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The Ichthyological Society of Japan (ISJ) was established on 
3 April 1968 and celebrated 50 years of existence in 2018. 
The significance of this first commemorative project is pri-
marily aimed to record the history of the ISJ, in addition 
to expressing the hope for future smooth management and 
development of the society.

Twenty-two years prior to the establishment of ISJ, the 
“Uo no Kai” (Japanese Society of Ichthyology) was formed 
in 1946, catering to people interested in fish biology. From 
1950, “Uo no Kai” edited the old “Japanese Journal of 
Ichthyology” (JJI) (Vols. 1–14), published as an academic 
magazine. However, the number of manuscripts submitted to 
the journal progressively decreased, although many ichthy-
ologists hoped for a revival of its fortunes. Renewed impetus 
followed the visit of many foreign ichthyologists to Japan 
for the 11th Pacific Science Association Conference, held in 
Tokyo in 1966. From this was born the idea of establishing 
ISJ. In 1967, some members of “Uo no Kai” began planning 
for the establishment of a new academic society related to 
fish biology, advancing various administrative procedures. 
Finally, ISJ was founded in 1968.

The important activities of ISJ have always focused on 
periodic publication of an academic journal(s) and Annual 
Meetings, accompanied by a symposium(a). The new JJI 
(Vols. 15–41) has subsequently published four issues 
per volume. Over that time, JJI steadily strengthened its 

academic standing, increasing the proportion of English-
language papers year by year, and achieving an international 
reputation as an academic journal of fish biology in the Indo-
Pacific region. However, during this time, the proportion of 
Japanese-language papers decreased significantly. Accord-
ingly, Ichthyological Research (IR) (published quarterly in 
English) and JJI (semi-annually in Japanese with English 
abstracts) have been issued since 1996 (Vols. 42–). From 
2001, IR has been published by Springer Verlag, Tokyo 
(now Springer Japan), for greater internationalization and 
reduction in publishing costs.

The first annual meeting with research presentations was 
held in March 1969, in Tokyo. Such meetings continued 
each spring in Tokyo until 1995, venues being the National 
Science Museum, Tokyo (now National Museum of Nature 
and Science), or Tokyo University of Fisheries (now Tokyo 
University of Marine Science and Technology). Since 1996, 
the annual meetings have been held in autumn each year, 
rotating between different venues in Japan. Symposia held 
in conjunction with the annual meeting have continued from 
1973. “Autumn Symposia” started in 1972 and continued 
until 1977.

The ISJ committee initially included only the Board of 
Editors. The society has since grown to include the Nature 
Conservation Committee, Japanese Standard Name Com-
mittee, Electronic Information Committee, Gender Equality 
Committee, History Committee and Awards Committee, in 
addition to the Board of Editors

ISJ members initially numbered ca. 330; 50 years later, 
membership reached 1101 individuals (April 2018). The 
number of papers published in JJI for Vol. 15 (1968–1969) 
was only 14, compared with 75 in JJI+IR for Vol. 64 (2017). 
Although society membership has remained relatively flat 
(or gradually decreasing) in recent years, the number of arti-
cles published has increased remarkably.
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The Japanese Archipelago extends for 3,000 km from north 
to south, being almost equal in length to the east coast of 
Australia. The northeastern coast of Hokkaido, located at 
the northernmost part of the archipelago, is covered with 
ice in winter, whereas the southernmost region, the Ryukyu 
Islands, has well-developed coral reefs. Between these two 
extremes, there exist various aquatic habitats: sandy beaches, 
mud flats, estuaries, rocky reefs, kelp beds and very deep 
trenches, exceeding 8,000 m in depth, in the marine realm, 
in addition to freshwater rivers, lakes, ponds and marshes. 
These greatly diversified aquatic habitats have resulted in 
one of the richest fish faunas in the world, totaling some 
4300 species, 13% of fish species worldwide. Such diver-
sification of fishes has attracted western naturalists since 
the 18th century, including Maarten Houttuyn and Carl L. 
Thunberg. Although both described some Japanese fishes 
as new to science, Philipp F. B. von Siebold was the first 
to make extensive collections, taking large numbers of ani-
mal and plant specimens back to the Netherlands. Based 
on fishes collected by Siebold, Coenraad J. Temminck and 
Hermann Schlegel described many fishes in Fauna Japonica 
from 1843 to 1850.

After the Meiji Restoration in 1868, Japanese naturalists 
began studying the systematics of Japanese fishes. In the 
early 1900s, the American ichthyologist David S. Jordan 
visited Japan to collect fishes, taking them back to the USA. 
He and his colleagues, including Shigeho Tanaka, studied 
the taxonomy and zoogeography of these fishes, resulting 
in numerous publications, including many new species. 
Although Japanese ichthyologists were influenced by Jordan 
and his colleagues before World War II, Shigeho Tanaka, 
Yaichiro Okada and Kiyomatsu Matsubara developed their 
own ichthyological studies on fishes of Japan and adjacent 
areas. During the war, many universities and research insti-
tutions in Japan were severely damaged, resulting in difficult 
times for the Japanese ichthyological community. However, 
Matsubara and his students subsequently developed an ich-
thyological center at the Kyoto University, resulting in many 
papers on the taxonomy and phylogeny of various groups of 
fishes being published from the 1950s to the early 1970s.

The Ichthyological Society of Japan, established in 
April 1968, further stimulated Japanese ichthyologists to 
develop their studies on various aspects of ichthyology. 

Over subsequent years, about 10 new fish species have been 
described annually by Japanese ichthyologists, one of the 
highest numbers of new fish species described by researchers 
in a single country and an indication of the great contribu-
tion of Japanese ichthyologists to worldwide understanding 
of fish diversity. From the 1980s, the phylogenetic relation-
ships of many fish groups have been determined on the basis 
of comparative morphology, although DNA analyses have 
become progressively more sophisticated, helping to clarify 
the phylogenetic relationships of many fish groups in recent 
years. Although Japanese ichthyologists are still occupying 
many research positions in universities, museums and other 
institutions in Japan, significant reductions in the number 
of fish researchers, especially taxonomists, have occurred 
in other developed world regions, including Europe, USA, 
Canada, Australia and New Zealand. This underlines the 
importance of Japanese ichthyologists continuing to play 
leading roles in systematic studies on fishes.

Perspectives on deep‑sea fish taxonomy: 
current progress, issues and future 
initiatives

Naohide Nakayama

School of Marine Science and Technology, Tokai University, 
Shimizu, Shizuoka 424‑8610, Japan. 
E‑mail: gadiformes@gmail.com

Occupying more than 90% of the total volume of the world’s 
oceans, the deep sea is by far the largest habitat for fishes. 
However, the taxonomic inventory of deep-sea fishes is 
still far from complete, due both to the limited number of 
taxonomic experts and limited collecting effort for this vast 
area compared with well-investigated freshwater and costal 
habitats (Mora et al. 2008; Eschmeyer et al. 2010; Webb 
et al. 2010). Recent studies have estimated that about 21–30 
% of marine fish species are still to be undescribed, many 
of which likely occupy deep-sea habitats (Mora et al. 2008; 
Eschmeyer et al. 2010). Accordingly, further taxonomic 
studies of deep-sea fishes are strongly encouraged for eluci-
dation of global fish species diversity.
Grenadiers (family Macrouridae) comprise the largest 
group within the order Gadiformes, including more than 
360 named species in ca. 28 genera, with many other spe-
cies still to be described (Iwamoto 2008; Nelson et al. 
2016; Nakayama pers. observ.). As part of a project to 
revise the global diversity of grenadiers, we have con-
ducted a taxonomic review of Japanese species over the 
last 10 years. Although the taxonomy of Japanese grena-
diers has been progressively reviewed over the years, by 
Jordan and Starks in Jordan and Snyder (1904), Gilbert 
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and Hubbs (1918) and Okamura (1970a, b), a number of 
additional specimens have accumulated in various museum 
collections as a result of collecting efforts in previously 
unexplored areas. In addition, several issues regarding the 
synonymies of nominal taxa have made identification of 
common species difficult. Our study, based on examina-
tions of museum specimens, complemented by field sur-
veys, resulted in the recognition of 71 species in 15 genera 
of grenadiers from Japanese waters, including at least six 
undescribed species at the time of examination (three sub-
sequently described: Coryphaenoides soyoae Nakayama 
and Endo 2016; Hymenocephalus yamasakiorum Nakay-
ama, Endo and Schwarzhans 2015; Nezumia shinoharai 
Nakayama and Endo 2012) and three new records (Coe-
lorinchus sheni Chiou, Shao and Iwamoto 2004; Cory-
phaenoides rudis Günther 1878; Odontomacrurus murrayi 
Norman 1936). In addition, seven nominal species, previ-
ously considered valid, were recognized as junior syno-
nyms of other nominal species. These discoveries high-
lighted how little we know about the diversity of deep-sea 
fishes, even in previously well-studied taxa and regions.

Recent developments in molecular biology have enabled 
verification of the validity of morphology-based species 
discrimination from a different perspective, by using DNA 
barcoding (e.g., Hebert et al. 2003). In our study of Japa-
nese grenadiers, DNA barcoding also identified boundaries 
between morphologically closely similar species. Further-
more, barcoding may also help to identify unknown sam-
ples to a particular species (e.g., Ratnasingham and Hebert 
2007), and will become an important tool for species iden-
tification for biologists unfamiliar with taxonomy. However, 
it should be emphasized that accuracy of morphological spe-
cies identification of voucher specimens is crucial to subse-
quent molecular analyses. Therefore, the role of morphol-
ogy-based taxonomy will become no less important in the 
DNA barcoding era.

This presentation gives our perspectives on problems and 
points in the practice of deep-sea fish taxonomy, citing our 
recent results for Japanese grenadiers. The advantages, limi-
tations and expected roles of morphology-based taxonomy 
and DNA barcoding are also discussed.
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The species category is a fundamental unit in biology, 
being important for fisheries management and conservation 
of endangered species, especially fishes. More than 30 cri-
teria for species concepts are known (Zachos 2016), with 
the “Biological Species Concept”, based on reproductive 
isolation, having been generally applied for delimiting fish 
species. However, fish species delimitation is readily infer-
able on the basis of morphological divergence due to the dif-
ficulty in directly observing reproductive isolation. In cases 
of allopatric taxa, the objective inference of reproductive 
potential is difficult and requires the use of many different 
sources of data, including molecular, morphological and 
ecological data (Fujita et al. 2012). However, morphological 
characters may often be subject to convergent evolution as 
they are under similar selective pressure (Fišer et al. 2018), 
resulting in discordance between a morphologically defined 
species tree and a gene tree. Conversely, genotype–pheno-
type discordance can provide insights for the detection of 
convergent evolution.

The Sea of Japan, a marginal sea in the western North 
Pacific, is continuous with neighboring water bodies via 

http://www.barcodinglife.org
https://doi.org/10.1371/journal.pone.0010223
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shallow narrow straits, but is considered to have been almost 
completely isolated from them on a number of occasions 
during glacial periods. Past geographic isolation of the 
Sea of Japan has played an important speciation role, and 
recent molecular phylogenetic studies having demonstrated 
a number of geographically significant sister relationships. 
For example, snailfishes of the Careproctus rastrinus species 
complex, widely known from the North Pacific, have been 
revealed as including nine genetically divergent groups, most 
of which corresponded well with the Sea of Japan and other 
marginal seas in the North Pacific (Kai et al. 2011). These 
groups are also morphologically different and are now rec-
ognized as distinct species (Orr et al. 2015). In contrast, no 
genetic divergence was found between two morphologically 
different psychrolutids, Malacocottus gibber, known from 
the Sea of Japan, and Malacocottus zonurus, known from 
the Sea of Okhotsk, Bering Sea and Pacific Ocean (Adachi 
et al. 2009; Stevenson 2015). This evidence suggests that the 
level of genetic divergence among sister species (populations 
within a species) in the Sea of Japan and neighboring waters 
are not always consistent with morphological divergence.

Using the Barcode of Life Data System (BOLD), the 
levels of genetic divergence among sister species (popula-
tions) in the Sea of Japan and neighboring water bodies are 
herein reviewed, with special focus on the bottom-dwelling 
fishes in Cottoidei and Zoarcoidei. The analyses showed 
that the levels ranged variously and were continuous 
among taxa, suggesting difficulty in species delimitation on 
the basis of continuous variables. Interestingly, some sister 
species, recognized on the basis of clear morphological 
differences, exhibited no genetic divergence. In contrast, 
some regional populations within a species exhibited rather 
clear morphological (and low level genetic) divergence. In 
most cases, the species (or populations) in the Sea of Japan 
are characterized as having a larger eye, larger mouth and 
lower counts of meristic characters than the species (or 
populations) in neighboring waters. Because the deeper 
area of the Sea of Japan is uniquely characterized by poor 
species diversity and low water temperature, compared 
with neighboring water bodies (Gamo et al. 2014; Shino-
hara et al. 2014), such morphological differences may sug-
gest that the species (or populations) in the Sea of Japan 
may be subject to regional adaptation.
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The Japanese Archipelago 
as an evolutionary laboratory: genomics 
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Speciation occurs when one population separates into two 
which are reproductively isolated; hybridization between 
these populations is recognized as a process that prevents 
speciation (Dobzhansky 1951). Recently, however, hybridi-
zation between divergent populations has been recognized 
as a powerful speciation mechanism and a driving force in 
generating biodiversity (Abbott et al. 2013). Homoploid 
Hybrid Speciation (HHS) is a process by which a novel 
reproductively isolated group arises through hybridization 
of parental genomes, but without changes in the chromo-
some number. Its importance has recently received more 
attention because of the large number of examples found by 
empirical studies (Schumer et al. 2014). To understand the 
evolutionary process, genomic features of homoploid hybrid 
species were investigated, their genomes being expected to 
include secondary evolutionary changes after HSS, which 
may obscure essential processes for generating novel hybrid 
groups (Nolte and Tautz 2010).

Population genomics of a hybrid zone between diver-
gent groups can play an important role in elucidating the 
first steps toward a homoploid hybrid species (Nolte and 
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Tautz 2010). To date, we have studied hybrid populations of 
Pacific Ocean (PO) and Japan Sea (JS) groups in two coastal 
Japanese gobies, Chaenogobius annularis and Leucopsa-
rion petersii (see Kokita and Nohara 2011; Hirase and Ikeda 
2014; Hirase et al. 2016). The genomic status of a hybrid 
population of C. annularis on the Sanriku coast (Hirase et al. 
2015) was analysed by de novo genome sequencing, RAD-
seq, exome sequencing, and whole mitochondrial genome 
(mitogenome) sequencing. Although all hybrids had the 
genomes of both groups in a ratio of approximately 50%, 
they also showed excess ancestry of either group in many 
genomic regions, suggesting a mosaic feature of hybrid 
genomes. In addition, significantly large numbers of non-
synonymous substitutions occurred in mitogenomes in the 
hybrid population, such substitutions having been likely 
caused by mismatch combinations with nuclear mitochon-
dria-related genes, i.e. mitonuclear incompatibility (Bur-
ton and Barreto 2012). These results suggested that novel 
genomic combinations following hybridization promoted 
novel mitogenome mutations.

The two groups of L. petersii were genetically and pheno-
typically divergent, with the JS group having greater body 
size and vertebral numbers (Kokita and Nohara 2011). 
Hybridization was found in two regions, the Seto Inland 
Sea and the Joban-Kashimanada, characterized by differ-
ent environments (Kokita and Nohara 2011). Examinations 
of multiple hybrid populations are important for assessing 
whether the consequences of hybridization vary with envi-
ronmental conditions (Morgan-Richards and Wallis 2003). 
Accordingly, we performed integrated analyses of genotype 
and phenotype data for these hybrid populations. RAD-seq 
data showed that Seto Inland Sea hybrid populations were 
genetically close to the JS group and Joban-Kashimanada 
hybrid populations to the PO group. Phenotypic patterns of 
vertebral number were clearly explained by genotypes, but 
those of body size were not in the two hybrid zones. These 
findings demonstrated that hybridization could lead to vari-
able genomic and phenotypic consequences under different 
environmental settings.

Phylogeographic studies have demonstrated deep 
genetic divergence and hybridization in Japanese fishes, 
enabling our understanding of evolution by hybridization 
at the genome level for non-model species. I am hope-
ful that population genomics of Japanese fishes in hybrid 
zones, termed “Natural Laboratory” (Hewitt 1988), will 
provide novel insights into biological evolution.
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Morphology is a branch of biology that is based on studying 
the form and structure of the organs of organisms, from which 
important information can be gained. Because morphological 
studies have generally provided important fundamental data 
for various studies, including, for example, those on organ 
function, age estimation and taxonomy, fish morphology has 
gained prominence within ichthyology.

However, observational methods, purposes, and compara-
tive popularity of fish morphology have changed over time. 
For example, a simplified analysis of papers published in the 
journals of the Ichthyological Society of Japan (i.e., Japanese 
Journal of Ichthyology and Ichthyological Research) showed 
the following trends: 1) many papers based on morphological 
studies were published from the 1970s to the 1990s (18–29% 
of the total published); 2) the proportion of such papers has 
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decreased to 7-13% since 2000; 3) external morphology and 
osteology formed the majority of morphological studies in 
the 1950s; 4) studies on histology and microstructure of some 
organs have comprised the majority of papers since the 1960s; 
5) phylogenetic studies based on morphology were very popu-
lar up to the 1990s, but have since given way to molecular 
phylogeny.

Although the advantages of a morphological approach have 
declined in some research areas, such as phylogenetic studies, 
morphological studies of fishes can still make a significant 
impact on ichthyology, due to the introduction of new observa-
tional techniques and changing perspectives on the characters 
observed.

The research group that I belong to has recently studied the 
lateral line system of many teleosts to re-examine the evolu-
tion of the former in fishes, based on neuromast distribution. 
The research group has also studied the lateral line system 
of captive-bred and wild individuals of some fishes. Much 
interesting data has been obtained, leading to many new stud-
ies. These lateral line system studies have recently become 
available due to a new staining method for neuromasts (lateral 
line system sense organs) and have confirmed the benefits of 
continuing morphological studies of fishes.

Field ecology of fishes: toward a better 
understanding of ecosystem linkages 
mediated by fishes

Takuya Sato

Graduate School of Science, Kobe University, Rokkodai,  
Nada, Kobe 657–8501, Japan. 
E‑mail: tsato@people.kobe‑u.ac.jp

Ecosystems are open system, and allochthonous resources 
(AR), such as organisms, detritus and nutrients that move 
across ecosystems, can alter bottom-up and top-down 
forces of community regulation in recipient ecosystems 
(Polis et al. 1997). Fishes often alter their foraging behav-
ior, life history and population dynamics, depending on 
AR. Recently, accumulating evidence has suggested that 
AR are temporally variable; e.g., timing, duration and 
magnitude (Richardson and Sato 2015). However, few 
studies have examined empirically how such temporal 
attributes are important in driving consumer populations, 
including fishes.

In this talk, I will first briefly review studies of eco-
system interactions by focusing on fishes. Then, I will 
introduce our studies that have focused on the effects of 
temporal attributes of AR on salmonid fishes.

Large-scale monitoring revealed that seasonal emer-
gences of terrestrial arthropods and their nematomorph 

parasites (Sato et al. 2011) synergistically determined the 
duration (pulsed vs. prolonged within a season) and sea-
sonal timing (early vs. late in a growing season) of AR 
from forests to streams. A field experiment then revealed 
that prolonged-AR allowed larger salmonid fish to effec-
tively monopolize the AR, which resulted in creating a 
more size-varied population structure, compared with 
pulsed-AR. In another field experiment, fish exhibited a 
higher numerical response to AR occurring early in the 
growing season than late-AR, with timing-dependent life 
history adoptions and diversity. While global warming is 
well known to advance peak timing of the growing season, 
it also leads to longer growing seasons (CaraDonna et al. 
2014). Our studies suggest that if AR become advanced 
and prolonged under climate changes, consumers (such as 
fishes) may increase in abundance, which would in turn 
cause stronger trophic cascades in recipient ecosystems.

Recent advances in monitoring tools and/or statistical 
analyses allow fish ecologists to broaden the spatial and 
temporal scales of their ecological studies. In closing, I 
will briefly introduce our recent studies aimed at revealing 
the importance of amphidromous fish in mediating interac-
tions between riverine and marine ecosystems.
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Behavioral ecology is a field of study aiming to unravel the 
mystery of animal behavior, based on the idea that traits 
such as animal behavior and morphology have undergone 
natural selection during evolution and have evolved adap-
tively. Because fishes exhibit extremely diverse ecology 
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and behavior, they have much to offer as model animals for 
the study of reproductive strategies and mutualism from 
the perspective of behavioral ecology. This presentation 
includes four topics on reproductive strategies in Tanganyi-
kan cichlids and marine sculpins, and on new insights into 
goby–shrimp symbiosis.

Field studies on cooperation and conflict among group 
members of the cooperatively breeding cichlid Juli-
dochromis ornatus in Lake Tanganyika, Africa, revealed 
that: 1) this fish had variable mating combinations including 
pairs (monogamy) and a female with two males (coopera-
tive polyandry) within a population; 2) subordinate males, 
being smaller than dominant males, were genetically unre-
lated to dominants and frequently joined in reproduction; 
and 3) sperm competition occurred between polyandrous 
males, with both males investing in testes larger than in 
monogamous males. Aquarium experiments showed that 
polyandrous females may control the paternity of two males, 
such behavior resulting in increased male parental care. The 
balance between cooperation and reproductive conflict may 
maintain the stability of cooperative polyandry.

Studies were also undertaken on the evolution of sperm 
traits in marine sculpins, host utilization by nine sympatric 
species of marine sculpins and the evolution of ovipositor 
size. Comparing the sperm traits of 27 species revealed 
that copulatory species with female parental or no care had 
longer faster-moving sperm than non-copulatory and copu-
latory species with male parental care. Copulatory species 
have elongated sperm heads, and non-copulatory species 
have oval sperm heads, indicating that sperm evolution may 
have been based on reproductive modes and sperm competi-
tion. Field and genetic studies revealed that the nine sym-
patric species appeared to differ in their utilization of host 
species, such as non-colonial tunicates, sponges and colonial 
tunicates. In addition, we found that two species, which ovi-
posit in colonial tunicates or sponges, have shorter oviposi-
tors than species that deposit eggs in non-colonial tunicates. 
These results indicated that the sculpins had species-specific 
host utilization, and ovipositor size may have evolved based 
on spawning site differences.

Regarding goby–shrimp symbiosis, the relationship 
between gobies and shrimps is generally thought to be 
mutually beneficial, with shrimps providing burrows for 
gobies as refuges, and gobies warning shrimps of potential 
predators. Recently, however, aquarium experiments have 
revealed that gobies provide droppings in their burrows as 
vital food for their partner shrimps. Furthermore, underwater 
observations found that the shrimps never fed outside their 
burrows, but actively excavated sand sediments outside the 
burrows, thus providing feeding opportunities for the gobies. 
This discovery was outside the conventional interpretation 
of goby–shrimp symbiosis, and it became clear for the first 

time that they had a mutualistic relationship based on feed-
ing each other.

Based on these findings, I discuss the new developments 
about next-generation research of fish behavioral ecology.

The role of neuropeptides in the regulation 
of fish fighting behavior

Nao Kagawa

Faculty of Science and Engineering, Kindai University, 
Kowakae, Higashiosaka, Osaka 577‑8502, Japan. 
E‑mail: kagawa@life.kindai.ac.jp

Social behavior is ubiquitous in the Animal Kingdom, and 
the many behavioral types including fighting, schooling 
and reproductive behavior are observed. In particular, fight-
ing behavior is important for establishing the social rank 
of individuals. Since social hierarchy influences the food, 
habitation, health and reproduction of individuals, it is nec-
essary to understand how animals develop social interactions 
via fighting behavior, and which mechanisms regulate such 
behavior. However, little is known about the physiological 
factors and brain responses which regulate fighting behav-
ior. Recently, many studies have demonstrated that neuro-
peptides in the brain are associated with social behavior in 
fishes. Here, I will review the findings regarding which neu-
ropeptides are associated with fighting behavior and social 
hierarchy in fishes.

It has been well established that two hypothalamic neu-
ropeptides, gonadotropin-releasing hormone (GnRH1) 
and arginine vasotocin (AVT), are associated with fight-
ing behavior and/or social rank in several fish species, e.g., 
Oncorhynchus mykiss, Astatotilapia burtoni, Oreochromis 
mossambicus, Thalassoma bifasciatum, Carassius auratus, 
Danio rerio and Oryzias latipes. Primary among reproduc-
tive hormones via the hypothalamus–pituitary–gonad (HPG) 
axis, GnRH1 has a key role in stimulating the release of 
gonadotropins into the bloodstream. For example, among 
male and female A. burtoni reared in a single tank in which 
males had fought each other continuously for a few weeks, 
dominant males showed a high expression of GnRH1 in the 
brain resulting in an active HPG axis, whereas subordinate 
males had a low expression of GnRH1 with often suppressed 
reproductive function (Fernald and Maruska 2012). Addi-
tionally, males can reversibly switch between dominant 
and subordinate states, according to changes in their social 
environment, with such state switching involving remark-
able changes in fighting behavior and reproductive physiol-
ogy. For example, removal of dominant males from a tank-
held community with an established social hierarchy, and 
addition of new males smaller than the subordinate males 
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already present, resulted in the latter (subordinate males) 
ascending in social status. Such ascending males increased 
their aggressive behavior within minutes of recognizing the 
social opportunity, but GnRH1 levels in the brain required 
about thirty minutes for a similar increase. Furthermore, 
other reproductive physiological changes took up to 1 week 
to achieve levels similar to those in the initially dominant 
males. This suggests that changes in brain GnRH1 levels 
depend upon social rank, although GnRH1 itself does not 
regulate aggressive behavior in male–male competition.

AVT has multiple roles in regulating various physiologi-
cal and behavioral events, such as osmoregulation, stress 
response, male–male competition, and reproduction. In 
many teleosts, AVT neurons have been identified by soma 
size as comprising three populations in the POA: giganto-
cellular nuclei (gPOA), magnocellular nuclei (mPOA) and 
parvocellular nuclei (pPOA), each thought to have different 
physiological and behavioral functions (Greenwood et al. 
2008; Kagawa 2013). For example, AVT levels in the mPOA 
and pPOA are involved in osmoregulation and the hormonal 
stress response via the hypothalamus–pituitary–interrenal 
axis, respectively. Furthermore, high expressions of AVT in 
the gPOA and mPOA are seen in dominant males, whereas 
that in pPOA is seen in subordinate males. Additionally, our 
recent study of Oryzias latipes demonstrated rapid changes 
in AVT mRNA expression in each brain region within thirty 
minutes following social status switching. It has also been 
reported that AVT treatment increases aggressive behavior 
in Stegastes leucostictus within 15 min, whereas treatment 
with AVT-receptor antagonist decreases such behavior (San-
tangelo and Bass 2006). Considering the above evidence, 
it is suggested that AVT levels in distinct brain regions are 
good indicators of social rank in fishes, with AVT regulat-
ing fighting behavior and physiological events arising from 
male–male competition.

In addition to the above neuroendocrinological findings, 
recent studies have suggested the possibility that a social 
behavior network (SBN) in the brain is responsible for the 
regulation of fighting behavior in fishes. The SBN model is 
proposed for understanding the activation of neural circuits 
in social behavior. In this presentation, I will describe the 
possible role of GnRH- and AVT-neurons in the SBN in 
fishes.
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The study of larval fish taxonomy has progressed greatly 
since 1980, many atlases and identification guides for dif-
ferent stages being published, such as Ozawa (1986) (west-
ern north Pacific), Okiyama (1988) and Okiyama (2014) 
(waters adjacent to Japan), Oliver and Fortuño (1991) 
(southeastern Atlantic), Moser (1996) (northeastern 
Pacific), and Leis and Carson-Ewart (2000) (Indo-Pacific). 
Accordingly, information on larval stages is almost com-
plete for many taxa, but still poorly known in others, the 
larvae of a number of taxa having never been collected. 
The latter category includes deep-sea demersal fishes, such 
as Alepocephalidae, Macrouridae, Ophidiidae and Lipari-
dae. The paucity of deep-sea demersal fish larvae is the 
consequence of larval sampling having been conducted 
mainly in the upper water column to date, whereas near-
bottom sampling has been neglected due to many inherent 
difficulties, e.g., the sampling device either contacting the 
bottom or detaching far from it. Since 2002, a monthly 
near-bottom larval sampling program has been conducted 
on the upper continental slope of Suruga Bay, to clarify 
the ontogeny of resident deep-sea demersal fishes. Dur-
ing the program, sampling problems have been resolved, 
including construction of a larval sampling device which 
can be reliably towed by a small survey vessel (20 t) near 
bottom (1–8 m above the seabed) at depths of 97–1,121 m.

A total of 261 larvae and juveniles of demersal fishes, 
representing 27 species (including 12 unidentified) in 
15 genera (12 families), were collected by near-bottom 
sampling between 2006 and 2009. Of these, Leptoderma 
lubricum and Leptoderma retropinnum (Alepocephalidae), 
Coryphaenoides marginatus and Coelorinchus kishinouyei 
(Macrouridae) and Paraliparis dipterus (Liparidae) were 
the first larval stage records, enabling clarification of their 
overall ontogeny. Three distribution patterns, including 
the water column, were determined as follows: type A, 
larvae to adults occurring only near bottom, e.g., alepo-
cephalids; type B-1, larvae and early juveniles rising to 
shallower depths in the water column, late juveniles and 
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adults occurring near bottom, e.g., macrourids; type B-2, 
juveniles and adults collected near bottom, but no larvae 
collected to date, e.g., synaphobranchids and neoscope-
lids. The general ontogeny of type A species differed from 
those of type B-1, being characterized by the acquisition 
of general adult characters, such as fin-ray numbers and 
body proportions, during an early developmental stage 
(late developmental stage in type B-1) and indistinct 
transformation thereafter (transformation stage apparent). 
The former spawned a few large-diameter demersal eggs 
(numerous small-diameter pelagic eggs) and remained 
near bottom throughout life (rising in the water column 
during the larval stage). The early acquisition of general 
adult characters in type A species, related to advancement 
of swimming ability, apparently contributes to an improve-
ment in predatory ability, as well as mitigation of preda-
tion pressure in the early stages. Adult synaphobranchids 
and neoscopelids (type B-2) were abundantly collected 
in Suruga Bay. However, larval and juvenile nurseries of 
those species are likely to be elsewhere in the vast mes-
opelagic/bathypelagic zone and are yet to be discovered.
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Contributions of descriptive research to fish 
conservation
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Biodiversity conservation is currently an important social 
issue, with ichthyologists having certain responsibilities 
with regard to conservation of fishes. Descriptive research, 
taxonomy and population ecology all contribute directly to 

such conservation. In the Red List 2018 (Ministry of the 
Environment 2018), 252 fish taxa are listed, 35 of which 
have been newly described since 2000. While it may be said 
that taxonomic studies are reflected in the conservation strat-
egy, there remain 33 undescribed/undecided species on the 
list requiring urgent taxonomic consideration. However, an 
understanding of life histories based on population ecology 
is also indispensable for promoting conservation measures. 
For example, species that move considerably during growth 
or utilize a special habitat for egg laying may not be pro-
tected if only a part of their overall habitat requirement is 
protected. For species whose life history has been clarified, 
for example Acheilognathus longipinnis or Parabotia cur-
tus, conservation has been proceeding smoothly (Abe and 
Iwata 2007; Ogawa 2008). However, there remain many 
species whose life history has been completely unknown. 
Recent developments in phylogeography are also important 
for conservation, with research in this field contributing not 
only to evolutionary aspects but also to the discovery of 
unknown genetic clades or concealed species. The reality 
of descriptive research is such that most is unlikely to be of 
“high impact”, which is disadvantageous owing to recent 
performance-based trends in research. Nevertheless, the 
value of descriptive research in conservation is undoubted 
and must continue to be encouraged and valued. The con-
cluding part is repetitive and has been deleted as such. How 
is my alternative suggestion, which I think is in keeping with 
the author’s intentions?
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