorphy-based defi nition of the Clupeomorpha which was 

Figure 1.2. Morphological characters important in the systematics of the Clupeiformes 
(shown on cleared and stained specimens). A–C, Alosa aestivalis; D, Anchoa mitchili. A) 
abdominal (=ventral) scutes anterior and posterior of the pelvic fi ns. B) Fusion of the fi rst 
uroneural with the fi rst preural centrum and the autogenous parhypural. C) Pectoral girdle with 
two postcleithra. D) Anterior part of the head with the large mesethmoid and the vomer.

Color image of this figure appears in the color plate section at the end of the book.
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Figure 1.3. Three phylogenetic hypotheses of the Clupeomorpha. A) Modifi ed from Grande 
(1985); numbers in parentheses refer to the synapomorphies as listed and discussed in 
Grande (1985). B) Modifi ed from Chang and Maisey (2003); number in circle refers to clade 
number as discussed in Chang and Maisey (2003). C) Modifi ed from Zaragüeta-Bagils (2004); 
character states are indicated by squares along the corresponding branch with numbers above 
referring to character numbers and numbers below referring to state numbers (both as listed in 
Zaragüeta-Bagils 2004). The hypothesis A includes †Erichalcis in the Clupeomorpha, whereas 
the hypotheses B and C exclude it.
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subsequently critically reviewed and expanded by Patterson and Rosen 
(1977) and Grande (1985). There is strong evidence that the Clupeomorpha 
(excluding †Erichalcis) form a natural assemblage (Grande 1985, Chang and 
Maisey 2003, Forey 2004, Zaragüeta-Bagils 2004) (Fig. 1.3A, B and C).

Several major evolutionary features distinguish clupeomorphs (and 
extant clupeiforms) from their immediate relatives, among them [characters 
1–3 in Fig. 1.4]: 1) “the extension of the gas bladder into the brain case so 
that it contacts the inner ear” (Patterson and Rosen 1977, Grande 1982a), 
2) “the reduction of the caudal skeleton” (Patterson and Rosen 1977) (Fig. 
2B) and 3) “one or more abdominal scutes, each an unpaired element that 
crosses ventral midline of body” (Whitehead 1963a, Patterson 1970).

The Clupeiformes have a rich fossil record (with more than 150 extinct 
species excavated globally) that dates the origin of this group to the Lower 
Cretaceous (Grande 1985, Murray et al. 2005, De Figueiredo 2009a). The 
fi rst fossils assigned to the Clupeoidei date back to the mid Cretaceous and 
were mostly discovered from tropical marine or estuarine deposits in South 
America, Africa and the Tethys Sea region (Taverne 1997a,b, Forey et al. 

Figure 1.4. A phylogenetic hypothesis for the position of the Clupeomorpha within the 
Teleostei. The Holostei (bowfi n and gars) are considered as the living sister group of the 
Teleostei. Within the Teleostei, three main lineages are recognized: the Osteoglossomorpha 
(bony-tongue fi shes), the Elopomorpha (eels and relatives) and the Clupeocephala. The 
Clupeomorpha belong to the Clupeocephala, which are closely related to the Ostariophysi 
and Alepocephaliformes. The number of families and species for each main teleost lineage 
indicated in parentheses (from Eschmeyer 2013).
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2003, De Figueiredo 2009a,b). During the Upper Cretaceous, clupeiforms 
(especially the early clupeoids) were well diversifi ed with several primitive 
forms that represent ancient and extinct lineages, sometimes of uncertain 
affi nities (Chang and Maisey 2003, De Figueiredo 2009a,b) along with 
more recent forms assignable to extant clupeoid lineages (Taverne 2002, 
2004, 2007a,b, 2011). Altogether, these and other fossils provide relevant 
knowledge on the evolution of the early clupeiforms and clupeoids such as 
information about their paleodistribution and paleobiogeography (Chang 
and Maisey 2003, Cavin 2008), paleoenvironment (Newbrey et al. 2010) and 
character evolution (De Figueiredo 2009a).

Hereafter and unless otherwise stated, only the systematics of the 
living clupeomorphs, all belonging to the order Clupeiformes, will be 
introduced. Therefore, we indiscriminately use the names Clupeomorpha 
and Clupeiformes to designate them.

1.2 The phylogenetic position of the Clupeomorpha within the 
Teleostei

1.2.1 Strong morphological support for the monophyly of the 
Clupeocephala

 Modern research of the phylogenetic position of the living Clupeomorpha 
within the Teleostei began with the publication of Greenwood et al. (1966). 
Reviews of earlier works relative to the position of the Clupeomorpha can 
be found elsewhere (Grande 1985, Whitehead 1985b, Lecointre and Nelson 
1996).

In Greenwood et al. (1966), the Clupeomorpha were considered as one 
of the four main lineages within the Teleostei along with the Elopomorpha 
(= Division I of Greenwood et al. (1966)), the Osteoglossomorpha (= Division 
II) and the Euteleostei (= Division III) [consult Fig. 1 in Greenwood et al. 
(1966)]. The phylogenetic relationships among these four groups were left 
unresolved but these authors suggested in their section Provisional outline 
classifi cation of the Teleostean fi shes (Greenwood et al. 1966: pages 393–394) 
that the Elopomorpha and the Clupeomorpha share a common ancestry. 
Nelson (1973) and Patterson and Rosen (1977) united the Clupeomorpha 
and the Euteleostei to form the cohort Clupeocephala (Fig. 1.4). Patterson 
and Rosen (1977) presented fi ve morphological characters to diagnose the 
Clupeocephala. According to a recent series of works on the basal teleost 
relationships (Arratia 1997, 1999, 2010), no less than 10 synapomorphies 
support the monophyly of the Clupeocephala.
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1.2.2 The phylogenetic position of the Clupeomorpha within the 
Clupeocephala

Whereas the monophyly of the Clupeocephala is well documented on the 
basis of several anatomical characters as well as the monophyly of the 
modern clupeomorphs [see the early review by Lauder and Liem (1983)], 
the phylogenetic position of the Clupeomorpha within the Clupeocephala 
was until recently uncertain because of the diffi culty of diagnosing the 
Euteleostei. Rosen (1985) was the fi rst author to redefi ne the Euteleostei 
based on “the presence of an adipose dorsal fi n”. Consequently, he excluded 
the esocoids from the Euteleostei, as they lack such adipose fi n. The relative 
positions among the Clupeomorpha, Esocoidei and the Euteleostei sensu 
Rosen (1985) were left unresolved. The fi rst molecular studies aiming to 
test the phylogenetic relationships among the so-called “basal” teleosts 
found unexpected results regarding the phylogenetic position of the 
Clupeomorpha.

The rapid and continuing development of molecular systematics from 
the end of the 1980s was catalyzed by the advances of molecular biology 
(e.g., the polymerase chain reaction), the development of phylogenetic 
reconstruction methods (e.g., parsimony and maximum likelihood) and new 
computing technologies (e.g., faster microprocessors). These developments 
made it possible to test morphology-based phylogenetic hypotheses by 
directly examining inherited genetic variation. Molecular markers provide 
additional characters that can be used to track the evolution of lineages. 
Morphological and molecular studies are complementary approaches to 
search for phylogenetic relationships and often both approaches yield 
similar results. Cases of strong incongruence are rare but often informative, 
as it requires the re-examination of the morphological and molecular 
evidence to document the source of the confl ict.

One of the fi rst unexpected fi ndings in molecular fi sh systematics was 
the sister-group relationship between the Clupeiformes and the Ostariophysi 
(e.g., carps, catfi shes, milkfi shes and relatives) within the Clupeocephala 
(Lê et al. 1993). Since the publication of this explorative work, most of the 
subsequent molecular studies that have included at least one representative 
from each of the following fi ve groups, Osteoglossomorpha, Elopomorpha, 
Clupeiformes, Ostariophysi sensu Fink and Fink (1981) and Euteleostei 
(excluding Ostariophysi), have recovered a sister-group relationship 
between the Clupeiformes and Ostariophysi with high statistical support 
(Zaragüeta-Bagils et al. 2002, Ishiguro et al. 2003, Lavoué et al. 2005, Li et 
al. 2008, Near et al. 2012, Chen et al. 2013).

The re-examination of the morphology of these fi shes led to the discovery 
of fi ve synapomorphies (Johnson and Patterson 1996, Lecointre and Nelson 
1996, Arratia 1997, Wiley and Johnson 2010). This group is named Otocephala 
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(Johnson and Patterson 1996) [preferred] or Ostarioclupeomorpha (Arratia 
1997) or Otomorpha (Wiley and Johnson 2010).

Whereas the close relationship between the Clupeiformes and 
Ostariophysi is now well documented, it was only more recently that the 
phylogenetic position of a largely overlooked group of deep-sea fi shes, 
named the Alepocephaliformes (tubeshoulders and slickheads), was 
examined using molecular data (Ishiguro et al. 2003). The Alepocephaliformes 
comprise two to three families and about 100 species (Nelson 2006). It is 
generally classifi ed within the euteleost order Argentiniformes (Begle 1992, 
Johnson and Patterson 1996, Nelson 2006). In Ishiguro et al. (2003) as well 
as in all subsequent molecular studies addressing the relationship of the 
Alepocephaliformes within the Teleostei, the Alepocephaliformes and the 
Otocephala form a strongly supported monophyletic group (Lavoué et al. 
2008b, Poulsen et al. 2009, Kawaguchi et al. 2012, Near et al. 2012).

As for the relationship between the Clupeiformes and Ostariophysi, the 
monophyly of the Alepocephaliformes and Otocephala is an unexpected 
result because the Alepocephaliformes do not appear to share any progressive 
morphological characters with the Clupeiformes and/or Ostariophysi 
(Johnson and Patterson 1996, Diogo 2008). Current molecular evidence 
offers only moderate support for a clade formed by the Alepocephaliformes 
and the Ostariophysi; the Clupeiformes being the sister group of this clade 
(Lavoué et al. 2008b, Poulsen et al. 2009, Near et al. 2012).

1.3 Phylogeny and classifi cation of the Clupeoidei (Clupeiformes)

1.3.1 Morphology-based phylogenetic hypotheses

The Clupeoidei is the speciose sister group of the monotypic Denticipitoidei. 
Several morphological characters support its monophyly (Grande 1985, 
Di Dario 2004, Di Dario and de Pinna 2006), among them: 1) “Fusion of 
the fi rst uroneural with the fi rst preural centrum” (Fig. 2B), 2) “reduction 
in relative size of the fi rst ural centrum” (Fig. 1.2B), 3) “loss of lateral line 
scales” and 4) “separation of the parhypural from the fi rst ural centrum” 
(Fig. 1.2B) [characters 4–7 in Fig. 1.7].

Nelson (1967, 1970b) extensively examined the gill arches anatomy of 
the Clupeoidei (Fig. 1.5A). He recognized four different superfamilies, each 
comprising only one family: Chirocentroidae (Chirocentridae), Engrauloidae 
(Engraulidae), Pristigasteroidae (Pristigasteridae) and Clupeoidae 
(Clupeidae). The interrelationships among these four superfamilies were 
left unresolved. Whitehead (1985a) and Grande (1985) presented a similar 
taxonomical arrangement with the same four families (Figs. 1.5B and C). 
Grande (1985) proposed a single character to support the sister group 
relationship between the Clupeidae and Chirocentridae (=Clupeoidae) 
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Figure 1.5. Previous family-level phylogenetic hypotheses of the Clupeoidei from Nelson 
(1970b) to Miyashita (2010). Arrows indicate specifi c relationships newly supported by the 
corresponding reference. Question marks indicate poorly defi ned groups. Abbreviations: 
Engr., Engraulidae; Prist., Pristigasteridae.
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(Fig. 1.5B): “increase in pleural rib to preural vertebrae ratio”. Patterson 
and Johnson (1995) suggested that this character might not be derived. 
Instead, Patterson and Johnson (1995) offered another character to support 
the monophyly of Clupeoidae: the “rib/epicentral fusion”.

The classifi cation of Sato (1994), based on the interpretation of a cladistic 
analysis of a morphological dataset, slightly differed from the preceding 
ones because it did not recognize the Pristigasteridae as a distinct family 
but as a clupeid subfamily (Fig. 1.5D).

Siebert (1997) identifi ed clupeoid synapomorphies in the paedomorphic 
freshwater genus Sundasalanx (family Sundasalangidae) that was previously 
classifi ed within the Osmeriformes (Roberts 1981). Siebert (1997) further 
hypothesized that Sundasalanx and the dussumieriid genus Jenkinsia 
were closely related to each other because of the similarity in their caudal 
skeletons. Subsequent molecular studies confirmed the placement of 
Sundasalanx within the Clupeoidei but not a close relationship to Jenkinsia 
(Ishiguro et al. 2005, Lavoué et al. 2007).

Recently, Di Dario (2002, 2009) and Miyashita (2010) re-examined 
the relationships among the clupeoid families using different sets of 
morphological characters (Fig. 1.5E and F). Di Dario (2002) identifi ed three 
synapomorphies to support the sister relationship between the Clupeoidea 
of Grande (1985) and the Engraulidae (Engrauloidea) (Fig. 1.5E): 1) 
“presence of cartilage chevrons at the tips of epicentrals”, 2) “posteriorly 
directed parapophyses of the second vertebra” and 3) “interzygapophyseal 
articulation” [characters 39–41 in Fig. 1.7]. The Pristigasteridae is 
hypothesized to be the sister group of this clade. Later, Di Dario (2009) 
completed his investigation in refuting the monophyly of the Clupeoidea: the 
Chirocentridae was more closely related to the Engraulidae (Engrauloidea) 
than to the Clupeidae [see Fig. 10 in Di Dario (2009), p. 377]. Seven characters 
support this relationship (Di Dario 2009), among them: 1) “posterodorsal 
margin of metapterygoid in line with the condyle of articulation of the 
hyomandibula with the opercle”, 2) “presence of a laminar outgrowth of the 
anterior margin of quadrate” and 3) “endochondral portion of quadrate in 
the shape of an isosceles triangle” [characters 36–38 in Fig. 1.7]. Miyashita 
(2010) proposed a different hypothesis in which the Engraulidae is the sister 
group of the rest of the Clupeoidei because the pristigasterids, chirocentrids 
and clupeids share “a unique occipital articulation with the fi rst vertebra” 
[character 35 in Fig. 1.7] (Fig. 1.5F).

The classifi cation of the family Clupeidae is the most challenging because 
of the diffi culty of diagnosing the Clupeidae and several of its subfamilies. 
Nelson (1970b) excluded the Pristigasteridae from the Clupeidae but 
admitted that, even without the Pristigasteridae, the Clupeidae was still 
weakly supported by some “tendencies toward loss of teeth, proliferation 
of gill rakers and development of a mediopharyngobranchial cartilage and 
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epibranchial organs”. Grande (1985) provided one diagnostic character to 
defi ne the Clupeidae of Nelson (1970b), “the presence of two long, rod-like 
postcleithra” (Fig. 1.2C) but, notably, this character is absent in three of the 
four dussumieriid genera (i.e., Dussumieria, Spratelloides and Jenkinsia).

Assuming that the Clupeidae minus the Pristigasteridae is monophyletic, 
Nelson (1970b) presented two characters to further subdivide this group 
into two large subfamilies (see his Fig. 11, p. 27): the Clupeinae sensu Nelson 
(1970b) having “the foramen in the fourth epibranchial” (grouping, at least, 
Etrumeus, Jenkinsia, Spratelloides, Clupea, Sprattus and Potamalosa) and the 
Dorosomatinae sensu Nelson (1970b) based on “the non-overlap of the gill 
rakers” (grouping, at least, Sardinella, Opisthonema, Hilsa and Dorosoma). 
Neither Whitehead (1985a,b) nor Grande (1985) followed this taxonomic 
arrangement, but they agreed with Nelson (1970b) that the Pristigasteridae 
was distinct from the Clupeidae (Fig. 1.5B and C).

Grande (1985) provided diagnoses for the Pellonulinae and 
Dussumieriinae but not for the Alosinae, Dorosomatinae and Clupeinae, 
which he merely considered to be “groups of convenience” because of the 
diffi culty in diagnosing them (Fig. 1.5B). Grande (1985) stated: “the greatest 
remaining problem in clupeomorph systematics is to discover how the 
members of the Dorosomatinae, Clupeinae and Alosinae are interrelated 
within the Clupeoidei”.

The consensus of all these previous morphology-based hypotheses 
emphasizes the following points: 1) the Clupeoidei form a natural group; 
2) the families Engraulidae, Chirocentridae and Pristigasteridae are each 
monophyletic; 3) the most speciose family, the Clupeidae, is poorly defi ned, 
as are several of its subfamilies; 4) there is no consensus about the family-
level phylogenetic relationships and 5) the family Sundasalangidae belongs 
to the Clupeoidei, but its phylogenetic position is uncertain.

1.3.2 Molecular evidence

Several molecular studies aiming to examine the higher level systematics of 
the Clupeoidei, each based on different taxonomic and character sampling 
(Lavoué et al. 2007, 2013, Li and Ortí 2007, Wilson et al. 2008, Bloom and 
Lovejoy 2012), discovered the following consistent results (summarized 
in Fig. 1.6): 1) the monophyly of the Clupeoidei, sister group of the 
Denticipitoidei, 2) the monophylies of the Pristigasteridae, Engraulidae, 
Engraulinae, Coiliinae, and Spratelloidinae, 3) the non-monophyly of the 
Clupeidae sensu Nelson (1970b) as well as the non-monophyly of each of 
the fi ve clupeid subfamilies (i.e., Alosinae, Dorosomatinae, Pellonulinae, 
Dussumieriinae and Clupeinae) and 4) the identifi cation of several major 
lineages of new content.
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In considering the recent molecular phylogenetic results along with 
previous morphological evidence, we herein present and comment on a 
revised classifi cation of the Clupeoidei (Table 1.1, Figs. 1.6, 1.7 and 1.8) in 

Order Clupeiformes 

Suborder DENTICIPITOIDEI 

Family Denticipitidae Clausen 1959. Type genus: Denticeps Clausen 1959. 

Content: Denticeps. 

Suborder CLUPEOIDEI 

Family Engraulidae Gill 1861. Type genus: Engraulis Cuvier 1816. Note: Engraulidae 

preferred to Engraulididae see Wheeler (1990). 

Subfamily Engraulinae Gill 1861 sensu Grande & Nelson 1985. Type genus: Engraulis 

Cuvier 1816. 

Content: Engraulis, Encrasicholina, Stolephorus, Anchoa, Anchoviella, Anchovia, 

Cetengraulis, Jurengraulis, Lycengraulis, Pterengraulis and Amazonsprattus. 

Subfamily Coiliinae Jordan & Steele 1925 sensu Grande & Nelson 1985. Type genus: 

Coilia Gray 1830. 

Content: Coilia, Lycothrissa, Papuengraulis, Setipinna, Thryssa (including 

Thrissina) and Pseudosetipinna. 

Family Chirocentridae Bleeker 1851. Type genus: Chirocentrus Cuvier 1816. 

Content: Chirocentrus. 

Family Pristigasteridae Jordan & Evermann 1896. Type genus Pristigaster Cuvier 1816. 

Subfamily Pristigasterinae Jordan & Evermann 1896 sensu Grande 1985. Type genus: 

Pristigaster Cuvier 1816. 

Content: Pristigaster, Odontognathus, Raconda, Opisthopterus and Ilisha 

africana. 

Subfamily ?Pelloninae Gill 1861 sensu Nelson 2006. Type genus Pellona Valenciennes 

1847. 

Content: Pellona, Pliosteostoma, Chirocentrodon, Neoopisthopterus and Ilisha 

(but not Ilisha africana). 

Table 1.1. Revised classifi cation of the Clupeiformes.

Subfamily Coiliinae Bleeker 1872 sensu Grande & Nelson 1985. Type genus: 

Coilia Gray 1830.

Bleeker 1872. Type genus Pristigaster Cuvier 1816.

Bleeker 1872 sensu Grande 1985. Type genus:

Pristigaster Cuvier 1816.

1849

Table 1.1. contd....
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Family ?Dussumieriidae Gill 1861. Type genus: Dussumieria Valenciennes 1847. 

Subfamily Spratelloidinae Jordan 1925 [part of Lineage 5 in Lavoué et al. (2013)]. 

Type genus: Spratelloides Bleeker 1851. 

Content: Spratelloides and Jenkinsia. 

Subfamily Dussumieriinae Gill 1861. Type genus: Dussumieria Valenciennes 1847. 

Content: Dussumieria and Etrumeus. 

Note: a paedomorphic taxon, not yet described and classified, is the sister group of the 

Spratelloidinae (see Lavoué et al. 2008). 

Family ?Clupeidae Rafinesque 1810. Type genus: Clupea Linnaeus 1758. 

Subfamily Clupeinae Rafinesque 1810 new usage [Lineage 4 in Lavoué et al. (2013)]. 

Type genus: Clupea Linnaeus 1758. 

Content: Clupea, Sprattus, Strangomera, Ramnogaster, Potamalosa, Hyperlophus 

and Ethmidium. 

Subfamily Ehiravinae Deraniyagala 1929 new usage [Lineage 3 in Lavoué et al. 

(2013)]. Type genus: Ehirava Deraniyagala 1929. 

Content: Ehirava, Sundasalanx, Clupeichthys, Clupeoides, Minyclupeoides, 

Corica, Gilchristella, Clupeonella, Sauvagella, Spratellomorpha and Dayela. 

Subfamily Alosinae Svetovidov 1952 new usage [Lineage 2 in Lavoué et al. (2013)]. 

Type genus: Alosa Linck 1790. 

Content: Alosa, Brevoortia, Sardinops and Sardina. 

Subfamily Dorosomatinae Gill 1861 new usage [Lineage 1 in Lavoué et al. (2013)]. 

Type genus: Dorosoma Rafinesque 1820. 

Content: Dorosoma, Hilsa, Ethmalosa, Tenualosa, Gudusia, Gonialosa, 

Konosirus, Clupanodon, Nematalosa, Anodontostoma, Herklotsichthys, 

Opisthonema, Harengula, Amblygaster, Sardinella, Escualosa, Rhinosardinia, 

Pellonula, Odaxothrissa, Nannothrissa, Microthrissa, Potamothrissa, Stolothrissa,

Limnothrissa, Sierrathrissa, Thrattidion, Laeviscutella, Congothrissa, Lile and 

Platanichthys (ad interim). 

Table 1.1. contd.

Cuvier 1816. Type genus: Clupea Linnaeus 1758.

Cuvier 1816 new usage [Lineage 4 in Lavoué et al. (2013)]. 
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Figure 1.6. contd....
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Spratelloides gracilis [AP009145, Japan]

Spratelloides robustus [H101: /, EU552704, EU552786][Australia]

Chirocentrus dorab [AP006229, /]
Chirocentrus cf nudus* [H51: EU552577, EU552658, EU552740]

Spratelloides delicatulus [AP009144, Japan]

Jenkinsia lamprotaemia [AP006230, USA]
undescribed taxon [AP009496, the Philippines]

Ramnogaster melanostoma [Ra226: GQ890214, /, /][Argentina; Garcia et al, 2011]
Ethmidium maculatum [AP011602, Southeast Pacific]

Clupea harengus [AP009133, North Atlantic]

Sprattus antipodum [AP011608, New Zealand]
Sprattus muelleri [AP011607, New Zealand]

Potamalosa richmondia [AP011594, Australia]
Hyperlophus vittata [AP011593, Australia]

Clupea pallasii [AP009134, Japan]

Sprattus sprattus [AP009234, North Atlantic]

Ilisha africana [AP009140, East Africa]

Etrumeus whiteheadi [H37: EU552567, EU552648, EU552730][South Africa]
Etrumeus sadina* [H99: EU552621, EU552702, EU552784][Brownsville, Texas]

Etrumeus micropus* [AP009139, Japan]
Ilisha elongata [AP009141, Japan]

Pellona ditchela [AP011609, Thailand]
Pellona flavipinnis [AP009619, South America]

Anchovia clupeoides [H40: EU552570, EU552651, EU552733][Brazil]

Engraulis encrasicholus [AP009137, Northeast Atlantic]

Lycengraulis grossidens [AP011563, South America]

Anchoa nasus [DDB3300: JQ012374, /, /]
Engraulis japonicus [AB040676, Japan]

Cetengraulis edentulus [H39: EU552569, EU552650, EU552732][Brazil]
Engraulis anchoita [DDB3613: JQ012416, /, /]

Encrasicholina punctifer [AP011561, Marianne Trench, Pacific]

Pterengraulis atherinoides [H1: EU552549, EU552630, EU552712][Brazil]

Anchoa filifera [DDB3409: JQ012387, /, /]_

Jurengraulis juruensis [DDB0827: JQ012340, /, /]

Amazonsprattus scintilla [AP009617, South America]

Anchoviella lepidentostole [H45: EU552572, EU552653, EU552735][Brazil]

Encrasicholina devisi [DDB3247: JQ012367, /, /]

Anchiovella sp [AP011557, South America]

Setipinna tenuifilis* [C31: /, DQ912056, DQ912091][China; Li and Orti, 2007]

Lycothrissa crocodilus [AP011562, Cambodia]

Coilia nasus [AP009135, Japan]

Coilia mystus [C32: /, DQ912057, DQ912092][China; Li and Orti, 2007]

Stolephorus cf chinensi [AP011566, Thailand]

Setipinna cf tenuifilis [DDB3535: JQ012398, /, /][Singapore]

Thryssa cf dussumieri [DDB3249: JQ012368, /, /][Singapore]

Denticeps clupeoides [AP007276, West Africa]

Thryssa mystax [DDB3243: JQ012471, /, /][Singapore]

Coilia reynaldi [AP011559, India]

Stolephoruss cf waitei [AP011567, India]

Setipinna taty [DDB3242: JQ012365, /, /][Singapore]

Thryssa baelama [AP009616, Indonesia]

Stolephorus sp [DDB3219: JQ012362, /, /][Singapore]

Coilia lindmani [AP011558, Cambodia]

Setipinna tenuifilis* [SETIP: /, /, unpublished][India]
Setipinna melanochir [AP011565, Cambodia]

Engraulidae

Engraulinae

Coiliinae

Clupeoidei

Papuengraulis
Pseudosetipinna

Engraulini

Clupeinae

Pristigasteridae

Spratelloidinae

Chirocentridae

Strangomera

Pliosteostoma
Chirocentrodon
Neoopisthopterus
Opisthopterus
Odontognathus
Pristigaster
Raconda

Dussumieriinae
Dussumieria

87

98

100

89

99

100

100

75

100

90 100

90

Denticipitoidei

See Figure 1.6. contd.
(next page)
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Figure 1.6. The molecular phylogenetic tree of the Clupeoidei. The mitogenomic dataset of 
Lavoué et al. (2013) was used as the backbone to construct this tree. Additional taxa with 
incomplete mitochondrial sequences (cytochrome b and/or 12S and 16S rRNAs) were 
principally compiled from Li and Ortí (2007) (code of the individual starting with “C”), Wilson 
et al. (2008) (code of the individual starting with “H”) and Bloom and Lovejoy (2012) (code of the 
individual starting with “DDB”). Other sequence sources are indicated after the corresponding 
sequence name. Denticeps clupeoides is used as the outgroup. This is the maximum likelihood 
tree obtained using the software RAxML (Stamatakis 2006) and the GTRGAMMA model of 
sequence evolution. The mitogenomic sequences are indicated in bold characters and, for each 
of them, the corresponding GenBank accession number and the origin of the individuals are 
indicated in brackets. Taxa with incomplete sequences are indicated in regular characters; the 
code of the individual, the GenBank accession number for the cytochrome b, 12S and 16S rRNA 
sequences (individual missing sequences are indicated with “/”), the geographic origin of the 
samples and the source reference, are successively indicated within brackets.

Figure 1.7. Simplifi ed clupeoid family-level phylogenetic tree (left side) indicating molecular 
(white bars) and morphological (black bars) synapomorphies. The gray bar indicates only 
overall genetic support for the monophyly of the Clupeinae new usage. Each morphological 
character (from 1 to 42) is described in the text. Molecular characters are from the mitogenome 
and are listed in Table 1.2. On the top right side, Miyashita (2010) and Di Dario (2009)’s 
morphology-based hypotheses are shown with characters supporting each hypothesis (see 
text for explanation). On the right side, Dussumieriidae and Clupeidae new usage clades are 
shown with their current morphological support. A question mark before the family-level 
name indicates current weak or ambiguous support for the corresponding family-level group 
monophyly.

Figure 6.4. contd.
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Figure 1.8. Illustrations of representatives for familial and subfamilial groups of Clupeoidei. 
Drawings reproduced from Whitehead (1985a) and Whitehead et al. (1988).

which 15 family-level groups are identifi ed forming seven to fi ve major 
lineages of unresolved positions (Fig. 1.7). The branching pattern among 
these lineages is left unresolved in the absence of unambiguous signal. This 
classifi cation differs from the previous ones as it questions the monophyly 
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Table 1.2. Mitogenomic synapomorphies for family-level clupeoid groups. Abbreviations: 
subst., nucleotide substitution; AcA, amino acid substitution; pos., position; COI, cytochrome 
oxidase I gene; COII; cytochrome oxidase II; ND1, NADH dehydrogenase 1; ND2, NADH 
dehydrogenase 2; ND4, NADH dehydrogenase 4; ND4L, NADH dehydrogenase 4L; ND5, 
NADH dehydrogenase 5; ATP6, ATP synthase 6; ATP8, ATP synthase 8, Cytb, Cytochrome b. 
Amino Acid abbreviations in the standard IUB/IUPAC 3-letter amino acid codes.

Family-level groups: Total: Mitogenomic synapomorphies:

Engraulidae 15 AcA,
19 subst.

COII: pos.21 Leu Ileu and pos.48 Thr Ileu;
ND2: pos.22 Ala Met and pos.267 Leu Ileu;
ND4: pos.323 Val Thr, pos.393 Thr Ser and pos.426 
Gly Ala; ND5: pos.196 Asn Lys, pos.218 Leu Ala 
and pos.481 Lys Asn; ATP6: pos.54 Phe Leu; COI: 
pos.391 Met Val and pos.253 Met Ileu; ATP8: pos.15 
Phe Leu and pos.19 Ileu Thr;
tRNAs: 4 transversions and 6 transitions;
16S rRNA: 1 transversion and 7 transitions;
12S rRNA: 1 transition.

Engraulinae 1 AcA,
2 subst.

Cytb: pos.315 Leu  Ileu;
tRNAs: 1 transversion and 1 transition.

Coiliinae 2 AcA,
1 subst.

ND4: pos.257 Glu Asp; ND5: pos.59 Leu Met;
tRNAs: 1 transition.

Pristigasteridae 14 AcA,
22 subst.

ND1: pos.161 Val Ala, pos.246 Ileu Thr and pos.315 
Val Met; ND2: pos.41 Ileu Ala; ND4: pos.414 
Met Thr; ATP6: pos.37 Arg Gln; COI: pos.29 
Val Ala, pos.73 Ileu Met, pos.122 Ala Val, pos.491 
Thr Met, pos.253 Met Leu and pos.484 Ala Thr; 
ATP8: pos.11 Ala Leu and pos.40 Val Thr;
tRNAs: 1 transversion and 4 transitions;
16S rRNA: 6 transversions and 7 transitions;
12S rRNA: 3 transversions and 1 transitions.

Spratelloidinae 9 AcA,
10 subst.

ND1: pos.259 Glu Trp, pos.275 Val Gly, and pos.158 
Ser Ala; ND2: pos.64 Ala Ser and pos.140 Ala Ser; 
ATP6: pos. 12 Pro Ser and pos.148 Ileu Val; ND4L: 
pos.63 Leu Met; ATP8: pos.43 Glu Gln;
tRNAs: 4 transversions and 1 transition;
16S rRNA: 2 transversions and 1 transition;
12S rRNA: 2 transitions.

Spratelloidinae plus 
undesc. taxon

2 AcA,
2 subst.

ND1: pos.303 Thr Ala; ATP8: pos.48 Glu Asp;
16S rRNA: 1 transversion;
12S rRNA: 1 transition.

Ehiravinae 2 AcA,
1 subst.

COII: pos.5 Ser Ala; ATP6: pos.124 Ala His;
12S rRNA: 1 transition (convergent in the clade 
Encrasicholina but Anchiovella sp.).

Alosinae 2 AcA Cytb: pos.262 Leu Met (convergent in the clade 
Gilchristella); COII: pos.67 Ileu Val (convergent in 
Spratelloides delicatulus and Tenualosa spp.).

Dorosomatinae 3 AcA COII: pos.36 Thr Val (further derived Val Met in 
the clade (Tenualosa, Gudusia)); ND5: pos.273 Gln His 
and pos.325 Asn Asp.

Table 1.2. contd....
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of the Dussumieriidae and Clupeidae but it improves the situation within 
the “Clupeidae” in recovering monophyletic subfamilies.

1.3.3 Comments on a revised classifi cation of the Clupeoidei 
(Clupeiformes)

The family Engraulidae [not Engraulididae, see Wheeler (1990) and van 
der Laan et al. (2013)] currently includes about 144 species in 17 genera 
(Eschmeyer 2013). Species of the genus Engraulis are of incomparable 
economic importance and the Peruvian anchovy, Engraulis ringens, is by far 
the most harvested fi sh species in the world (FAO Fisheries Department 
2011). The Engraulidae has long been perceived as a natural group 
because of the particular snout morphology of most of its representatives 
(Nelson 1984b, Stephens 2010). Grande and Nelson (1985) identifi ed two 
morphological characters to support the monophyly of the Engraulidae: 
1) “the oblique inclination of the suspensorium” and 2) “the mesethmoid 
bone projects in advance of the vomer and supports a paired rostral organ” 
(Fig. 1.2D) [characters 8–9 in Fig. 1.7]. Molecular markers have confi rmed 
the monophyly of this family (Lavoué et al. 2010, Bloom and Lovejoy 
2012). The mitogenome provides 34 unique amino acid and nucleotide 
substitutions (Table 1.2).

Morphological (Grande and Nelson 1985) and molecular variation 
(Lavoué et al. 2010, Bloom and Lovejoy 2012) also concur to divide the 
Engraulidae into two subfamilies. The Engraulinae comprises the New 
World anchovies, including Amazonsprattus, along with the worldwide-
distributed genus Engraulis, and the Indo-West Pacifi c genera Stolephorus 
and Encrasicholina on the basis of seven characters (Grande and Nelson 1985) 

Alosinae plus 
Dorosomatinae

1 AcA COII: pos.52 Asn Asp (convergent in Chirocentrus).

Alosinae plus 
Dorosomatinae plus 
Ehiravinae

3 AcA,
1 subst.

ND1: pos.158 Ser Cys (reversion in the clade Ehirava) 
and Hilsa kelee; ND4: pos.454 Leu Phe (convergent in 
Ethmidium, Chirocentrus and reversion in Sundasalanx 
sp1); ND5: pos.332 Leu Phe;
12S rRNA: 1 transition.

Clupeoidei excluding 
Engraulidae

3 AcA,
4 subst.

ND1: pos.313 Ileu Leu; ND2: pos.89 Met Leu 
(reversion in Etrumeus, Spratelloides and the clade 
Ehirava); ND5: pos.432 Ileu Val (reversion in undescr. 
taxon);
tRNAs: 1 transition;
16S rRNA: 1 transition (reversion in Jenkinsia);
12S rRNA: 2 transitions.

Family-level groups: Total: Mitogenomic synapomorphies:
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[characters 10–16 in Fig. 1.7]. The mitogenome provides three additional 
characters (Table 1.2). The Coiliinae comprises the Indo-West Pacifi c genera 
Coilia, Lycothrissa, Papuengraulis, Setipinna, Pseudosetipinna, and Thryssa 
(including Thrissina) as these fi shes have “lost the peg on the proximal end 
of the upper most ray of the lower caudal lobe” (Grande and Nelson 1985) 
[character 17 in Fig. 1.7] and share two unique amino acid substitutions 
(Table 1.2).

The relationships within the Engraulinae have been studied both using 
morphology (Nelson 1983, 1984a, 1986, Grande and Nelson 1985) and 
molecular markers (Grant et al. 2010, Bloom and Lovejoy 2012) leading 
to different results. In the most taxon-rich molecular study, Bloom and 
Lovejoy (2012) found that several genera of New World anchovies as well 
as Engraulis are not monophyletic. The relationships within the Coiliinae 
are mostly unstudied.

The family Chirocentridae (wolf herrings) currently includes only two 
morphologically similar species from the Indo-West Pacifi c, Chirocentrus 
dorab and C. nudus (Luther 1985, Whitehead 1985a). These large piscivorous 
fi shes are readily distinguishable by their compressed and elongated body, 
with only the pelvic scute present but reduced. The phylogenetic position 
of the wolf herrings within the Clupeoidei is not yet established (Grande 
1985, Di Dario 2009, Lavoué et al. 2013) (Fig. 1.7).

As redefined by Nelson (1970b) and Whitehead (1972), the 
Dussumieriidae [round herrings (Nelson 2006)] comprises only four marine 
genera (Dussumieria, Etrumeus, Spratelloides and Jenkinsia) that share “an 
unkeeled and W-shaped pelvic scute immediately anterior to the pelvic fi ns 
along with the absence of any other scute” (Whitehead 1962a) [character 33 
in Fig. 1.7]. Recent molecular investigations that included three of the four 
genera found that the Dussumieriidae were not monophyletic (Lavoué et 
al. 2007, 2013, Li and Ortí 2007, Wilson et al. 2008) (Fig. 1.6). In his talk given 
at the 1968 ASIH meeting, William Eschmeyer (pers. comm.) suggested 
that Spratelloides and Jenkinsia are more closely related to Clupeidae than to 
Dussumieria and Etrumeus based on morphological evidence (check also van 
der Laan et al. 2013). However, we temporarily retain the Dussumieriidae 
sensu Nelson (1970b) in our classifi cation in the absence of a supported 
alternative hypothesis.

Grande (1985) showed the Dussumieriidae were divisible into two 
subfamilies. The Spratelloidinae (=tribe Spratelloidini of Grande 1985) 
comprises Spratelloides and Jenkinsia. It is supported by four morphological 
characters (characters 19–22 in Fig. 1.7) among which are 1) “the reduction of 
number of epurals to 1” and 2) “the fusion of the fi rst ural centrum to the fi rst 
preural centrum” and 19 molecular characters (Table 1.2). An undescribed 
paedomorphic taxon is likely the sister group of the Spratelloidinae as 
evidenced by the sharing of two unique amino acid residues and two 
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nucleotide substitutions (Lavoué et al. 2008a) (Table 1.2). The Dussumieriinae 
(=tribe Dussumieriini of Grande 1985) comprises Dussumieria plus Etrumeus. 
Two morphological characters support its monophyly (Grande 1985): 1) 
“an extremely high number of branchiostegal rays” and 2) “the parhypural 
fused with the fi rst preural centrum” (characters 23–24 in Fig. 1.7).

Recently, the two most ancient (about 74 millions yr old) members 
assigned to the Dussumieriidae were described (Taverne 2002, 2007b). 
†Portoselvaggioclupea whiteheadi is only known by one caudal skeleton while 
the skeleton of †Nardoclupea grandei is more complete. The caudal skeletons 
of these two fossils bear strong resemblance with those of the living 
dussumieriids, especially with Dussumieria and Etrumeus (Dussumieriinae), 
in having the “parhypural fused with the fi rst preural centrum” (Taverne 
2002, 2007b). †Nardoclupea grandei, however, does not exhibit the only truly 
dussumieriid character, the unkeeled and W-shaped pelvic scute (character 
not observable in †Portoselvaggioclupea whiteheadi). The oldest member of 
the Dussumieriidae with this character is an undescribed taxon known 
from the Eocene (52 millions yr ago, MYA) of the Monte Bolca Formation 
in Italy (Grande 1985).

The family Pristigasteridae (longfi n herrings) includes nine genera 
and about 40 species distributed worldwide in tropical waters (Eschmeyer 
2013). Some pristigasterids are of signifi cant local economic value (Blaber et 
al. 1998, Zhang et al. 2009). At least three unique morphological characters 
support the monophyly of the living Pristigasteridae: 1) “Predorsal bones 
oriented either vertically or inclined anterodorsally”, 2) “loss of interlobar 
notch in third hypural of caudal skeleton” and 3) “prominent basibranchial 
dentition, including separate toothplates fused with B2 and one or more 
pairs of hypobranchials” (Nelson 1967, p. 392) [characters 25–27 in Fig. 
1.7]. The mitogenome provides 36 additional diagnostic characters (Table 
1.2). The Santonian (83.5–85.8 MYA) †Gasteroclupea branisai of Bolivia 
is currently identifi ed as the oldest pristigasterid (Grande 1982a, 1985). 
Because †Gasteroclupea branisai lacks one morphological synapomorphy 
of the living pristigasterids, this fossil is considered to be a stem 
pristigasterid and provides a corresponding minimum age for the stem 
group Pristigasteridae.

The phylogeny of Pristigasteridae has not yet been comprehensively 
examined. Grande (1985) recognized three groups: 1) the Pristigasterinae 
(= Grande’s Pristigasteridae) supported by the “presence of a bony process 
on the fi rst pleural rib which articulates with the shoulder girdle” (character 
28 in Fig. 1.7), 2) the Pelloninae (= Grande’s Pellonidae) supported by the 
“maxillary-premaxillary gap covered by bone” (character 29 in Fig. 1.7) 
and 3) the genus Ilisha (minus “Ilisha” africana that was placed within the 
Pristigasterinae). According to de Pinna and Di Dario (2003), Ilisha and 
Pellona may not be reciprocally monophyletic, leading Nelson (2006) to 
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include Ilisha within the Pelloninae. We tentatively follow Nelson’s (2006) 
classifi cation.

There is no molecular support for the monophyly of the Clupeidae 
sensu Nelson (1970b) and Grande (1985). It seems, however, possible to 
defi ne a more restricted group from which the Dussumieriidae is excluded 
but the Sundasalangidae is included (see Lavoué et al. 2013). We retain 
the diagnostic character “presence of two long, rod-like postcleithra” (Fig.  
1.2C) for the more restrictive family Clupeidae new usage (character 34 
in Fig. 1.7). The phylogenetic position of Etrumeus, which possesses this 
character, needs to be further investigated and the condition in Sundasalanx 
needs to be examined. The family Clupeidae is further dividable into four 
monophyletic subfamilies, discussed later.

The composition of the subfamily Clupeinae new usage is limited to the 
temperate genera Clupea (two species), Sprattus (fi ve species), Strangomera 
(one species), Ramnogaster (two species), Ethmidium (one species), 
Hyperlophus (two species) and Potamalosa (one species). Evidence for the 
monophyly of this group is moderate as there are no unique morphological 
and molecular characters to diagnose it (Fig. 1.7). This subfamily includes 
species of prime economic importance such as the European herring (Clupea 
harengus), the Araucanian herring (Strangomera bentincki) and the European 
sprat (Sprattus sprattus). In 2009, these three species were placed amongst 
the top 15 of the world principal fi sh species for capture production (FAO 
Fisheries Department 2011).

Ethmidium, Hyperlophus and Potamalosa share the particularity of having 
complete dorsal series of scutes, from the occiput to the dorsal fi n origin, 
a unique character within the living clupeoids otherwise known in some 
fossils. Despite this character, Ethmidium was frequently classifi ed within 
the Alosinae whereas Hyperlophus and Potamalosa were placed within the 
Pellonulinae (Grande 1982a, Whitehead 1985a). The complete series of 
dorsal scutes observed in these three genera may have a unique evolutionary 
origin. If correct, this character is a synapomorphy of the Clupeinae new 
usage, secondarily lost in the Clupea/Sprattus lineage (character 42 in Fig. 
1.7). This also may have important implications for the phylogenetic 
positions of some “double-armored” fossil genera such as the Paleocene/
Eocene †Knightia (Grande 1982b).

The subfamily Ehiravinae new usage comprises the tribe Ehiravini of 
Grande (1985) (i.e., Ehirava plus Dayela, Spratellomorpha plus Sauvagella, 
Gilschritella, Clupeichthys and Corica) plus the genera Clupeoides 
and Minyclupeoides, Sundasalanx (previously classified within the 
Sundasalangidae) and Clupeonella (previously classified within the 
Clupeinae). Except for some Clupeonella species reaching up to 20 cm SL, 
all other ehiravin species are small (less than 9cm SL) and most of them 
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are confi ned to freshwater and estuarine habitats bordering the Indo-West 
Pacifi c region. Clupeonella spp. catches in the Caspian Sea are signifi cant 
(Mamedov 2006) while only a few other species of this subfamily may have 
a non-negligible local economic value, such as Sundasalanx spp. in Borneo 
(Kottelat and Widjanarti 2005) and Corica soborna in Bangladesh (Hossain 
et al. 2008).

A possible derived morphological character (not unique) supporting 
the monophyly of the Ehiravinae is the “fusion of the fi rst ural centrum 
with the fi rst preural centrum” (Grande 1985) [character 30 in Fig. 1.7]. This 
character is also observed in Sundasalanx (Siebert 1997). Only the genus 
Clupeoides lacks this character (Grande 1985), and we interpret its absence 
in Clupeoides as a secondary loss. According to Grande (1985), this character 
evolved at least three more times within the Clupeoidei: 1) within the 
Spratelloidinae, 2) within the tribe Pellonulini (herein classifi ed within the 
Dorosomatinae), and 3) within the Engraulinae. Three molecular characters 
support the monophyly of the Ehiravinae (Fig. 1.7, Table 1.2).

Recently, Taverne (2011) described the clupeid fossil †Lecceclupea 
ehiravaensis that he assigned to the tribe Ehiravini sensu Grande (1985). This 
discovery is remarkable because †Lecceclupea ehiravaensis represents the 
oldest known ehiravin fossil (74 millions yr old), signifi cantly extending 
the temporal occurrence of this lineage.

The subfamily Alosinae new usage (shads, alewives, menhadens and true 
sardines) is here restricted to only four temperate genera, all economically 
important (FAO Fisheries Department 2011): Alosa, Brevoortia, Sardinops 
and Sardina. Only two unique molecular characters support its monophyly 
(Table 1.2). Sardina pilchardus is the sister group of Sardinops (Nelson 1967). 
The genus Sardinops comprises several (up to fi ve) genetically closely related 
species or populations (Bowen and Grant 1997). Brevoortia is the sister group 
of Alosa. These two genera share more ecological similarities than with their 
sister group (Sardina, Sardinops) such as a greater tolerance to low salinity 
with several euryhaline/anadromous species (e.g., Brevoortia patronus, 
Alosa pseudoharengus), and with some populations/species landlocked in 
freshwaters in Europe and North America. Faria et al. (2006) and Bowen 
et al. (2008) examined the phylogeny of the North American and West 
European species of Alosa. The 15 or so Alosa species occurring in the 
Caspian Sea system, previously classifi ed within the genus Caspialosa, are 
in need of revision (Kottelat and Freyhof 2007). Anderson (2007) examined 
the systematics of the North American menhadens (four species) and García 
et al. (2008) examined the phylogeny of the South American Brevoortia 
species.


