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Foreword

Earth is teeming with life. No one knows exactly how many
distinct organisms inhabit our planet, but more than 5 mil-
lion different species of animals and plants could exist, rang-
ing from microscopic algae and bacteria to gigantic elephants,
redwood trees and blue whales. Yet, throughout this won-
derful tapestry of living creatures, there runs a single thread:
Deoxyribonucleic acid or DNA. The existence of DNA, an
elegant, twisted organic molecule that is the building block
of all life, is perhaps the best evidence that all living organ-
isms on this planet share a common ancestry. Our ancient
connection to the living world may drive our curiosity, and
perhaps also explain our seemingly insatiable desire for in-
formation about animals and nature. Noted zoologist, E.O.
Wilson, recently coined the term “biophilia” to describe this
phenomenon. The term is derived from the Greek bios mean-
ing “life” and philos meaning “love.” Wilson argues that we
are human because of our innate affinity to and interest in the
other organisms with which we share our planet. They are,
as he says, “the matrix in which the human mind originated
and is permanently rooted.” To put it simply and metaphor-
ically, our love for nature flows in our blood and is deeply en-
grained in both our psyche and cultural traditions.

Our own personal awakenings to the natural world are as
diverse as humanity itself. I spent my early childhood in rural
Iowa where nature was an integral part of my life. My father
and I spent many hours collecting, identifying and studying
local insects, amphibians and reptiles. These experiences had
a significant impact on my early intellectual and even spiri-
tual development. One event I can recall most vividly. I had
collected a cocoon in a field near my home in early spring.
The large, silky capsule was attached to a stick. I brought the
cocoon back to my room and placed it in a jar on top of my
dresser. I remember waking one morning and, there, perched
on the tip of the stick was a large moth, slowly moving its
delicate, light green wings in the early morning sunlight. It
took my breath away. To my inexperienced eyes, it was one
of the most beautiful things I had ever seen. I knew it was a
moth, but did not know which species. Upon closer exami-
nation, I noticed two moon-like markings on the wings and
also noted that the wings had long “tails”, much like the ubiq-
uitous tiger swallow-tail butterflies that visited the lilac bush
in our backyard. Not wanting to suffer my ignorance any
longer, I reached immediately for my Golden Guide to North
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American Insects and searched through the section on moths
and butterflies. It was a luna moth! My heart was pounding
with the excitement of new knowledge as I ran to share the
discovery with my parents.

I consider myself very fortunate to have made a living as
a professional biologist and conservationist for the past 20
years. I've traveled to over 30 countries and six continents to
study and photograph wildlife or to attend related conferences
and meetings. Yet, each time I encounter a new and unusual
animal or habitat my heart still races with the same excite-
ment of my youth. If this is biophilia, then I certainly possess
it, and it is my hope that others will experience it too. I am
therefore extremely proud to have served as the series editor
for the Gale Group’s rewrite of Grzimek’s Animal Life Ency-
clopedia, one of the best known and widely used reference
works on the animal world. Grzimek’s is a celebration of an-
imals, a snapshot of our current knowledge of the Earth’s in-
credible range of biological diversity. Although many other
animal encyclopedias exist, Grzimek’s Animal Life Encyclopedia
remains unparalleled in its size and in the breadth of topics
and organisms it covers.

The revision of these volumes could not come at a more
opportune time. In fact, there is a desperate need for a deeper
understanding and appreciation of our natural world. Many
species are classified as threatened or endangered, and the sit-
uation is expected to get much worse before it gets better.
Species extinction has always been part of the evolutionary
history of life; some organisms adapt to changing circum-
stances and some do not. However, the current rate of species
loss is now estimated to be 1,000-10,000 times the normal
“background” rate of extinction since life began on Earth
some 4 billion years ago. The primary factor responsible for
this decline in biological diversity is the exponential growth
of human populations, combined with peoples’ unsustainable
appetite for natural resources, such as land, water, minerals,
oil, and timber. The world’s human population now exceeds
6 billion, and even though the average birth rate has begun
to decline, most demographers believe that the global human
population will reach 8-10 billion in the next 50 years. Much
of this projected growth will occur in developing countries in
Central and South America, Asia and Africa-regions that are
rich in unique biological diversity.

Grzimek’s Animal Life Encyclopedia



Finding solutions to conservation challenges will not be
easy in today’s human-dominated world. A growing number
of people live in urban settings and are becoming increasingly
isolated from nature. They “hunt” in super markets and malls,
live in apartments and houses, spend their time watching tele-
vision and searching the World Wide Web. Children and
adults must be taught to value biological diversity and the
habitats that support it. Education is of prime importance now
while we still have time to respond to the impending crisis.
There still exist in many parts of the world large numbers of
biological “hotspots”-places that are relatively unaffected by
humans and which still contain a rich store of their original
animal and plant life. These living repositories, along with se-
lected populations of animals and plants held in profession-
ally managed zoos, aquariums and botanical gardens, could
provide the basis for restoring the planet’s biological wealth
and ecological health. This encyclopedia and the collective
knowledge it represents can assist in educating people about
animals and their ecological and cultural significance. Perhaps
it will also assist others in making deeper connections to na-
ture and spreading biophilia. Information on the conserva-
tion status, threats and efforts to preserve various species have
been integrated into this revision. We have also included in-
formation on the cultural significance of animals, including
their roles in art and religion.

It was over 30 years ago that Dr. Bernhard Grzimek, then
director of the Frankfurt Zoo in Frankfurt, Germany, edited
the first edition of Grzimek’s Animal Life Encyclopedia. Dr. Grz-
imek was among the world’s best known zoo directors and
conservationists. He was a prolific author, publishing nine
books. Among his contributions were: Serengeti Shall Not Die,
Rbinos Belong to Everybody and He and I and the Elephants. Dr.
Grzimek’s career was remarkable. He was one of the first
modern zoo or aquarium directors to understand the impor-
tance of zoo involvement in i situ conservation, that is, of
their role in preserving wildlife in nature. During his tenure,
Frankfurt Zoo became one of the leading western advocates
and supporters of wildlife conservation in East Africa. Dr.
Grzimek served as a Trustee of the National Parks Board of
Uganda and Tanzania and assisted in the development of sev-
eral protected areas. The film he made with his son Michael,
Serengeti Shall Not Die, won the 1959 Oscar for best docu-
mentary.

Professor Grzimek has recently been criticized by some
for his failure to consider the human element in wildlife con-
servation. He once wrote: “A national park must remain a pri-
mordial wilderness to be effective. No men, not even native
ones, should live inside its borders.” Such ideas, although con-
sidered politically incorrect by many, may in retrospect actu-
ally prove to be true. Human populations throughout Africa
continue to grow exponentially, forcing wildlife into small is-
lands of natural habitat surrounded by a sea of humanity. The
illegal commercial bushmeat trade-the hunting of endangered
wild animals for large scale human consumption-is pushing
many species, including our closest relatives, the gorillas,
bonobos and chimpanzees, to the brink of extinction. The
trade is driven by widespread poverty and lack of economic
alternatives. In order for some species to survive it will be
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necessary, as Grzimek suggested, to establish and enforce a
system of protected areas where wildlife can roam free from
exploitation of any kind.

While it is clear that modern conservation must take the
needs of both wildlife and people into consideration, what will
the quality of human life be if the collective impact of short-
term economic decisions is allowed to drive wildlife popula-
tions into irreversible extinction? Many rural populations
living in areas of high biodiversity are dependent on wild an-
imals as their major source of protein. In addition, wildlife
tourism is the primary source of foreign currency in many de-
veloping countries and is critical to their financial and social
stability. When this source of protein and income is gone,
what will become of the local people? The loss of species is
not only a conservation disaster; it also has the potential to
be a human tragedy of immense proportions. Protected ar-
eas, such as national parks, and regulated hunting in areas out-
side of parks are the only solutions. What critics do not realize
is that the fate of wildlife and people in developing countries
is closely intertwined. Forests and savannas emptied of wildlife
will result in hungry, desperate people, and will, in the long-
term lead to extreme poverty and social instability. Dr. Grz-
imek’s early contributions to conservation should be recognized,
not only as benefiting wildlife, but as benefiting local people
as well.

Dr. Grzimek’s hope in publishing his Animal Life Encyclo-
pedia was that it would “...disseminate knowledge of the ani-
mals and love for them”, so that future generations would
“...have an opportunity to live together with the great diver-
sity of these magnificent creatures.” As stated above, our goals
in producing this updated and revised edition are similar.
However, our challenges in producing this encyclopedia were
more formidable. The volume of knowledge to be summa-
rized is certainly much greater in the twenty-first century than
it was in the 1970’s and 80’s. Scientists, both professional and
amateur, have learned and published a great deal about the
animal kingdom in the past three decades, and our under-
standing of biological and ecological theory has also pro-
gressed. Perhaps our greatest hurdle in producing this revision
was to include the new information, while at the same time
retaining some of the characteristics that have made Grzimek’s
Animal Life Encyclopedia so popular. We have therefore strived
to retain the series’ narrative style, while giving the informa-
tion more organizational structure. Unlike the original Grz-
imek’s, this updated version organizes information under
specific topic areas, such as reproduction, behavior, ecology
and so forth. In addition, the basic organizational structure is
generally consistent from one volume to the next, regardless
of the animal groups covered. This should make it easier for
users to locate information more quickly and efficiently. Like
the original Grzimek’s, we have done our best to avoid any
overly technical language that would make the work difficult
to understand by non-biologists. When certain technical ex-
pressions were necessary, we have included explanations or
clarifications.

Considering the vast array of knowledge that such a work
represents, it would be impossible for any one zoologist to
have completed these volumes. We have therefore sought
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specialists from various disciplines to write the sections with
which they are most familiar. As with the original Grzimek’s,
we have engaged the best scholars available to serve as topic
editors, writers, and consultants. There were some complaints
about inaccuracies in the original English version that may
have been due to mistakes or misinterpretation during the
complicated translation process. However, unlike the origi-
nal Grzimek’s, which was translated from German, this revi-
sion has been completely re-written by English-speaking
scientists. This work was truly a cooperative endeavor, and I
thank all of those dedicated individuals who have written,
edited, consulted, drawn, photographed, or contributed to its
production in any way. The names of the topic editors, au-
thors, and illustrators are presented in the list of contributors
in each individual volume.

The overall structure of this reference work is based on
the classification of animals into naturally related groups, a
discipline known as taxonomy or biosystematics. Taxonomy
is the science through which various organisms are discov-
ered, identified, described, named, classified and catalogued.
It should be noted that in preparing this volume we adopted
what might be termed a conservative approach, relying pri-
marily on traditional animal classification schemes. Taxon-
omy has always been a volatile field, with frequent arguments
over the naming of or evolutionary relationships between var-
ious organisms. The advent of DNA fingerprinting and other
advanced biochemical techniques has revolutionized the field
and, not unexpectedly, has produced both advances and con-
fusion. In producing these volumes, we have consulted with
specialists to obtain the most up-to-date information possi-
ble, but knowing that new findings may result in changes at
any time. When scientific controversy over the classification
of a particular animal or group of animals existed, we did our
best to point this out in the text.

Readers should note that it was impossible to include as
much detail on some animal groups as was provided on oth-
ers. For example, the marine and freshwater fish, with vast

numbers of orders, families, and species, did not receive as
detailed a treatment as did the birds and mammals. Due to
practical and financial considerations, the publishers could
provide only so much space for each animal group. In such
cases, it was impossible to provide more than a broad overview
and to feature a few selected examples for the purposes of il-
lustration. To help compensate, we have provided a few key
bibliographic references in each section to aid those inter-
ested in learning more. This is a common limitation in all ref-
erence works, but Grzimek’s Encyclopedia of Animal Life is still
the most comprehensive work of its kind.

I am indebted to the Gale Group, Inc. and Senior Editor
Donna Olendorf for selecting me as Series Editor for this pro-
ject. It was an honor to follow in the footsteps of Dr. Grz-
imek and to play a key role in the revision that still bears his
name. Grzimek’s Animal Life Encyclopedia is being published
by the Gale Group, Inc. in affiliation with my employer, the
American Zoo and Aquarium Association (AZA), and I would
like to thank AZA Executive Director, Sydney ]J. Butler; AZA
Past-President Ted Beattie (John G. Shedd Aquarium,
Chicago, IL); and current AZA President, John Lewis (John
Ball Zoological Garden, Grand Rapids, MI), for approving
my participation. I would also like to thank AZA Conserva-
tion and Science Department Program Assistant, Michael
Souza, for his assistance during the project. The AZA is a pro-
fessional membership association, representing 205 accred-
ited zoological parks and aquariums in North America. As
Director/William Conway Chair, AZA Department of Con-
servation and Science, I feel that I am a philosophical de-
scendant of Dr. Grzimek, whose many works I have collected
and read. The zoo and aquarium profession has come a long
way since the 1970s, due, in part, to innovative thinkers such
as Dr. Grzimek. I hope this latest revision of his work will
continue his extraordinary legacy.

Silver Spring, Maryland, 2001
Michael Hutchins
Series Editor
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How to use this book

Grzimek’s Animal Life Encyclopedia is an internationally
prominent scientific reference compilation, first published in
German in the late 1960s, under the editorship of zoologist
Bernhard Grzimek (1909-1987). In a cooperative effort be-
tween Gale and the American Zoo and Aquarium Association,
the series has been completely revised and updated for the
first time in over 30 years. Gale expanded the series from 13
to 17 volumes, commissioned new color paintings, and up-
dated the information so as to make the set easier to use. The
order of revisions is:

Volumes 8-11: Birds I-IV

Volume 6: Amphibians

Volume 7: Reptiles

Volumes 4-5: Fishes I-IT

Volumes 12-16: Mammals I-V

Volume 3: Insects

Volume 2: Protostomes

Volume 1: Lower Metazoans and Lesser Deuterostomes
Volume 17: Cumulative Index

Organized by taxonomy

The overall structure of this reference work is based on
the classification of animals into naturally related groups, a
discipline known as taxonomy—the science in which various
organisms are discovered, identified, described, named, clas-
sified, and catalogued. Starting with the simplest life forms,
the lower metazoans and lesser deuterostomes, in volume 1,
the series progresses through the more advanced classes, cul-
minating with the mammals in volumes 12-16. Volume 17 is
a stand-alone cumulative index.

Organization of chapters within each volume reinforces
the taxonomic hierarchy. In the case of the volumes on Fishes,
introductory chapters describe general characteristics of fishes,
followed by taxonomic chapters dedicated to order and, in a
few cases, suborder. Readers should note that in a few in-
stances, taxonomic groups have been split among more than
one chapter. For example, the order Cypriniformes is split
among two chapters, each covering particular families. Species
accounts appear at the end of the taxonomic chapters. To help
the reader grasp the scientific arrangement, order and subor-
der chapters have distinctive symbols:
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® = Order Chapter
O = Suborder Chapter

The order Perciformes, which has the greatest number of
species by far of any fishes order—and in fact is the largest
order of vertebrates—has been split into separate chapters
based on suborder. Some of these suborder chapters are again
divided into multiple chapters in an attempt to showcase the
diversity of species within the group. For instance, the sub-
order Percoidei has been split among four chapters. Readers
should note that here, as elsewhere, the text does not neces-
sarily discuss every single family within the group; in the case
of Percoidei, there are more than 70 families. Instead, the text
highlights the best-known and most significant families and
species within the group. Readers can find the complete list
of families for every order in the “Fishes family list” in the
back of each Fishes volume.

As chapters narrow in focus, they become more tightly for-
matted. Introductory chapters have a loose structure, remi-
niscent of the first edition. Chapters on orders and suborders
are more tightly structured, following a prescribed format of
standard rubrics that make information easy to find. These
taxonomic chapters typically include:

Scientific name of order or suborder
Common name of order or suborder
Class
Order
Number of families
Main chapter
Evolution and systematics
Physical characteristics
Distribution
Habitat
Feeding ecology and diet
Behavior
Reproductive biology
Conservation status
Significance to humans
Species accounts
Common name
Scientific name
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Family

Taxonomy

Other common names

Physical characteristics

Distribution

Habitat

Feeding ecology and diet

Behavior

Reproductive biology

Conservation status

Significance to humans
Resources

Books

Periodicals

Organizations

Other

Color graphics enhance understanding

Grzimek’s features approximately 3,500 color photos, in-
cluding nearly 250 in the Fishes volumes; 3,500 total color
maps, including more than 200 in the Fishes volumes; and
approximately 5,500 total color illustrations, including
nearly 700 in the Fishes volumes. Each featured species of
animal is accompanied by both a distribution map and an il-
lustration.

All maps in Grzimek’s were created specifically for the pro-
ject by XNR Productions. Distribution information was pro-
vided by expert contributors and, if necessary, further
researched at the University of Michigan Zoological Museum
library. Maps are intended to show broad distribution, not
definitive ranges.

All the color illustrations in Grzimek’s were created specif-
ically for the project by Michigan Science Art. Expert con-
tributors recommended the species to be illustrated and
provided feedback to the artists, who supplemented this in-
formation with authoritative references and animal specimens
from the University of Michigan Zoological Museum library.
In addition to illustrations of species, Grzimek’s features draw-
ings that illustrate characteristic traits and behaviors.

About the contributors

All of the chapters were written by ichthyologists who
are specialists on specific subjects and/or families. The vol-
umes’ subject advisors, Dennis A. Thoney and Paul V.
Loiselle, reviewed the completed chapters to insure consis-
tency and accuracy.

Standards employed

In preparing the volumes on Fishes, the editors relied pri-
marily on the taxonomic structure outlined in Fishes of the
World, 3rd edition, by Joseph S. Nelson (1994), with some
modifications suggested by expert contributors for certain tax-
onomic groups based on more recent data. Systematics is a
dynamic discipline in that new species are being discovered
continuously, and new techniques (e.g., DNA sequencing) fre-
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quently result in changes in the hypothesized evolutionary
relationships among various organisms. Consequently, con-
troversy often exists regarding classification of a particular an-
imal or group of animals; such differences are mentioned in
the text.

Grzimek’s has been designed with ready reference in mind,
and the editors have standardized information wherever fea-
sible. For Conservation Status, Grzimek’s follows the TUCN
Red List system, developed by its Species Survival Commis-
sion. The Red List provides the world’s most comprehensive
inventory of the global conservation status of plants and an-
imals. Using a set of criteria to evaluate extinction risk, the
IUCN recognizes the following categories: Extinct, Extinct
in the Wild, Critically Endangered, Endangered, Vulnerable,
Conservation Dependent, Near Threatened, Least Concern,
and Data Deficient. For a complete explanation of each cat-
egory, visit the IUCN web page at <http://www.iucn.org/
themes/ssc/redlists/categor.htm>.

In addition to IUCN ratings, chapters may contain other
conservation information, such as a species’ inclusion on one
of three Convention on International Trade in Endangered
Species (CITES) appendices. Adopted in 1975, CITES is a
global treaty whose focus is the protection of plant and ani-
mal species from unregulated international trade.

In the Species accounts throughout the volume, the edi-
tors have attempted to provide common names not only in
English but also in French, German, Spanish, and local di-
alects. Readers can find additional information on fishes
species on the Fishbase Web site: <http://www.fishbase.org>.

Grzimek’s provides the following standard information on
lineage in the Taxomomy rubric of each Species account:
[First described as] Acipenser brevirostrum [by] LeSueur, [in]
1818, [based on a specimen from] Delaware River, United
States. The person’s name and date refer to earliest identifi-
cation of a species, although the species name may have
changed since first identification. However, the entity of fish
is the same.

Readers should note that within chapters, species accounts
are organized alphabetically by family name and then alpha-
betically by scientific name. In each chapter, the list of species
to be highlighted was chosen by the contributor in consulta-
tion with the appropriate subject advisor: Dennis A. Thoney,
who specializes in marine fishes; and Paul V. Loiselle, who
specializes in freshwater fishes.

Anatomical illustrations

While the encyclopedia attempts to minimize scientific jar-
gon, readers will encounter numerous technical terms related
to anatomy and physiology throughout the volume. To assist
readers in placing physiological terms in their proper context,
we have created a number of detailed anatomical drawings.
These can be found on pages 6 and 7, and 15-27 in the “Struc-
ture and function” chapter. Readers are urged to make heavy

use of these drawings. In addition, selected terms are defined
in the Glossary at the back of the book.
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Appendices and index

In addition to the main text and the aforementioned Glos-
sary, the volume contains numerous other elements. For
Further Reading directs readers to additional sources of in-
formation about fishes. Valuable contact information for Or-
ganizations is also included in an appendix. An exhaustive
Fishes family list records all recognized families of fishes ac-
cording to Fishes of the World, 3rd edition, by Joseph S. Nel-
son (1994). And a full-color Geologic time scale helps readers
understand prehistoric time periods. Additionally, the volume
contains a Subject index.
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Polym

ixiiformes

(Beardfishes)

Class Actinopterygii
Order Polymixiiformes
Number of families 1

Photo: Beardfish (Polymixia berndti) live in deep
marine waters, at 60-1,706 ft (18-520 m). They
are rarely seen alive. This specimen was found
near Oahu. (Photo by John E. Randall. Reproduced
by permission.)

Evolution and systematics

Beardfishes of the order Polymixiiformes comprise a sin-
gle living family, Polymixiidae, containing one genus,
Polymixia, and, according to the revisional study of Kotlyar
(1993), ten species. These seemingly nondescript fishes have
a remarkably checkered taxonomic history, and few fishes
have been shifted back and forth in different phylogenetic
schemes as have these poorly understood animals. Although
most systematists agree that Polymixiiformes are basal acan-
thomorphs, their precise placement at the base of this huge
radiation of spiny-rayed fishes remains a mystery. In view of
the longstanding confusion regarding the phylogenetic posi-
tion of beardfishes, it should be clear that the small size of
the order is no indication of their evolutionary importance.
Although the group is represented today by a single genus,
the Polymixiiformes have a much more diverse fossil record,
and at least two families, the Aipichthyidae and Polymixiidae,
containing some six genera, are currently recognized.

Polymixiiforms appear first in the fossil record in the late
Cretaceous period, some 95 million years ago, and have been
viewed as being of considerable importance to our under-
standing of the spiny-rayed fishes and their evolution. In 1964
the noted British paleoichthyologist Colin Patterson reviewed
polymixiiform fossil diversity and discussed the striking sim-
ilarities between them and certain families of living perciforms
such as carangids (jacks) and monodactylids (moonfishes).
Whether these similarities reflect the common phenomenon
of convergent evolution or are the result of recent common
ancestry remains an open question. Whatever the case, such
an ongoing confusion serves to highlight the importance of
Polymixiiformes to our understanding of the evolution of
spiny-rayed fishes.

Physical characteristics

Polymixia are rather deep-bodied fishes, with prominent
blunt snouts and large eyes. Their dorsal and anal fins bear
well-developed spines, but a spine is lacking in the subab-
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dominally positioned pelvic fins, which have a single, seg-
mented, leading ray and six branched rays. All beardfishes are
characterized by the possession of a pair of hyoid barbels.
These “chin” barbels are internally supported by three bran-
chiostegal rays of the hyoid arch, and their characteristic ap-
pearance lends their bearers the name “beardfishes.” A 2001
study by Kim and his colleagues highlights the unique nature
of the anatomy and muscular control of beardfish barbels.

Distribution

Beardfishes are known to occur in the Atlantic, Indian and
Western Pacific oceans, as well as in tropical and subtropical
waters. Worldwide collection data for Polymixia species are
poor, and sampling in many regions is limited or nonexistent.
When caught, most species are taken at depths ranging from
492-2,132.5 ft (150-650 m), but catches from as shallow as
164 ft (50 m) have been recorded.

Habitat

Very little is known of the habitat preferences of Polymixia
species, but the presence of chin barbels suggests a bottom-
dwelling mode of life, probably over sandy or muddy sub-
strates.

Behavior
Nothing is known.

Feeding ecology and diet

The stomach of Polymixia is thick walled and muscular, of-
ten with over 100 pyloric ceca (pouches). Analyses of the gut
contents indicate an opportunistic diet of crustaceans, squid,
and small fishes. Interestingly, beardfishes are recorded
among the stomach contents of the Indian Ocean coelacanths,
as well as in those of a wide range of other fish predators.



Order: Polymixiiformes

Reproductive biology

Polymixia eggs are unknown, and the smallest individual so
far identified is a 0.15 in (0.39 cm) postflexion larva, which
was described in some detail by Konishi and Okiyama, who
noted the presence of moderately developed head spination
similar to that found in many beryciform fishes. Reproduc-
tive biology is virtually unknown, but sexual dimorphism in
coloration has been noted in P. lowei, where an intense black
marking on the anal fin and both lobes of the tail fin are pre-
sent only in male fish.

Vol. 5: Fishes Il

Conservation status

None of the Polymixia species are included on the IUCN
Red List. Although catches of some species are relatively high
in some regions, there are no indications of overfishing.

Significance to humans

Beardfishes are marketed for human consumption in most
regions; however, commercial catches are limited but grow-
ing. As catches of other species have declined, a number of
Pacific beardfish species have been tagged as having unex-
ploited fisheries potential.
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Species

Stout beardfish

Polymixia nobilis

FAMILY

Polymixiidae

TAXONOMY

Polymixia nobilis Lowe, 1836, off Madeira.

OTHER COMMON NAMES
Portuguese: Salmonete do Alto.

PHYSICAL
CHARACTERISTICS
Maximum length
19.6 in (50 cm).
Deep-bodied, with a
prominent blunt
snout and large eyes.
The ctenii on the
scales are arranged
in wedgelike rows,
and the hyoid bar-
bels are long and fil-
amentous. Dark bronzy-grey dorsally and silvery ventrally.

Polymixia nobilis

DISTRIBUTION

Found only in Atlantic Ocean. In western Atlantic, they occur
from Norfolk south to Lesser Antilles, Cuba, and Bahamas,
where they are sympatric with Polymixia lowei. The stout
beardfish is the only beardfish in the eastern Atlantic, where it
occurs from the Azores and Canary Islands south to St. He-
lena. Records of Polymixia nobilis from the Pacific are now
known to be misidentifications.

HABITAT
Semihard and soft bottoms on the continental shelf and slope.

BEHAVIOR
Nothing is known.

FEEDING ECOLOGY AND DIET
Feeds on crustaceans, squid, and small fishes.

Order: Polymixiiformes

accounts

Polymixia nobilis

REPRODUCTIVE BIOLOGY
Eggs are unknown and reproductive biology is virtually un-
known.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
Stout beardfishes are of some commercial importance, particu-
larly in Madeira, where they are marketed fresh and frozen. ¢

Resources

Periodicals

Kim, B. J., M. Yabe, and K. Nakaya. “Barbels and Related
Muscles in Mullidae (Perciformes) and Polymixiidae (Poly-
mixiiformes).” Ichthyological Research 117 (2001): 409-413.

Konishi, Y., and M. Okiyama. “Morphological Development of
Four Trachichthyoid Larvae (Pisces: Beryciformes), with
Comments on Trachichthyoid Relationships.” Bulletin of
Marine Science 60 (1997): 66-88.

Kotlyar, A. N. “A New Species of the Genus Polymixia from the
Kyushu-Palau Submarine Ridge and Notes on the Other
Members of the Genus.” fournal of Ichthyology 2 (1993):
30-49.Patterson, C. “A Review of Mesozoic
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Acanthopterygian Fishes, with Special Reference to Those
of the English Chalk.” Philosophical Transactions of the Royal
Society of London 3 (1994): 213-482.

Other

“Coelacanths: Coelacanth Fact Sheet.” South African Institute
for Aquatic Biodiversity. Ichthos, 2001. (March 20, 2003).
<http://www.saiab.ru.ac.za/educoel1.htm>

Melanie Stiassny, PhD
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Percopsiformes

(Troutperches and relatives)

Class Actinopterygii
Order Percopsiformes
Number of families 3

Photo: Troutperch (Percopsis omiscomaycus)
combine the characteristics of spiny-rayed and
soft-rayed fishes, resembling both trout and perch.
(Photo by Animals Animals ©Raymond A. Mendez.
Reproduced by permission.)

Evolution and systematics

The oldest fossils date back to the Paleocene Paskapoo
Formation (between 60 and 62 million years ago) in western
Canada. The Percopsiformes may be related remotely to the
codfishes (Gadiformes) and toadfishes (Batrachoidiformes).
One point of controversy about their phylogeny is that they
show primitive conditions, such as the presence of an adi-
pose fin, which suggests character reversal in their evolu-
tionary history. The monophyly of this group has been
questioned. Murray and Wilson proposed removal of the am-
blyopsid family from the group and created a new order: Am-
blyopsiformes.

There are two recognized suborders. The first, the Per-
copsoidel, is characterized by the presence of an adipose fin
and a complete lateral line. The suborder is represented by
one family: Percopsidae, or troutperches, with one genus and
two species. The second, the Aphredoderoidei, is character-
ized by the absence of an adipose fin and includes two fami-
lies: Aphredoderidae (pirate perch, one species) and
Amblyopsidae (swampfishes and cavefishes, four genera and
six species).

Physical characteristics

These are small fishes (less than 8 in, or 20 c¢m) with a
mosaic of primitive characters, such as an adipose fin, and
advanced characters, such as a pelvic girdle located farther
back from the cranium compared with most other fishes.
They also have fewer fin spines and ray-supported dorsal and
anal fins, each usually with one to four anterior soft spines.
If pelvic fins are present, they are located in a position be-
low the abdomen and behind the pectorals, with three to
eight soft rays. The body is covered with cycloid or ctenoid
scales.
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Distribution

The troutperches are distributed in North America from
Alaska and the Great Lakes drainage to the southern and east-
ern United States.

Habitat

All species are freshwater, with two species found in
swamps, one as a facultative cave dweller. Four species are
obligatory cavernicoles (cave dwellers).

Behavior

Besides the fact that all species are solitary, little is known
about their behavior. The exception is certain types of
behavior studied among cavefishes. At least two of the non-
cavernicolous species are nocturnal.

Feeding ecology and diet

Members of this order are opportunistic predators that eat
a variety of food items; at least one species is cannibalistic.
Percopsiformes are preyed upon by other fishes, water snakes,
and fish-eating birds. Fish larvae may be preyed upon by
aquatic insects. Cavefishes are not generally preyed upon since
they are the top predators in their habitats.

Reproductive biology

They are oviparous, but nothing else is known at the fam-
ily level. Spawning (at least for the noncavernicolous species)
takes place in the spring. Fecundity tends to be low.



Order: Percopsiformes

Conservation status

The TUCN Red List includes four species from this order,
all of which are cave-dwelling species from the family Am-
blyopsidae. Speoplatyrhinus poulsoni is listed as Critically En-
dangered, while Amblyopsis rosae, A. spelaea, and Typhlichthys
subterraneus are listed as Vulnerable.

Vol. 5: Fishes Il

Significance to humans

Some species can be found in both the commercial trade
and public aquaria. Cave species have been important in un-
derstanding evolutionary issues.
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1. Alabama cavefish (Speoplatyrhinus poulsoni); 2. Ozark cavefish (Amblyopsis rosae); 3. Swampfish (Chologaster cornuta); 4. Spring cavefish
(Forbesichthys agassizii); 5. Southern cavefish (Typhlichthys subterraneus); 6. Northern cavefish (Amblyopsis spelaea); 7. Sand roller (Percopsis
transmontana); 8. Troutperch (Percopsis omiscomaycus); 9. Pirate perch (Aphredoderus sayanus). (lllustration by Emily Damstra)
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Species accounts

Ozark cavefish
Amblyopsis rosae

FAMILY
Amblyopsidae

TAXONOMY
Typhlichthys rosae Eigenmann, 1897, “caves of Missouri.”

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Grows to 2.56 in (6.5 cm). Pinkish-white in coloration. The
eyes are not externally visible because they have only vestigial
tissue under the skin. This fish also lacks pelvic fins.

DISTRIBUTION

This species can be found at 41 sites on the Springfield
Plateau, over seven counties in three states: southwest Missouri
(20 sites), northwest Arkansas (10 sites), and northeast Okla-
homa (11 sites). (The verified historic range was larger.)

HABITAT

Individuals of this species are found mostly in small cave
streams with a chert or rubble bottom, in pools over a silt and
sand bottom, or in karst windows or wells, but never too deep.

BEHAVIOR
Almost nothing is known about their behavior.

FEEDING ECOLOGY AND DIET
Stomach contents have been found to contain copepods, which
constituted about 70-90% of the contents by volume; the bal-

Amblyopsis rosae
Amblyopsis spelaea

Forbesichthys agassizii

ance was primarily small salamanders, crayfish, isopods, am-
phipods, and young of their own species. Most individuals
grow between April and October. Cannibalism does not always
occur in this species.

REPRODUCTIVE BIOLOGY

Breeding habits are not well understood. They have an ex-
tended spawning season, with a peak in late summer. The max-
imum life span is four to five years. Growth is sporadic.

CONSERVATION STATUS
Classified as Vulnerable by the IUCN and as Threatened by
the U.S. Fish and Wildlife Service.

SIGNIFICANCE TO HUMANS
Of particular scientific interest because it is a cave species. ¢

Northern cavefish
Amblyopsis spelaea

FAMILY
Amblyopsidae

TAXONOMY
Amblyopsis spelneus DeKay, 1842, Mammoth Cave, Kentucky,
United States.

OTHER COMMON NAMES
German: Nordlicher Hohlenfisch.

PHYSICAL CHARACTERISTICS

The species grows to 4.33 in (11.0 cm). They are pink-white in
coloration. The eyes are not externally visible because they
have only vestigial tissue under the skin. The pelvic fins are
rarely absent; when present, they are always very small. They
have a large, broad head.

DISTRIBUTION

Individuals of this species are found in about 100 caves in Ken-
tucky and southern Indiana. Based on field observations, Keith
suggested that the species distribution may be limited by com-
petition with the southern cavefish, Typhlichthys subterraneus.

HABITAT

Their typical habitats are caves and subterranean passages of
well-developed karst terrain. Can be found on consolidated
mud-rock substrates in shoals and silt-sand substrates in pools
but more often in caves with uniform silt-sand substrates.

BEHAVIOR
They respond to light by moving away (scotophilia).

FEEDING ECOLOGY AND DIET

They feed on benthic crustaceans and worms but can live for
two years without food because of their low metabolic rate.
They are considered a top predator.

REPRODUCTIVE BIOLOGY

These fish have external fertilization, and spawning takes place
during high water between February and April. They have a
low reproduction rate. The females brood eggs in the gill cav-

Grzimek’s Animal Life Encyclopedia



Vol. 5: Fishes Il

ity for about two to five months. The young appear in late
summer and early fall.

CONSERVATION STATUS

This species is classified as Vulnerable by the ITUCN. It occupies
a highly restricted habitat and is susceptible to any disturbance
in the water, such as groundwater pollution, sedimentation,
runoff, impoundment, quarrying, and overcollecting.

SIGNIFICANCE TO HUMANS
Of particular scientific value as a cave species.

Swampfish

Chologaster cornuta

FAMILY
Amblyopsidae

TAXONOMY
Chologaster cornutus Agassiz, 1853, “ditches of the rice fields in
South Carolina.”

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Grows to 2.86 in (6.8 cm). These fish are strongly bicolored—
dark brown above and white to yellow (creamy white) below.
They also have three narrow black stripes on each side and an
orange or yellow cast to the head. The head is depressed, with
small eyes. Pink gills are visible through the unpigmented gill
covers. The cycloid scales are embedded, and the fish lack
pelvic fins.

DISTRIBUTION

This species is found in North America on the Atlantic Coastal
Plain from the Roanoke River drainage in Virginia to the Al-
tamaha River drainage in Georgia (United States).

Chologaster cornuta
Speoplatyrhinus poulsoni

Typhlichthys subterraneus
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HABITAT

They occur year-round on vegetation and debris in low-lying
swamps, ponds, ditches, sloughs, and quiet pools and backwa-
ters of streams, usually in well-shaded, small bodies of waters.
The chemical nature of these waters is acidic and boglike. Of-
ten this species does not show in many faunal surveys; its sensi-
tive response to touch (thigmotaxis) makes it difficult to find in
the roots and debris of its preferred habitat along the edges of
submerged weed banks.

BEHAVIOR
This species is largely nocturnal.

FEEDING ECOLOGY AND DIET
Feeds on midge larvae, ostracods, and copepods. Vulnerable to

dragonfly nymphs, larger fishes, water snakes, and fish-eating
birds.

REPRODUCTIVE BIOLOGY

They spawn between early March and mid-April and usually
die after spawning. They lay up to 430 eggs and may live as
long as two years.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
Sometimes found in the aquarium trade. ¢

Spring cavefish

Forbesichthys agassizii

FAMILY
Amblyopsidae

TAXONOMY

This species originally was described under two names: Cholo-
gaster agassizii and Forbesella agassizi Putnam, 1872, a well in
Lebanon, Wilson County, Tennessee, United States. The
genus Forbesichthys was eventually adopted since Forbesella was
already in use for marine animals known as tunicates.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Grows to 3.54 in (9.0 cm). This species is dark brown to nearly
black on the dorsum, grading to lighter brown laterally; it is
cream yellow ventrally, often with a thin yellow stripe along each
side. These fish have minute scales embedded under the skin.
They lack pelvic fins and have triads of sensory papillae midlater-
ally and scattered clusters called neuromasts on the head.

DISTRIBUTION

Found in central and western Kentucky (west to the Tennessee
River) to southern central Tennessee and west across southern
Illinois to southeastern Missouri. When the Mississippi River
changed its course, the Missouri population may have been iso-
lated from the others for about 2,000 years. It was intentionally
stocked from southern Illinois sites to establish a population
near Quincy College. This population was intended to serve as
a nearby source of fish for research.

HABITAT

Individuals of this species are active in springs at night, almost
always near the surface; they usually retreat underground dur-
ing the day.
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BEHAVIOR

The few individuals that venture into the spring portions of
their habitat may have a strong tendency to move against the
current (rheotaxist) for periods of half a minute to one minute,
but they typically show strong thigmotaxis and hide under
rocks or debris. They prefer highly oxygenated over less oxy-
genated water but respond to light by moving away (sco-
tophilia). They tolerate a wide range of temperatures.

FEEDING ECOLOGY AND DIET
They feed at night on amphipods, midge larvae, tiny worms,
and microcrustaceans.

REPRODUCTIVE BIOLOGY
Spawning takes place in February. The life span is about three
years.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
It has no particular significance except for its ecological and
scientific value in researching the process of cave colonization. ¢

Alabama cavefish
Speoplatyrbinus poulsoni

FAMILY
Amblyopsidae

TAXONOMY
Speoplatyrhinus poulsoni Cooper and Kuehne, 1974, Key Cave,
Alabama, United States.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Grows to 2.83 in (7.2 cm). This species has an extremely elon-
gated and anteriorly depressed head that makes up one-third of
the standard length in adults. The snout is laterally com-
pressed, with a terminal mouth. The species is white in col-
oration and lacks externally visible eyes as well as pelvic fins.

DISTRIBUTION
Its distribution is restricted to Key Cave, Lauderdale County,
on the north bank of the Tennessee River.

HABITAT
They are found mostly in still waters of cave systems.

BEHAVIOR
Nothing is known about this very rarely studied species.

FEEDING ECOLOGY AND DIET
They feed on copepods, isopods, amphipods, and other small
cavefish.

REPRODUCTIVE BIOLOGY

Little is known about the reproductive biology of this species,
and what is known is not encouraging about its future potential
for survival. It appears that only a small percentage of females
reproduce, producing only a few eggs, and reproduction does
not take place every year.

CONSERVATION STATUS
Its total population size is estimated to be less than 100 indi-
viduals, which would make it one of the most endangered fish
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species in the world. It is classified as Critically Endangered by
the IUCN and Endangered by the U.S. Fish and Wildlife Ser-
vice. It is being threatened by groundwater pollution from
agricultural runoff.

SIGNIFICANCE TO HUMANS
Of particular scientific value as a cave species. ®

Southern cavefish
Typhlichthys subterraneus

FAMILY
Amblyopsidae

TAXONOMY
Typhlichthys subterraneus Girard, 1859, a well near Bowling
Green, Warren County, Kentucky, United States.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Grows to 3.54 in (9.0 cm). They are pinkish in coloration and
have a large, broad head. The eyes are not visible, being only
vestigial in nature and covered by skin. Other defining charac-
ters include seven to 10 dorsal soft rays, seven to 10 anal soft
rays, 10 to 15 caudal rays, and 28 to 29 vertebrae.

DISTRIBUTION

This species is found in the subterranean waters of two major
disjunct ranges separated by the Mississippi River: the Ozark
Plateau of central and southeastern Missouri and northeastern
Arkansas and the Cumberland and Interior Low Plateaus of
northwestern Alabama, northwestern Georgia, central Ten-
nessee and Kentucky, and southern Indiana.

HABITAT
They are found in caves near the water table.

BEHAVIOR
They do not respond to light.

FEEDING ECOLOGY AND DIET
Feeds mainly on copepods, amphipods, isopods, insects, and
worms.

REPRODUCTIVE BIOLOGY

Breeding probably occurs in late spring in association with ris-
ing water levels, and spawning takes place between April and
May. The females lay fewer than 50 eggs each. They grow
slowly and can live up to four years.

CONSERVATION STATUS
Classified as Vulnerable by the IUCN.

SIGNIFICANCE TO HUMANS
They are of particular scientific value as a cave species. ®

Pirate perch
Aphredoderus sayanus

FAMILY
Aphredoderidae

TAXONOMY
Scolopsis sayanus (Gilliams, 1824), fishponds, Harrowgate, “near
Philadelphia.” Two subspecies have been proposed.
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Aphredoderus sayanus
Percopsis omiscomaycus

Percopsis transmontana

OTHER COMMON NAMES
German: Piratenbarsch.

PHYSICAL CHARACTERISTICS

Grows to 5.51 in (14.0 cm). A short, deep body, with a large
head and mouth and a protruding jaw. They lack an adipose
fin, and the lateral line is either absent or incomplete. The
head is covered by ctenoid scales on the sides.

DISTRIBUTION

This species is found in waters of the Atlantic and Gulf slopes,
the Mississippi Valley, and scattered parts of the eastern Great
Lakes Basin in the United States from Minnesota south
through the Mississippi Valley across the Gulf coast to Florida
and north along the Atlantic coast to New York. It also can be
found in the southeastern corner of Oklahoma, in the eastern-
most tributaries of the Red River, and throughout the Coastal
Plain of Arkansas (but not in the Ozark Mountains). There are
isolated populations in the Lake Ontario and Lake Erie
drainages in New York, and the species has been reported in
Wisconsin outside what is considered their native range, which
suggests introduction. Populations on the Atlantic slope have
been considered a subspecies (Aphredoderus sayanus sayanus) dis-
tinct from the subpopulation of the Mississippi Valley (4. s.
gibbosus). The populations from the Gulf of Mexico drainage
have been termed intermediate.

HABITAT

They usually occur over mud in quiet bodies of water, such as
swamps, vegetated sloughs, ponds, oxbow lakes, ditches, back-
waters, and pools of creeks and in small to large rivers on mud
and silt bottoms. Adults most frequently are found at sites
whose bottoms are overlain with leaf litter. The larvae of this
species can be quite abundant in some areas.

BEHAVIOR
This is a solitary and crepuscular species.
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FEEDING ECOLOGY AND DIET

They feed on insects, blue-green algae, and small crustaceans
and fishes, which suggests that, like other members of this or-
der, they are an opportunistic species that goes after almost
any food item. Vulnerable to dragonfly nymphs, larger fishes,
water snakes, and fish-eating birds.

REPRODUCTIVE BIOLOGY

The major spawning period for pirate perch in the Atchafalaya
River Basin, Louisiana, is February through March. It appears
that adult pirate perch are not branchial brooders but rather
release their adhesive eggs over leaf litter and woody debris.
They can live up to four years or longer.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS

This species is considered a water quality indicator species by
the Arkansas Department of Environmental Quality for the
Gulf Coastal Ecoregion. ¢

Troutperch

Percopsis omiscomaycus

FAMILY
Percopsidae

TAXONOMY
Salmo omiscomaycus Walbaum, 1792, Hudson Bay.

OTHER COMMON NAMES
English: Silver chub; Finnish: Lohiahven; French (Canada):
Omisco.

PHYSICAL CHARACTERISTICS

Grows to 7.87 in (20 cm). Coloration can vary from yellowish
to silvery to almost transparent, depending on the sexual state.
There is a row of about 10 dark spots along the midline of the
back and 10 or 11 spots along the lateral line, with another
row of spots high on the sides and above the lateral line. The
fins are always transparent. The most distinguishing character-
istic is an adipose fin with small, weak spines on the dorsal and
anal spines. Other characters include short gill rakers and
rough ctenoid scales. The lateral line is nearly straight.

DISTRIBUTION

The original distribution was the Atlantic and Arctic basins
throughout most of Canada, from Quebec to the Yukon and
British Columbia, and south to the Potomac River drainage in
Virginia; the Yukon River drainage, the Yukon and Alaska; and
the Great Lakes and Mississippi River basins south to West
Virginia, eastern Kentucky, southern Illinois, central Missouri,
North Dakota, and northern Montana. It has been introduced
in the Housatonic River drainage of Connecticut and Massa-
chusetts and into Willard Bay Reservoir and Utah Lake, Utah.

HABITAT
They occur in lakes, deep-flowing pools of creeks, and rivers
and usually are found over sand.

BEHAVIOR

Individuals of this species move into the shallows of lakes at
night to feed and then move back to deeper water as dawn ap-
proaches. Some populations spawn exclusively at night.
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FEEDING ECOLOGY AND DIET

Feeds on smaller fish, benthic crustaceans, insects, and phyto-
plankton. Vulnerable to larger fish, water snakes, and fish-
eating birds.

REPRODUCTIVE BIOLOGY

Spawning takes place between April and August. Two or more
males compete for a single female by chasing her near the sur-
face, often breaking the surface of the water. Eggs and milt
then are released. Death has been recorded after spawning.
They can live up to four years.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
Occasionally used as bait. ¢

Sand roller
Percopsis transmontana

FAMILY
Percopsidae

TAXONOMY

Columbia transmontana Eigenmann and Eigenmann, 1892, near
the mouth of the Umatilla River, Umatilla County, Oregon,
United States.

OTHER COMMON NAMES

Vol. 5: Fishes Il

PHYSICAL CHARACTERISTICS

Grows to 3.78 in (9.6 cm). Like the troutperch, this species has
a large and naked head and chambers in the lower jaws and
cheeks known as “pearl organs.”

DISTRIBUTION

This species is found in the Columbia River system and some
tributaries from the middle Columbia River in Washington
downstream to within 25 mi (40 km) above its mouth, includ-
ing western Idaho, southern Washington, and northern and
western Oregon, United States.

HABITAT

They occur in slow-moving portions of streams and rivers,
such as backwaters and marginal pools. They prefer mud-sand
bottoms, although they have been reported over rubble sub-
strate with considerable aquatic vegetation.

BEHAVIOR
Nothing is known.

FEEDING ECOLOGY AND DIET
Feeds on small aquatic invertebrates. Vulnerable to dragonfly
nymphs, larger fishes, water snakes, and fish-eating birds.

REPRODUCTIVE BIOLOGY
Little is known, except that they can live up to six years.

CONSERVATION STATUS
Not listed by the IUCN, but the species may have disappeared
from Idaho waters.

SIGNIFICANCE TO HUMANS
They have no significant economic or cultural importance to

None known. humans. &
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Ophidiiformes

(Cusk-eels and relatives)

Class Actinopterygii
Order Ophidiiformes
Number of families 4 or 5

Photo: A pearlfish (Carapus bermudensis) about
to enter a sea cucumber. (Photo by Chesher/
Photo Researchers, Inc. Reproduced by permis-
sion.)

Evolution and systematics

The order Ophidiiformes is a group of slender, elongate,
eel-like, and mostly bottom-dwelling fishes that is relatively
unremarkable in external morphological features but exhibits
highly evolved behavioral and reproductive traits. The order
contains 355 named species, but there are numerous unde-
scribed forms in scientific collections that have not been for-
mally named. Collectively, there are probably 380-400
ophidiiform species in 90 genera, living mostly in marine en-
vironments but also including some freshwater and estuarine
species. The order has the deepest-dwelling fish known to sci-
ence, Abyssobrotula galatheae, captured at a depth of approxi-
mately 5 mi (8,370 m) below the ocean surface! The
ophidiiform family Carapidae (the pearlfishes) comprises
about 31 species in seven genera, including some species that
are parasitic in the body cavities of marine invertebrates, such
as starfish and sea cucumbers. The family Ophidiidae, the
cusk-eels, is the most diverse family (about 218 species in 48
genera) and includes several large benthic species that are
fished commercially. The family Bythitidae contains 96
species in 32 genera and includes live-bearing species that re-
side in shallow waters. The family Aphyonidae contains 22
live-bearing species (in six genera) that occur in deeper wa-
ters. Another family, the Parabrotulidae (three species in two
genera), often is included in the order Ophidiiformes, but its
placement there is the subject of controversy. Some re-
searchers consider parabrotulids to be close relatives of the
perciform family Zoarcidae, the eelpouts. Parabrotulids, how-
ever, share with Ophidiiformes many skeletal and soft
anatomical features that are lacking in zoarcids. Thus, the tax-
onomic limits of the order Ophidiiformes remain uncertain
and require further research.

The cusk-eels and their allies are classified in the super-
order Paracanthopterygii, a large and morphologically diverse
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assemblage that includes the freshwater trout-perch and its
relatives (Percopsiformes), the codfish and its relatives (Gad-
iformes), and the goosefish and its relatives (Lophiiformes).
Some ichthyologists doubt that the Paracanthopterygii is a
natural grouping (that is, monophyletic, or derived from a
common ancestor), and the superorder has been reorganized
several times. At present the superorder is defined by the com-
mon possession by its members of certain skeletal traits of the
caudal fin and the cranium as well as the presence of a small
bone (termed a supraneural) that lies in the dorsal muscula-
ture above the anterior vertebrae. Some paracanthopterygian
fishes also possess certain morphological traits that are char-
acteristic of the higher perchlike fishes (Acanthomorpha).
These traits include the presence of true fin spines, particu-
lar patterns of small bones and ligaments associated with an-
terior vertebrae, and patterns of ossification of the pelvic
bones. Thus, it is generally accepted that the Paracan-
thopterygii are acanthomorph fishes, currently classified
within the Holacanthopterygii, a newly proposed name for a
higher category that includes stephanoberyciform, zeiform,
beryciform, and all other perchlike fishes. Within the Para-
canthopterygii, ophidiiform fishes may be aligned most closely
with gadiformes. Ophidiiforms and gadiforms share certain
structural and developmental features of the caudal skeleton
and gut anatomy. The phylogenetic relationships among para-
canthopterygian orders remain speculative, however.

Extensive morphological analysis has not produced a satis-
factory hypothesis of the evolutionary history of the ophidi-
iform fishes, and the phyletic relationships among ophidiiform
families are largely unknown. Within the order, ichthyologists
have shown natural groupings at family, subfamily, and generic
levels, and there are solid proposals for sister group relation-
ships among some families. Evidence for monophyly of the
entire ophidiiform lineage is lacking, however. A number of
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characters have been proposed to classify ophidiiform fami-
lies, including the position of the pelvic fins, but most of these
proposals have proved unsatisfactory. Ichthyologists currently
subdivide ophidiiform fishes into two groups, based on the
presence or absence of viviparity and the anatomical features
that are associated with live bearing.

The suborder Bythitoidei (containing the live-bearing
families Bythitidae and Aphyonidae) is considered to be a nat-
ural grouping, since it is apparent that these fishes share highly
specialized reproductive traits. Within the suborder, aphy-
onids and bythitids are sister taxa, each possessing uniquely
specialized morphological characters (termed “synapomor-
phies”). Ichthyologists have been unable to specify synapo-
morphies supporting monophyly of the suborder Ophidioidei
(containing the oviparous Carapidae and Ophidiidae), how-
ever. Within the Ophidioidei, the Carapidae has been shown
to be monophyletic and is considered the closest relative of
all other ophidiiforms. The Ophidiidae has not been shown
to be monophyletic, but there are natural groupings within
the family. The ophidioid subfamily Ophidiinae (the true
cusk-eels) is considered monophyletic, because all its mem-
bers share certain characteristics of the pelvic girdle. The
ophidioid subfamilies Brotulinae and Brotulotaeniinae each
contain a single, well-defined genus. The ophidioid subfam-
ily Neobythitinae, containing 38 genera and about 170
species, is probably not a natural group and requires further
research.

Fossil evidence of paracanthopterygian fishes is not ex-
tensive. A freshwater Paleocene fossil taxon, Mcconichthys, may
be associated with the ophidiiform lineage, but this conclu-
sion is disputed by some researchers. Fossil ophidiiform
fishes, especially fossilized otoliths, or ear bones, are abun-
dant in some Tertiary deposits. To date, several ophidiiform
taxa have been described from the Paleocene and Eocene and
from more recent deposits, including species of Hoplobrotula
and Ampheristus.

Physical characteristics

Most ophidiiforms are long, relatively slender fishes with
big heads, often small eyes, long dorsal and anal fins, and a
caudal portion that tapers to a point. Sizes range from the

A cusk-eel (Ophidion scrippsae) swimming near southern California.
(Photo by Kerstitch. Bruce Coleman, Inc. Reproduced by permission.)

16

Vol. 5: Fishes Il

tiny Microbrotula, which matures at 1.5 in (38 mm) in length,
to commercially exploited species such as Genypterus blacodes
that attain lengths of 3.3-6.6 ft (1-2 m). The cusk-eels often
are strongly pigmented along the dorsal or anal midline, with
lateral black or brown markings or bands extending the length
of the body. In other ophidiiforms, the body is covered uni-
formly with small pigment spots, or pigment is entirely lack-
ing. The mouth usually is large, and the upper jaw (maxilla)
reaches a point at or beyond a vertical drawn through the eye.

The caudal fin is small, sometimes reduced to a bony point,
never forked, and often inconspicuous when it is confluent
with the dorsal and anal fins. The pectoral fins often are long,
sometimes exceeding the length of the head. The pelvic rays
sometimes are absent. When present, the pelvic rays usually
are long and conspicuous. Scales can be absent, but when pre-
sent, they generally are small. The order is defined by the fol-
lowing set of external characteristics. (1) The pelvic fins (when
present) have only one or two rays. (Some species have an ad-
ditional spinelike splint.) (2) The pelvic fins are inserted an-
teriorly, just below the opercular margin or sometimes farther
forward. (3) The pelvic fin bases typically are close together.
(4) The dorsal and anal fin bases are long, reaching the cau-
dal fins in most species. (5) There are no dorsal or anal fin
spines. (6) Bones (termed “pterygiophores”) supporting the
anal- and dorsal-fin rays outnumber total vertebrae. (The ra-
tio of dorsal and anal rays to total vertebrae is about 1.5:1.)
(7) The nostrils are paired on each side of the head.

In the pearlfishes (Carapidae), the anal-fin rays are longer
than the dorsal-fin rays, and the upper jaw lacks a supramax-
illary bone. In ophidiids the supramaxillary bone is present,
and the anal-fin rays are either equal in length or shorter than
the dorsal-fin rays. Within these families, subfamilies are dis-
tinguished on the basis of the presence or absence of pelvic
fins, scales, barbels, and other internal traits. Carapids and
ophidiids are egg-laying fishes, and males lack the external in-
tromittent organ that is characteristic of bythytoid fishes. In
addition, the nostrils of ophidioid fishes are positioned higher
on the snout than those of bythytoid fishes. Bythytids possess
a swim bladder, and most species have scales; aphyonids lack
both scales and a swim bladder. Bythitid subfamilies are dis-
tinguished by caudal-fin morphological features. Aphyonids
are fragile, transparent fishes that have weakly developed
skeletal systems and possess other traits characteristic of lar-
val ophidiiforms. Thus, many ichthyologists believe that
aphyonids are neotenic. Neotenic organisms are those that
retain larval features as adults, and the process of neoteny is
thought to be important in the evolution of many animal
species, including humans.

Distribution

Most ophidiiform fishes are distributed broadly in all
oceans, sometimes to abyssal depths and extending to shallow
seas and estuaries. Ophiidiforms occur from Greenland south
to the Weddell Sea, but most species are found in warmer
waters of the tropics and subtropics. Carapids, ophidiids, and
aphyonids are strictly marine, whereas some bythitid species
are estuarine or reside in freshwater. Some bythitids have ex-
tremely restricted home ranges in caves and sinkholes.
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A pearlfish (Carapus bermudensis) living inside a sea cucumber. (lllustration by Patricia Ferrer)

Habitat

Ophidiiform fishes generally are secretive and tend to as-
sociate with structures or with other animals. Most opidiiforms
are free-living benthic species hovering close to the bottom
and residing in mucus-lined mud or sand burrows, rock or
coral crevices, or sea caves or associated with bottom-dwelling
invertebrate communities, including deep sea vent fauna.
Some species are pelagic or benthopelagic. One mesopelagic
genus is associated uniquely with a species of deep-sea jelly-
fish. Pearlfishes are either free-living or inquiline species.
Free-living species (the pyramondontimes and some echiodon-
tines) are pelagic or bottom dwelling in deep oceanic water or
on the continental shelf. Some echiodontines are believed to
be associated with tube worm communities. The commensal
carapids (Onuxodon, Carapus, and Encheliophis) are all shallow-
dwelling species that reside within the body cavity of inverte-
brate hosts, such as pearl oysters, giant clams, tunicates, sea
stars, and sea cucumbers. Species in the bythitid genera Lu-
cifugia and Ogilbia reside in freshwater caves and sinkholes.

Behavior

The air bladder, anterior vertebrae, and associated liga-
ments and muscles are modified in many ophidiiform fishes to
produce sound. In some species, the air bladder is partly ossi-
fied and serves as a resonating chamber. Sound production is
thought to be associated with reproduction, as some species
have been observed to produce sound just before mating. Hy-
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droacoustic surveys often show large assemblages of vocal
cusk-eels. Ophidiiform fishes generally have a close associa-
tion with the bottom, hovering near holes, ledges, and drop-
offs or hiding in mud and sand. Burrowing is accomplished by
tail-first entry into soft and movable sediments. Ophidiiform
fishes usually hide in burrows or crevices or within or around
invertebrate hosts during daylight hours and then exit at night
to forage. One bythitidae species has been seen living inside a
hot thermal vent at great depths. Many ophidiiform fishes have
highly evolved commensal associations with invertebrates. In
the pearlfishes, some species are obligatory inquilines that
never leave their hosts and feed on a host’s internal organs.

Feeding ecology and diet

Ophidiiform fishes consume a wide variety of invertebrate
and fish prey. Most are bottom dwellers that are strongly noc-
turnal, suggesting that they forage for benthic organisms dur-
ing evening hours. This feeding behavior is facilitated by
well-developed sensory pores on the head; a large, inferior
mouth; and long, fleshy barbels on the chin in some species
that are believed to aid in locating prey. Food consists of
worms, crustaceans, echinoderms, and small bottom fishes
such as gobies and small flatfishes. In turn, ophidiiform fishes
are important food sources for many larger fish predators in-
cluding skates, rays, sharks, eels, cod, hakes, goosefishes, and
flounders. In addition, cusk-eels and their relatives living in
shallow waters are prey to wading birds.
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Reproductive biology

Ophidiiform fishes either deposit eggs or bear live young.
The oviparous (egg-bearing) species include the pearlfishes
(Carapidae) and the cusk-eels (Ophidiidae). Eggs of most cara-
pids and ophidiids are unknown. Those that have been identi-
fied either are spawned in open water as individual, free-floating
eggs or are deposited in a mucilaginous raft or gummy matrix,
much like eggs of the goosefish and its allies (Lophiiformes).
The egg rafts float at the ocean surface until they hatch, usu-
ally within several days. Larvae of carapids and ophidiids are
pelagic, typically floating near the surface and sometimes trav-
eling great distances from their hatching locality. Scientists be-
lieve that larvae of these species have the ability to regulate
growth and metamorphosis (the transformation to juvenile and
adult form). This developmental strategy allows species to dis-
perse over great distances into habitats that are underutilized,
thus reducing competition for limited resources.

Pearlfish larvae are unique in their possession of a long,
highly ornamented predorsal filament (actually, the first dor-
sal fin ray), known as the vexillum. The vexillum may have a
sensory function, because it contains stout cranial nerve fibers
and its position around the head and mouth can be controlled
by the larva. Vexillifer larvae have been identified for almost
all pearlfish genera. Larvae are elongate, and their bodies typ-
ically are sparsely pigmented. After a long pelagic period, vex-
illifer larvae of species that are commensal or parasitic in
invertebrates as adults lose the vexillum and shrink in length
to transform abruptly to a so-called tenuis stage. The tenuis
larvae seek out their benthic invertebrate hosts before matur-
ing into adults.

Most cusk-eel larvae do not undergo an abrupt transition
in morphological features in their development. One re-
markable exception is a strange larva captured near South
Africa. The larva has an enormous appendage that is highly
pigmented and resembles the tentacles of a jellyfish. The ap-
pendage contains the larval gut. This so-called exterilium
larva (“the larva with an outside gut”) is tentatively identified
as an unknown ophidiid species. Larvae of the ophidiid sub-
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family Neobythitinae have elongate dorsal and pelvic rays, but
all other larval cusk-eels lack elongate rays. These larvae gen-
erally resemble adults, with a conspicuous coiled gut, pelvic
fins placed far forward on the throat, long dorsal and anal
rays, and big heads and mouths.

Larvae of the live-bearing bythytoid fishes are poorly
known, and only a few have been described. Larvae of Bros-
mophysis (Bythitidae) and Barathronus (Aphyonidae) generally
resemble ophidiid larvae, in that they lack elongate rays and
possess coiled guts and long dorsal and anal fin bases. Aphy-
onid larvae hatch at larger sizes than do bythitid larvae. Some
bythytoid embryos have specialized feeding appendages
termed “trophotaena,” through which they gain maternal
nourishment. Some bythytid embryos consume or suckle
bulbs of ovigerous tissue during development to supplement
embryonic nutrition through the yolk sac.

Conservation status

The IUCN lists seven ophidiiform species as Vulnerable
due to their rarity and limited habitats. All are live-bearing
bythytids: Lucifugia (Stygicola) dentata, L. simile, L. spelaeotes,
L. subterranea, L. teresianarum, Ogilbia pearsei, and Saccogaster
melanomycter. One species, O. galapagosensis, is listed as Data
Deficient.

Significance to humans

Most ophidiiform fishes are unknown to the public and are
rare, deep-water species taken only in research cruises or com-
mensal and parasitic forms that hide inside the bodies of in-
vertebrate hosts or otherwise secretive species living in caves
or small crevices in the reef. Four species in the genus
Genypterus are large; their flesh is tasty, and they are fished
commercially. In Chile and New Zealand, landings of G. bla-
codes reach 33,000 tons (30,000 metric tonnes) annually. Bro-
tula barbata is a food source of growing importance to the
peoples of several west African countries.

Grzimek’s Animal Life Encyclopedia



Fopprrer Q2003

1. Key brotula (Ogilbia cayorum); 2. Pearlfish (Carapus bermudensis); 3. Band cusk-eel (Ophidion holbrooki). (lllustration by Patricia Ferrer)
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Species

Key brotula
Ogilbia cayorum

FAMILY
Bythytidae

TAXONOMY

Ogilbia cayorum Evermann and Kendall, 1898, Key West,
Florida, United States. The holotype is a female. It was un-
known at the time of the original description that the species is
sexually dimorphic. Thus, considerable taxonomic confusion
occurred when the male of the species was described sepa-
rately. Taxonomic confusion persists, since it is believed cur-
rently that numerous undescribed Ogilbia species reside in the
western tropical Atlantic Ocean. The extent to which their dis-
tributions overlap with the Key brotula is unknown. Thus, care
must be taken in identification.

OTHER COMMON NAMES
English: West Indies brotula.

PHYSICAL CHARACTERISTICS

A small and moderately elongate ophidiiform fish with long
anal and dorsal fins. The body and fins are uniformly pig-
mented, appearing yellow to olive-brown. Adults can attain
about 3.9 in (10 cm) in length. The caudal fin is distinct and
separate, not confluent with the dorsal- and anal-fin bases. The
pelvic fins are positioned at the isthmus, anterior to the pectoral-
fin bases. Each pelvic fin has one fleshy ray that is longer than
the length of the head. The eye is small and the mouth large,
with the upper jaw extending well posterior to the eye. The
body is covered with small overlapping scales that do not ap-
pear on the cheeks (opercular bones).

DISTRIBUTION

The species is known from the Florida Keys, the Bahamas, and
other localities in the Caribbean, including Belize, Cuba,
Puerto Rico, and Jamaica south to Venezuela. Many of these
distributional records may be for undescribed and similar
species with overlapping distributions in this region.

HABITAT

The holotype of the Key brotula was collected by seine on an
algae-covered shoal over coral rubble. The coral fragments were
encrusted with organisms. The species usually is collected at
depths of less than 9.8 ft (3 m), often by uprooting and shaking
clumps of Halimeda. This secretive bythitid also may reside in
reef crevices, rocky holes, and mangrove roots in shallow waters
and out to the edge of the reef. It is rarely seen by divers and
typically is collected only in research surveys at poison stations,
sometimes locally abundant. For example, more than 15 individ-
uals were collected at one station in Belize. The species probably
is tolerant of large fluctuations in temperature and salinity.

BEHAVIOR

Specimens kept in aquaria constantly hide under shells or rub-
ble. The species probably is nocturnal, judging by its small eyes
and cryptic nature. There are few data on its natural habits.

FEEDING ECOLOGY AND DIET

There are no detailed studies of the diet or feeding behavior of
this species. Juvenile and adult Key brotulas probably eat small
crustaceans and are preyed upon by larger fishes and wading
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accounts

birds. Embryonic nutrition is remarkable. To supplement en-
ergy reserves in yolk sacs, embryos of Key brotula “suckle” on
fluid-filled bulbs of ovigerous tissue. This highly unusual de-
velopmental strategy may be an evolutionary response to the
poor feeding evironment of larvae after hatching.

REPRODUCTIVE BIOLOGY

Males and females have delicate, interlocking copulatory organs.
Genital morphological features have been described in detail,
but mating has never been observed. The copulatory apparatus
of the male is partly calcified and is thought to be derived from
the first anal ray. The penis rests on a pedestal surrounded by
muscular pseudoclaspers and covered by a fleshy urogenital
hood. The urogenital pore of the female is similarly protected.
Most bythitids have the capability of sperm storage in the
oviduct or ovary. Fertilization is internal, and embryos grow
rapidly. Late embryos are well developed, with pigmented eyes
and fully developed and functional digestive system, muscula-
ture, gills, and caudal fin. Newborn young are about 0.5 in (12
mm) in length, and brood size is about 14 individuals.

CONSERVATION STATUS
Not listed by the TUCN.

Ogilbia cayorum

Carapus bermudensis
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SIGNIFICANCE TO HUMANS

This species is rarely observed and is not fished commercially.
It has limited appeal as an aquarium species, since it rarely
shows itself to the viewer. &

Pearlfish

Carapus bermudensis

FAMILY
Carapidae

TAXONOMY

Lefroyia bermundensis Jones, 1874, Bermuda. The holotype was
named in honor of Lefroy, a former governor of Bermuda.
The species is now valid as Carapus bermudensis (Jones) follow-
ing several taxonomic revisions. Numerous names are probably
referable to C. bermudensis, including C. recifensis, C. chavesi,
and Fierasfer dubius. C. bermudensis may be related most closely
to C. acus, its eastern Atlantic relative. The species-level rela-
tionships of the genus, however, are poorly known.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Carapus bermudensis is long, slender, and eel-like, with a large
head and relatively large eyes. It is translucent, with silvery
bands along the flanks, black internal pigment visible along the
vertebral column, a silver cheek patch, and large pigment
blotches along the bases of the dorsal and anal fins and head.
The anal fin origin is anterior to the dorsal fin origin. There are
13-18 anal rays anterior to the first dorsal ray. This number
varies among pearlfish species and is useful in identification.
There are no pelvic fins, and the caudal fin usually is absent.
The pectoral fin has 17-20 rays. The teeth on the upper jaw are
small, and some are heart-shaped. The teeth on the lower jaw
are larger and conical. The air bladder is separated into two
parts by an internal constriction under vertebrae 11 and 12. This
feature of the internal anatomy is characteristic of all species in
the genus Carapus, and the position of the constriction relative
to the vertebrae allows for separation of species.

DISTRIBUTION

Distributed in shallow waters along the shores of the western
Atlantic, Bermuda, and the Caribbean Sea south to Brazil. Its
larvae sometimes are collected far north and east of this range
in plankton samples taken by research cruises.

HABITAT

All species of the genus Carapus have obligatory commensal re-
lationships with sea cucumbers (Holothuria), starfishes (Asteri-
oidea), or sea squirts (Ascidiacea). Many species exhibit host
specificity. Carapus bermudensis has been collected in the body
cavity of nine holothurian species in the genera Actinopyga, Isos-
tichopus, Thone, Astichopus, Holothuria, and Theelothuria. These
host species generally reside in shallow waters, to about 98.4 ft
(30 m) on sandy bottoms or grass beds in tropical and subtrop-
ical lagoons near reefs. In one study in the Bahamas, pearl-
fishes were found in relatively few restricted areas, although
more than 1,000 sea cucumbers were surveyed.

BEHAVIOR

Resides within the body of its host during daylight and is be-
lieved to exit at night to forage and perhaps spawn. This strat-
egy limits the probability of predation by larger fishes. This
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species has been observed in aquaria as it rapidly enters its pri-
mary host, Actinopyga agassizi. The species first locates the anal
opening of the sea cucumber with its snout, presumably
through olfaction. As the fish holds its head in the proper posi-
tion at the anal opening, the body curves and the tip of the tail
tracks along the mid-lateral line until it reaches the anus. Once
the tail tip is aligned and pointed into the opening, the fish
abruptly turns, forcing its way tail first into the host by body
undulations. There are no observations of living pearlfishes in
the wild and little data on its habits and behaviors.

FEEDING ECOLOGY AND DIET

Some inquiline pearlfishes are parasitic, dining on the internal
organs of the invertebrates they occupy. This species of pearl-
fish is not parasitic and feeds outside the holothurian host,
probably at night. There have been no detailed studies of the
food habits of this species, but gut contents of individuals are
mostly crustacean invertebrates, such as amphipods, small
shrimps, crabs, and mysids. Rarely, a pearlfish is found in the
stomach of larger, predaceous fishes.

REPRODUCTIVE BIOLOGY

Spawning of pearlfishes has not been observed, and carapid re-
productive behavior is poorly known. Some investigators have
identified eggs collected in plankton samples by subsequent in-
cubation in the laboratory. There also are a few reports of
pearlfish species spawning in aquaria. In these cases, the scien-
tists did not observe spawning directly but found eggs in tanks
after periods of darkness. The eggs of pearlfishes are ellipsoid,
usually containing an oil droplet and deposited into a jellylike,
mucous matrix that floats at the surface. The egg mass has been
described as oval, spherical, or somewhat flattened. Eggs hatch
in one to two days. Early larvae are easily identified, since they
possess a vexillum that first appears as a small protuberance but
rapidly grows in length. Older pearlfish larvae have a long pig-
mented and ornamented vexillum that often is damaged in col-
lection. Pearlfish larvae are extremely elongate, reaching about
7.1 in (180 mm) in length, and possess a distinct small ring of
melanophores on the snout. Larvae are remarkable, in that they
undergo two separate growth phases: the first as vexillifer larvae
that become very elongate and the second as tenuis larvae that
shrink to about half their original length.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
"This species is rarely observed and is not fished commercially. &

Band cusk-eel
Ophidion holbrooki

FAMILY
Ophidiidae

TAXONOMY
Ophidium holbrooki Putnam, 1874, Key West, Florida, United
States.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS
Variations in squamation (scale pattern), counts of fin rays,
vertebrae, and other skeletal features, and body coloration are
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Ophidion holbrooki

often useful in identifying ophidiid fishes. The band cusk-eel
lacks scales on the top of the head and has 66-69 total verte-
brae, 117-132 dorsal rays, 977-109 anal rays, and 19-21 pec-
toral rays. The dorsal and anal fins are continuous with the
caudal fins. The pelvic fins, each consisting of two rays, are lo-
cated far forward on the chin. The head and the body are tan
in color, with no mottled patterns, blotches, or bands of pig-
ment. The dorsal and anal fins are edged in black. This species
is larger, attaining about 11.8 in (30 c¢m) in total length, and
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somewhat deeper bodied than other cusk-eels (genera Opbhidion,
Lepophidium, Otophidion, and Parophidion) found in its home
range.

DISTRIBUTION

Along the Atlantic coast of the United States from North Car-
olina south to the Gulf of Mexico and extending along the
coast of Brazil to Lagoa dos Patos. The species is reported to
be absent from the Bahamas.

HABITAT

Little is known of the specific habitats of the band cusk-eel. It
has been collected with research and commercial trawls on soft
muddy to sandy bottoms from near shore to about 246 ft (75 m).

BEHAVIOR

There have been no studies of the behavior of this species.
Ophidiid fishes are bottom dwellers, and many reside in bur-
rows dug into soft mud and sand. Observations by sumersibles
suggest that some ophidiid species are nocturnal and abundant
in some areas. Many, perhaps all, cusk-eels produce sound, and
recent acoustic surveys have found large and vocal assemblages
of ophidiid fishes in some areas. Sound production most likely
is related to spawning behavior.

FEEDING ECOLOGY AND DIET

There have been no studies of the feeding habits of the band
cusk-eel. Ophidiid fishes consume benthic invertebrates, pri-
marily small crustaceans (shrimps, amphipods, mysids, and
crabs) and worms. Small fishes, such as anchovies, gobies, and
tonguefish, also are consumed. In turn, the band cusk-eel is
preyed upon by larger fishes, especially dogfish, skates, conger
eels, and flounders.

REPRODUCTIVE BIOLOGY

Unlike bythytids, male band cusk-eels do not have a copulatory
organ, and fertilization occurs externally. The eggs and larvae
have not been described, and the early life stages of this and
most cusk-eel species are unknown.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS

This species is landed as by-catch in trawl fisheries for shrimps
and bottom fishes and may appear in fish markets in some coun-
tries of South America. It is relatively small and has limited value
in commercial markets, although its flesh is considered good. &
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Gadiformes

(Grenadiers, bakes, cods, and relatives)

Class Actinopterygii
Order Gadiformes
Number of families 11

Photo: A hake, or forkbeard (Urophycis blen-
noides), in the Mediterranean Sea. (Photo by So-
phie de Wilde/Jacana/Photo Researchers, Inc.
Reproduced by permission.)

Evolution and systematics

It is important to note that agreement is lacking among
ichthyologists as to the composition, origins, hierarchy, or re-
lationships within the Gadiformes. Nor is there agreement
concerning external relationships of members of this rather
arbitrary group of fishes. There are no groupings of charac-
teristics that can be assigned to the Gadiformes alone; there-
fore, synapomorphies (derived characters shared by all
members of the group in question) have not been identified
for all members of the order to the exclusion of nonmembers.
Important recent contributions concerning the phylogeny and
systematics of the order Gadiformes include Marshall and
Cohen 1973; Markle 1982; Cohen 1984; Fahay and Markle
1984; Cohen (Ed.) 1989 (and several contributions therein);
and Cohen et al. 1990. To quote Cohen et al. “The assign-
ment to the order of many species is presently as much a mat-
ter of ichthyological convention as it is a result of logic.” For
the purposes of the present volume, we ground our classifi-
cation on a taxonomic model proposed by Cohen et al. 1990,
wherein taxa are listed alphabetically, in order not to suggest
phylogenetic relationships. However, we elevate several gen-
era or groups of genera to family status, not arbitrarily, but
based on a consensus of several studies. Those 11 families are
listed below (alphabetically) with a tally of genera and species
presently understood to be contained in each.

* Bregmacerotidae (1 genus, 15 species)
* FEuclichthyidae (1 genus, 1 species)

* Gadidae (12 genera, 22 species)

* Lotidae (3 genera, 4 species)

® Macrouridae (19 genera, 300+ species)
* Melanonidae (1 genus, 2 species)

® Merlucciidae (3 genera, 18 species)
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* Moridae (18 genera, 89 species)

® Muraenolepididae (1 genus, 4 species)
* Phycidae (6 genera, 27 species)

¢ Steindachneriidae (1 genus, 1 species)

This listing departs from certain other studies presently
available in the following ways: 1) The Gadidae, Lotidae, and
Phycidae are usually considered subfamilies (Gadinae, Loti-
nae, and Phycinae) of the family Gadidae in those studies; 2)
the genus Steindachneria is included in the Merlucciidae in
some other studies rather than being elevated to full family
status; and, 3) the Merlucciidae is included in an expanded
family Gadidae in some other studies. The listing above is
used here largely because it is the result when ontogenetic ev-
idence is considered. It also better emphasizes the diversity
present within the order Gadiformes.

Physical characteristics
The families listed above are diagnosed as follows:

* Bregmacerotidae: These species are sometimes called
unicorn cods. The first dorsal fin is a single, elon-
gate ray arising from a position over the head. The
second dorsal and anal fins are long mirrors of each
other; there are longer rays at the anterior and pos-
terior ends forming rounded lobes. The elongate,
trailing pelvic fin rays arise from the throat position
and extend well beyond the anus. The lateral line is
high on the body and is parallel to the dorsal mar-
gin of the body. There are no chin barbels.

* Euclichthyidae: The single species is called the eu-
cla cod. The body is long and tapering to a very nar-
row caudal peduncle. It has a large mouth and no
chin barbel. The first dorsal fin is short and high,
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nearly touching the second dorsal fin, which is
shorter and extends the length of the body to the
caudal fin. The anal fin is long, with a greatly en-
larged anterior lobe. The caudal fin is small and
asymmetrical, with the lower rays being longest.
Each pelvic fin is comprised of four separate, fila-
mentous rays.

Gadidae: This family includes cods, haddock, pollock,
tomcod, and others. There are three separate dorsal
fins and two separate anal fins. The dorsal and anal
fins are either touching at their bases or separated by
gaps. A chin barbel is usually present. There are pelvic
fins, sometimes with one or more elongate rays.

Lotidae: This includes the tusk (or cusk), burbot, and
lings. The dorsal fin is single (in Brosme), or there is
a short first dorsal followed by a long second dorsal
in Lota and Molva. The single anal fin has a long
base and includes many fin-rays. There is a well-
developed chin barbel. The pelvic fins are normal
and are not modified into elongate rays.

Macrouridae: This includes rattails and grenadiers.
The head and trunk are short, and the tail is com-
pressed and greatly elongate, tapering to a point and
lacking a caudal fin (with one exception). The chin
barbel is usually present. The head and mouth shape
and size vary. Eye size varies, but eyes are usually
very large. There are two dorsal fins; the first is high,
often including spinous anterior rays. The second
dorsal and anal fins are long, meeting at the tail tip.
The pectoral fins are narrow based and positioned
high on the trunk. The pelvic fins are narrow based,
thoracic to jugular in position, and comprised of
5-17 rays. Some species have a light organ on the
mid-ventral line of the trunk. The benthic species
have a well-developed air bladder, and the bathy-

pelagic species lack an air bladder.

Melanonidae: This includes the pelagic cod. It is
small, not exceeding 5.9 in (15 cm). The body is long,
tapering to a very narrow caudal peduncle. The head
has numerous fleshy ridges. There is no chin barbel.
The dorsal and anal fins are single and long-based.
A slight gap separates the caudal fin from the dorsal
and anal fins.

Merlucciidae: This includes hakes and grenadiers.
The genus Merfuccins (hakes) has a large head (1/3
to 1/4 of body length), with a large, oblique mouth.
The lower jaw is longer than the upper. There are
two separate dorsal fins, with the first being short-
based, high, and triangular. The second is long and
partially divided by a notch in midsection. The sin-
gle anal fin is similar in shape to the second dorsal.
There are pelvic fins with seven rays. The genera Ly-
conus and Macruronus are characterized by long, ta-
pering bodies lacking caudal fins. The dorsal fin is
single with elevated anterior portion in the former,
double with short first dorsal followed by very long
second dorsal in the latter. Both have large, oblique
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mouths. Both have normal pelvic fin without elon-
gate rays. The pectoral fin includes elongate rays in
Lyconus.

* Moridae: This includes the moras. The body tapers
to a very narrow peduncle. There are two or three
dorsal fins, and one or two anal fins. The pelvic fins
are thoracic and are wide apart at the bases. The cau-
dal fin is symmetrical and separated from the dorsal
and anal fins by a gap.

® Muraenolepididae: This includes moray cods. The
body is long and compressed. The head is small with
a chin barbel. The gill openings are restricted and
do not open above the pectoral fin bases. There are
two dorsal fins, the first comprised of a single, slim
ray, and the second long-based and merging with the
caudal fin. The anal fin is single, also merging with
the caudal fin. The pelvic fins are thoracic with five
rays, 2-3 of which are elongate and not attached to
others. The lateral line ends at mid-body.

¢ Phycidae: This includes hakes and rocklings. There
is a single anal fin. There are two dorsal fins, the first
either short-based and moderate in height, or com-
prised of a single elongate, filamentous ray followed
by many, very short hair-like rays. There is a single
chin barbel, or 2—4 barbels on the snout as well as
on the chin. The pelvic fin is normal in shape and
length, or with two very elongate rays, often reach-
ing the level of the anus.

* Steindachneriidae: This includes the luminous hake.
The body is long, compressed laterally, and tapers
to a point. The head is compressed laterally, and the
mouth is very large. There are two dorsal fins, the
first with one spine and 7-9 rays, the second with
123 or more rays. The anal fin is comprised of 123
to more than 125, very short rays. The first ray of
the pelvic fin is elongate and filamentous. The anus
is between the pelvic fin rays and is separated from
the urogenital opening just anterior to the anal fin.
A purplish, striated light organ covers the lower body
and sides of head.

Distribution

The distribution of gadiform fishes varies by family, but
in general, gadiforms are residents of cool water, therefore
occurring throughout the water column in high latitudes, but
mainly in deeper layers of tropical waters, where temperatures
are lower (a phenomenon known as “tropical submergence”).
Members of the gadiforms are primarily marine, but a few
freshwater or estuarine species occur. The distribution of each
family was summarized in Marshall and Cohen (1973). Breg-
macerotids differ somewhat from the rest of the order in their
distribution in tropical and subtropical seas. The single
euclichthyid species occurs in Australian and New Zealand
waters, where it lives near the bottom in deep water.

Gadids are centered in continental shelf waters of the tem-
perate and boreal North Atlantic, although a few members
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Examples of larval stages of gadiform fishes: 1. Moridae, Gadella maraldi; 2. Macrouridae, Gadomus sp.; 3. Macrouridae, Coryphaenoides sp.;
4. Muraenolepididae, Muraenolepis sp.; 5. Melanonidae, Melanonus sp.; 6. Merlucciidae, Merluccius productus; 7. Steindachneriidae, Stein-
dachneria argentea; 8. Bregmacerotidae, Bregmaceros mcclellandi; 9. Gadidae, Gadus morhua; 10. Lotidae, Brosme brosme; 11. Phycidae, Uro-
phycis chuss. (Illustration by Bruce Worden)

have wandered into cool waters of the North Pacific and some
species are circumpolar. Three species in Gadus, including the
Atlantic cod, occur circumboreally, extending into Arctic wa-
ters north of Europe, where they are found as deep as 1,640
tt (500 m). Melanogrammus aeglefinus, the economically im-
portant haddock, is restricted to the North Atlantic where it
occurs off the northeastern United States and northern coasts
of Europe. Microgadus includes the tomcod, a brackish and
freshwater species found along the east coast of Canada and
the northeastern United States. Pollachius contains two species,
one of which is restricted to the eastern North Atlantic, the
other occurring on both sides of the North Atlantic. Theragra
chalcogramma, the Alaska pollock, is a North Pacific species
that is widely distributed in temperate to boreal waters. Fishes
in the family Lotidae are also centered in the North Adantic,
and one genus (Lota) has successfully invaded fresh waters of
northern Europe and northern North America.

Members of the speciose family Macrouridae (rattails and
grenadiers) occur primarily in deep-water habitats throughout
the world’s oceans (except for the Arctic). Almost all deep
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oceanic basins contain a macrourid fauna, and it has been esti-
mated that in the Pacific, members of this family comprise the
greatest vertebrate biomass between certain depth strata (Co-
hen et al. 1990). More macrourid species occur in tropical wa-
ters than at high latitudes. Several have very restricted ranges,
but the deeper-living species are more widely distributed.

The two species in the family Melanonidae are not well-
known or often collected. One species is circumantarctic, the
other circumglobal in tropical/subtropical waters. Merlucci-
ids occur in continental slope and deep-shelf habitats along
coastlines throughout the world. The several species in Mer-
luccius are found on both sides of the Atlantic Ocean, the east-
ern Pacific Ocean, and off southern New Zealand. The
enigmatic genus Lyconus has been found (rarely) in both the
North and South Atlantic oceans. One genus (Macruronus) is
restricted to subantarctic waters.

The family Moridae is found in all oceans. Most species
have very restricted ranges, although Antimora microlepis oc-
curs in much of the entire North Pacific. Four species in the
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family Muraenolepididae all occur in the Southern Ocean,
near the bottom in cold-temperate waters. Each species is re-
stricted to waters around capes or groups of islands sur-
rounding Antarctica.

The Phycidae are bottom-living fishes with a center
around the coastlines of the North Atlantic, but with a few
Southern Hemisphere species. Gaidropsarus exhibits a center
of abundance in the northeast Atlantic Ocean, but also ex-
tends to Japan, New Zealand, and South Africa. Phycis con-
tains two species, which are benthopelagic along the eastern
North Adantic Ocean coast. The several species in Urophycis
are distributed in the western Atlantic Ocean from Canada
through Argentina. Enchelyopus cimbrius is found on both sides
of the North Atlantic, where it occurs along the east coasts
of the United States and Canada, the Gulf of Mexico, south-
ern Greenland, Iceland, and the north coasts of Europe. Fi-
nally, the monotypic family Steindachneriidae (Steindachneria
argentea) is restricted to fairly deep waters of the Gulf of Mex-
ico, Caribbean Sea, and continental slope waters off the east-
ern United States.

Habitat

Habitats occupied by gadiforms vary by family and by gen-
era. Bregmacerotids occur epi- or mesopelagically in open-
oceanic waters, extending at times to shallow, coastal habitats.
Some have occasionally been found in estuaries. Euclichthys
polynemus, the sole species in the family Euclichthyidae, oc-
curs benthopelagically in depths of 820-2,625 ft (250-800 m).

Most species in the Gadidae occur demersally (on the bot-
tom) or benthopelagically. Very few (e.g. Gadiculus argenteus)
are pelagic (live in the water column off the bottom). The de-
mersal species occur over a variety of substrates (rock, sand,
mud, gravel, or shell debris), most prefer one over the oth-
ers, and some undertake seasonal migrations between habitat
types. The two species in Pollachius are pelagic, and some-
times form large wandering schools that migrate seasonally.
The many species in the Macrouridae are found in all oceans,
where they occur over very deep bottoms, including the deep
ocean basins. The deepest-occurring species occur at greater
than 3.7 mi (6,000 m), and few occur shallower than 328 ft
(100 m). Melanonids are widely distributed in open ocean
meso- and bathypelagic depths between tropical and sub-
antarctic waters.

Most species in the genera Merfuccius and Melanonus oc-
cur over continental shelves or upper continental slopes. Fa-
vored bottom types occupied by species in the genus
Merluccius range from sandy to muddy. The ill-known genus
Lyconus is pelagic and occurs in open waters of the Atlantic
Ocean.

Morids are pelagic to benthopelagic, and occur from shal-
low coastal habitats (rarely including estuarine habitats) to
deep oceanic waters. Favored bottom habitats range from soft
to hard bottoms, and from sand to mud. Muraenolepidids live
near bottom in moderate depths in waters surrounding
Antarctica. Phycids are demersal fishes living on a variety of
substrates ranging from mud to sand to shell debris. Finally,
Steindachneria argentea lives in the lower water column over
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soft bottoms on the deeper parts of the continental shelf and
upper continental slope.

Habitat requirements of most gadiforms vary according to
their life-history stage or age. It is impossible to propose a
generalized model of those varying habitat requirements be-
cause each family and each species exhibits its own pattern.
For example, within the Phycidae, the white hake, Urophycis
tenuis, spawns beyond the continental shelf off the northeast-
ern United States, and the fertilized eggs rise into open ocean
layers near the surface in an area known as the “Slope Sea.”
The larvae hatch and develop into a pelagic-juvenile stage,
strongly associated with the surface. As they grow they mi-
grate across the entire breadth of the continental shelf toward
shore. They arrive in estuaries as small juveniles and spend
one season there growing rapidly, finally leaving the estuary
at sizes of about 6 in (15.2 cm) at the end of the summer.
One- and two-year-olds may remain segregated from older
fish by virtue of their occupation of shallower bays and near
coastal waters. Subsequently they mingle with the rest of the
adult population on deeper parts of the continental shelf, with
seasonal migrations into shallower waters. The white hake’s
range of habitat requirements, therefore, extends from the es-
tuary, across the breadth of the continental shelf, to the up-
per part of the continental slope, and also includes the entire
water column, from surface to bottom (Fahay and Able 1989).

Another phycid, Urophycis chuss, the red hake, has very spe-
cialized habitat requirements. The fertilized eggs occur in
near-surface layers of oceanic waters off the northeastern
United States. After hatching, the developing larvae occupy
the same general layers. The larvae gradually acquire silvery
coloration and go through a pelagic-juvenile stage when they
occur epipelagically or neustonically, within a few inches of
the surface, often associated with floating weed or debris. Af-
ter about two months of this pelagic existence, red hakes set-
tle to the ocean bottom and seek shelter in a variety of
structured habitats including beds of clam shells, anemone or
polychaete tubes, depressions made by fishes or crustaceans,
or most frequently, beds of scallops, Placopecten magellanicus.
The young fishes have been found hiding under scallops, but
more frequently they enter into an inquiline association with
them whereby they live within the scallops’ mantle cavities.
The young fish remain in this association through their first
winter, finally emerging when they are about 4 in (10.2 cm)
long in the spring, and then they remain in coastal or estu-
arine waters through the next summer. When waters cool in
the fall, they join older fish in an offshore migration toward
the edge of the continental shelf, where they spend their sec-
ond winter. Their required habitats, therefore, include the
entire water column from surface to bottom, specific beds of
invertebrate hosts on the substrate, and the entire breadth of
the continental shelf from estuary to shelf edge depending on
the season (Able and Fahay 1998).

The Atlantic cod also has habitat requirements specific to
its life history stages. The fertilized eggs are pelagic and oc-
cur in waters overlying bays, the continental shelf, and im-
portant banks and shoals, (e.g. eastern Georges Bank, Grand
Banks). Larvae are also pelagic and drift slowly away from
spawning areas as they develop. The early juveniles descend
to the bottom when they are about 2 in (5.1 cm) long and set-
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tle on pebble-gravel deposits on important banks, such as the
northeast peak of Georges Bank. After settlement, young
fishes appear to favor vegetated habitats (such as eelgrass) in
coastal embayments, where they avoid predation by older cod,
as well as other predators. After two or three years of segre-
gation from adults, these one- and two-year-olds finally join
the adult population. Adults exhibit seasonal movements as-
sociated with depth and temperature fluctuations, generally
moving into shallower waters during summer and retreating
to deeper waters for the winter. Data are available demon-
strating habitat preferences based on depth, temperature, and
salinity, but surprisingly little is known about bottom types
favored. Rocky, pebbly, sandy, and gravelly have all been used
to describe cod haunts.

Behavior

In general, gadiform fishes are demersal and highly pis-
civorus, but there are exceptions to these characterizations.
These fishes occur primarily in colder waters, but many ex-
hibit seasonal migrations associated with reproduction or the
quest for important prey items. Observations on actual spawn-
ing behavior are few, and data on day—night differences in
their behavior are also few. Feeding behavior also varies sea-
sonally for many species, with a characteristic pattern involv-
ing cessation of feeding activity during spawning seasons.

Feeding ecology and diet

Many gadiform fishes feed on prey items occurring in the
substrate, and they are assisted in their search for food by the
presence of tactile barbels on their chins. Barbels are well de-
veloped in almost all of the gadids, phycids, lotids, macrourids,
morids, and muraenolepidids, all of whom feed actively on
benthic items. Conversely, the diet of one of the most pelagic
of the gadids, the pollock (Pollachius virens), consists primar-
ily of euphausiids and Atlantic herring, and its much-reduced
barbel reflects this focus on pelagic prey. Certain other pelagic
gadiforms, such as the melanonids, bregmacerotids, and
Euclichthys polynemus, lack chin barbels, and although their
food habits are not well studied, it can be assumed that their
important diet items are also pelagic.

The phycid hakes Urophycis chuss and U. tenuis (red hake
and white hake, respectively) have similar food habits, although
they do not always occur in the same habitats. Both species
focus on crustaceans and eat other fishes only secondarily. An-
nelids, molluscs, and all other prey constitute a minor fraction
of their diets. Their feeding behavior also takes advantage of
sensitive pelvic fin rays, which are deployed in advance of the
fish and aid in the search for prey through their tactile abili-
ties. The Atlantic cod is primarily a piscivore. Among the fishes
it consumes, the herring, Clupea harengus, is perhaps the most
important, but redfish, mackerel, and smaller cod are also im-
portant prey items, and diet components are likely to vary be-
tween different study sites. Certain Newfoundland studies
have found the capelin to be critically important. Cod also eat
crabs, and in some studies crustaceans have been identified as
more important than fishes. The haddock, Melanogrammus ae-
glefinus, has slightly different food habits than its relative, the
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cod. Although it focuses on crustaceans as a major dietary com-
ponent, fishes are unimportant in the remainder of its diet,
while polychaetes and echinoderms are secondarily important.
The diets of macrourids are highly variable and consist of a
wide range of fishes and benthic and pelagic invertebrates.
Merlucciids are voracious predators, and the several species of
Merluccius are highly piscivorous.

Specific information concerning the species that prey on
gadiform fishes is lacking for most species. Adults of larger,
commercially important species (cod, haddock, etc.) are prob-
ably only preyed upon by sharks, billfishes, and other large
predators, and their most important predator is undoubtedly
man. Young stages of all species, however, face predation by
a large number of species, and this plays a large part in de-
termining year-class strength. Some of their predators are
larger members of the same species.

Reproductive biology

More is known about reproduction and egg and larval de-
velopment in the families Gadidae and Merlucciidae, for those
two contain commercially important species that have received
the most attention. Gadiform fishes, in general, release masses
of eggs that are then fertilized externally. Almost all of those
eggs are pelagic (although little is known about reproduction
in the deep-water species). The Atantic cod is one of the
world’s most fecund fishes. A female of 11.0 Ib (5 kg) is capa-
ble of producing 2.5 million eggs, and larger females can pro-
duce more. The haddock is not far behind. A female just under
a meter in length can produce close to 2 million eggs. Eggs of
gadiforms range from about 0.02 in (0.5 mm) in diameter in
some morids and phycids, to about 0.08 in (2.0 mm) in certain
gadids and macrourids. The chorion (outer shell) is smooth in
most, but it may have a hexagonal pattern in the Macrouridae.
Most gadiform eggs have a single, small oil globule, although
eggs of the gadids lack an oil globule. Early life history stages
are known for fewer than a third of the species described in
the Gadiformes, but some descriptions are available for each
family. Gadiform larvae exhibit a diverse array of shapes and
specializations. According to Fahay and Markle (1984), “There
does not seem to be any character unique or diagnostic for
young gadiforms. The features of body shape, anus morphol-
ogy, and pelvic fin development in combination with specific
familial characters appear to be the most useful for initial iden-
tification. Transformation is gradual and direct with no strik-
ing changes in ontogeny.” The gut of most gadiform larvae
coils early in ontogeny, and combined with a tapering postanal
region and rounded head, contributes to an overall tadpole-like
appearance. It has not been documented in all gadiform fami-
lies and is not always easily observed, but very young gadiform
larvae have an anus that exits laterally through the finfold rather
than at its edge as in most fish larvae. Another characteristic
of gadiform larvae is that some secondary caudal rays develop
before some primary rays (in forms that have a caudal fin).

Conservation status

The IUCN lists three gadiform species: Physiculus hele-
naensis is categorized as Critically Endangered, and Gadus
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morbua and Melanogrammus aeglefinus are categorized as Vul-
nerable. There are no gadiform fishes listed by the United
States as endangered or threatened. However, among the fac-
tors threatening the sustainability of viable populations of gad-
iform fishes, overfishing figures high, especially regarding the
Atlantic cod, Gadus morbua. In some important areas, for ex-
ample eastern Canadian provinces, the cod is commercially ex-
tinct, meaning its population levels are so low that it can no
longer sustain a fishery. The loss of various marine habitats,
critically important to the survival of young fishes (as well as
older stages), is often cited as contributory to fish populations’
declines. For almost all fishes, our knowledge of the critical
function of these habitats is lacking or superficial, and increased
research in these areas is often cited as necessary for proper
management of marine resources.

Significance to humans

Certain gadiforms are among the world’s most commer-
cially important fishes. In the late 1980s, for example, some
15,101,665 tn (13,700,000 metric tons [t]), representing fully
17% of the world’s landings of marine fishes, were comprised
of gadiforms. Of this total, 95% was contributed by the Ga-
didae (cods and their relatives), followed by the merlucciids,
the macrourids, and morids.

The Atlantic cod has been an important fishery for cen-
turies, and this fishery has actually influenced the develop-
ment of western civilization in countries around the perimeter
of the North Atlantic Ocean (Kurlansky 1997). It is said that
when John Cabot arrived in Newfoundland waters, suppos-
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edly the first European explorer to do so, he was greeted by
a well-established fleet of Basque fishermen, who in turn had
been fishing for cod in Grand Banks waters for centuries be-
fore that. In the days before refrigeration, during the time
when the Catholic Church mandated the eating of fish on
Fridays and holy days, a good-tasting, lean fish that dried well
was in a position to dominate the European markets. The
Basques were pioneers and masters both in catching and pro-
cessing cod and therefore enjoyed a commanding position in
the world’s economy. Despite the heavy fishing pressure ex-
erted on the cod stocks during past centuries, it sustained a
huge fishery until the late 1900s, when increased exploitation,
based on increasingly efficient fishing methods (possibly com-
bined with changing environmental trends), finally con-
tributed to the collapse of the cod population. The collapse
of the stocks off Labrador and Newfoundland has had par-
ticularly devastating and tragic economic consequences in
eastern Canada, where the effects have been compared to the
Great Depression during the 1930s in the United States.

Other gadiforms are also the basis for valuable fisheries.
The Alaska (or walleye) pollock, Theragra chalcogramma, con-
tributes more to the world’s fisheries than any other demer-
sal fish species, of any family. The total annual landings of
this fish in the late 1980s reached 7,389,750 tn (6,703,868 t).
The merlucciids (hakes of the genus Merluccius and two
species of Macruronus) were once considered trash fish,
but now 11 species are being exploited. In the late 1980s,
2,180,192.1 tn (1,977,837 t) were harvested, making them the
second most commercially important family of gadiforms af-
ter the Gadidae.
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1. Roundnose grenadier (Coryphaenoides rupestris); 2. Luminous hake (Steindachneria argentea); 3. Atlantic tomcod (Microgadus tomcod); 4.
Alaska pollock (Theragra chalcogramma); 5. Burbot (Lota lota); 6. Haddock (Melanogrammus aeglefinus); 7. Silver hake (Merluccius bilinearis);
8. White hake (Urophycis tenuis); 9. Atlantic cod (Gadus morhua); 10. Red hake (Urophycis chuss); 11. Pollock (Pollachius virens). (Illustration
by Emily Damstra)
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Species

Atlantic cod
Gadus morbua

FAMILY
Gadidae

TAXONOMY
Guadus morbua Linnaeus, 1758, Atlantic Ocean and the coasts of
Europe.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Three separate dorsal fins, two separate anal fins. Dorsal and
anal fins touching at their bases or separated by very narrow
gaps. Chin barbel present. Pelvic fins sometimes with one
elongate ray. Head relatively narrow and long. Snout to base
of first dorsal fin length <33% of total length. Overall brown-
ish to greenish gray on upper sides, paler ventrally. Body cov-
ered with spots, sometimes vague.

DISTRIBUTION

East coast of North America, north of Cape Hatteras, North
Carolina, Hudson Bay, both coasts of southern Greenland, Ice-
land, coast of Europe from Bay of Biscay to Barents Sea.

HABITAT
Widely distributed in a variety of habitats from close to shore
to depths >1,968 ft (600 m), but most common over continen-
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accounts

tal shelf between 492 and 656 ft (150 and 200 m). Mostly dem-
ersal, although incursions into water column may coincide with
feeding or reproduction. Also found in river mouths from late

fall to early winter. Tolerates a wide range of temperatures and

salinities, but larger fish generally occur in colder water
32-41°F (0-5°C).

BEHAVIOR

The Atlantic cod is a highly migratory fish. Patterns of migra-
tions differ somewhat between regions. This pattern is associ-
ated with reproduction and seasonal temperature change in the
Newfoundland stock (Rose 1993). Here, huge schools of cod
leave their wintering areas in deep, oceanic waters, and follow
tongues of deep, relatively warm, oceanic waters (or highways)
across the continental shelf to summer feeding areas nearer to
the coast. Spawning occurs in dense concentrations (>1 fish/m?)
as they begin this mass movement, with multiple pairs of
spawning fish observed in columns above the mass. As this
huge mass migrates inshore, it periodically encounters impor-
tant prey aggregations (such as capelin or shrimp) and dis-
perses in order to feed. The mass is led by the largest fish (or
scouts), and the smallest bring up the rear. After reaching
nearshore waters, they turn and move northward along the
Newfoundland coast in late summer, then eventually return to
their deep-water wintering areas.

Off New England, Atlantic cod typically move into coastal
waters during the fall, and then retreat into deeper waters dur-
ing spring. A slightly different pattern occurs in the Great

Microgadus tomcod

Gadus morhua
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South Channel area where they move southwesterly during the
fall, spend the winter off southern New England and the Mid-
dle Atlantic coast, and then reverse this movement during the

spring.

FEEDING ECOLOGY AND DIET

Diet changes with life history stage. The cod is generally om-
nivorous and voracious. For most ages, feeding occurs in twi-
light (dawn and dusk), but young fish feed almost continuously.
Larvae feed on plankton; juveniles feed on invertebrates, espe-
cially small crustaceans; older fish feed on invertebrates and
fishes, including young cod. Important diet items are likely to
vary between study areas. Herring and capelin are important
items in some areas.

REPRODUCTIVE BIOLOGY

Size and age at maturity have declined in recent years, most
likely as a response to the fishery harvesting older and larger
fish, or to a general decline in the stock biomass due to intense
exploitation. A Scotian Shelf study (Beacham 1983) found that
median age at maturity declined about 50% from 1959 (when
age at 50% maturity was 5.4 years in males; 6.3 years in fe-
males) to 1979 (when age at 50% maturity was 2.8 years in
both sexes). Median lengths at maturity declined from 20.1 to
15.4 in (51 to 39 cm) in males; 21.3 to 16.5 in (54 to 42 c¢m) in
females. This smaller-and-younger-at-maturity trend continued
between 1972 and 1995 in all zones between Georges Bank
and Labrador, until presently in United States waters, maturity
is reached between 1.7 and 2.3 years (median age) and 12.6
and 16.1 in (32 and 41 cm) (average length). Off the northeast-
ern United States, the distribution of eggs indicates that im-
portant spawning occurs over the northeast peak of Georges
Bank and around the perimeter of the Gulf of Maine. Repro-
duction peaks in winter and spring, but continues weakly
throughout the year. The North Sea is a major center for re-
production in the eastern Atlantic, where spawning peaks be-
tween December and May. Eggs and larvae are pelagic, and
juveniles begin descending to the bottom at sizes between 1.0
and 2.4 in (2.5 and 6.0 cm).

CONSERVATION STATUS

The Adantic cod is listed as Vulnerable by the IUCN. Popula-
tions are heavily overexploited by fisheries and are at reduced
levels of abundance. Both commercial landings and estimates
of spawning stock size are at their lowest levels since 1960.
Catch limits are strictly managed, and several important fishing
grounds, e.g. portions of Georges Bank, have been closed to all
fishing, largely in response to these low levels.

SIGNIFICANCE TO HUMANS

The importance of the Atlantic cod through history can hardly
be overemphasized. For the past 1,000 years, the capture,
preparation, and distribution of the cod has influenced the de-
velopment of Western Civilization, especially around the
perimeter of the North Atlantic Ocean. The Vikings crossed
the Atlantic in pursuit of the cod. The Basques turned the cod
into a commercial product in medieval times. Cape Cod was
named in honor of the cod in 1602. The cod has actually been
the cause of wars between countries, from American colonial
times to recent conflicts between Iceland and Great Britain in
the twentieth century. Newfoundland was settled by Irish and
English natives in the early eighteenth century, largely because
of opportunities in the cod fishery. Throughout most of the
nineteenth century, this fishery was the most important source
of employment and income for people in Newfoundland and
much of Eastern Canada. In 1992, the cod population nearly
reached a point of commercial extinction in waters off eastern
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Canada and Newfoundland, and a fishing moratorium was im-
posed. This moratorium has removed the main source of em-
ployment and income for thousands of fishermen from
hundreds of small fishing communities and has truly devastated
the Canadian economy. &

Haddock

Melanogrammus aeglefinus

FAMILY
Gadidae

TAXONOMY
Melanogrammus aeglefinus Linnaeus, 1758, Oceano Europeo.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Three separate dorsal fins, two separate anal fins. Dorsal and

anal fins separated by narrow gaps. Small chin barbel present.
Pelvic fins sometimes with one elongate ray. Lateral line dark.
A prominent blotch on side over the pectoral fin.

DISTRIBUTION

Eastern North Atlantic from Bay of Biscay to Spitzbergen;
Barents Sea; around Iceland and southern tip of Greenland;
Western North Atlantic from Labrador to Cape Charles, Vir-
ginia. In the western Atlantic, highest abundance occurs over
Georges Bank, Scotian Shelf, and southern Grand Bank. The
highest concentrations off the United States are associated with
the two major stocks located on Georges Bank and in the
southwestern Gulf of Maine.

HABITAT

Haddock are most common at depths of 148-443 ft (45-135
m) and temperatures of 36-50°F (2.2-10°C). Substrates pre-
ferred include rock, sand, gravel, or broken shell. Gravelly sand
and gravel are preferred in the Western Atlantic. Haddock ex-
hibit age-dependent shifts in habitat use, with juveniles occu-
pying shallower water on bank and shoal areas, and larger
adults associated with deeper water.

BEHAVIOR

Adult haddock do not undertake long migrations, but seasonal
movements occur in the western Gulf of Maine, the Great
South Channel, and on the northeast peak of Georges Bank.

Pollachius virens

Melanogrammus aeglefinus
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FEEDING ECOLOGY AND DIET

Crustaceans, echinoderms, polychaetes, and mollusks are the
most important prey items for juveniles and adults combined.
Juveniles prey mostly on crustaceans. Other fishes are of minor
importance in the haddock’s diet.

REPRODUCTIVE BIOLOGY

Spawning occurs between January and June, with peak activity
during late March and early April. An average-sized 21.7 in (55
cm) female produces approximately 850,000 eggs, and larger
females are capable of producing up to three million eggs an-
nually. Spawning concentrations occur on eastern Georges
Bank, to the east of Nantucket Shoals, and along the Maine
coast. Growth and maturation rates of haddock have changed
significantly over the past 30 to 40 years. During the early
1960s, all females age four and older were fully mature, and
approximately 75% of age three females were mature.
Presently, growth is more rapid, with haddock reaching 18.9 to
19.7 in (48 to 50 cm) at age three. Nearly all age three and
35% of age two females are mature. Although early maturing
fish increase spawning stock biomass, the degree to which
these younger fish contribute to reproductive success of the
population is uncertain.

CONSERVATION STATUS

Listed as Critically Endangered by the IUCN. The spawning
stock biomass of Georges Bank haddock declined from 76,000
tn (69,000 t) in 1978 to 12,125 tn (11,000 t) by 1993, and has
since increased to 41,900 tn (38,000 t) in 1998. However,
spawning stock biomass is presently below the minimum
threshold level of 58,400 tn (53,000 t), indicating the stock is
in an overfished condition. Observed increases in spawning
stock biomass of Georges Bank haddock have resulted from
conservation of existing year classes. This is a necessary first
step in the stock rebuilding process. Recent research vessel sur-
veys provide indications that the 1998 year class may be the
strongest in two decades. If this recruitment is realized, there is
a potential for significant stock rebuilding.

SIGNIFICANCE TO HUMANS

An extremely valuable fishery on both sides of the North At-
lantic. In 1987, the FAO reported that landings of this species
amounted to 439,295 tm (398,522 t), of which total most
(400,530 tn; 363,353 t) was taken in the northeastern Atlantic.
Leading fishing countries are United Kingdom, Russia, Nor-
way, and Iceland, followed by France, Denmark, and others.
Northwest Atlantic landings are dominated by Canada, fol-
lowed by the United States. &

Atlantic tomcod
Microgadus tomcod

FAMILY
Gadidae

TAXONOMY
Microgadus tomcod Walbaum, 1792, Artedi.

OTHER COMMON NAMES
English: Frostfish.

PHYSICAL CHARACTERISTICS

Three separate dorsal fins, two separate anal fins. Dorsal and
anal fins separated by gaps and rounded in outline. Chin barbel
present. Pelvic fins with one elongate ray. Caudal fin rounded.
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Olive brown to green dorsally, paler ventrally, with darker
mottling on sides.

DISTRIBUTION

Once reported to occur along the coast of North America from
Labrador to North Carolina, the tomcod now occurs only as far
south as the Hudson River in New York, where it is common.

HABITAT

The tomcod is a coastal fish, ascending rivers into habitats
with very low salinities, and living near or on the bottom. It is
strictly riverine in the Hudson River, but also can survive land-
locked in lakes. Young stages are found in estuaries throughout
its range, but not those with limited (or no) freshwater input.

BEHAVIOR

No migrations to offshore waters, but tomcod prefer colder
temperatures and move into deeper waters during summer, re-
turning to shallow waters during fall and winter.

FEEDING ECOLOGY AND DIET
Feeds mostly on small crustaceans (especially shrimps and am-
phipods), worms, small molluscs, squid, and very young fishes.

REPRODUCTIVE BIOLOGY

Tomcod spawning is accomplished during winter, and involves
elaborate courtship behavior of small groups. Most egg deposi-
tion occurs well upstream, in the lowest salinities available, and
eggs are weakly adhesive. In the Hudson River, 93-99% of
spawners are young-of-the-year fish approaching their first
birthday. Larvae hatch at 0.2-0.24 in (5-6 mm) total length
and grow rapidly during their first spring. Growth is then de-
pressed during summer and resumes in the fall.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS

Tomecod is a popular sport and food fish, mostly in Canada and
New England states. In addition to a limited hook and line fish-
ery, tomcod are taken with bag nets, pocket nets, and weirs. &

Pollock

Pollachius virens

FAMILY
Gadidae

TAXONOMY
Pollachius virens Linnaeus, 1758, Oceano Europeo.

OTHER COMMON NAMES
English: Coalfish, saithe.

PHYSICAL CHARACTERISTICS

Three separate dorsal fins, two separate anal fins. Dorsal and
anal fins separated by narrow gaps. A very small chin barbel
present. Lateral line pale. Brownish-green dorsally, slightly
paler ventrally. Fins same color as body.

DISTRIBUTION

The pollock occurs on both sides of the North Atlantic. In the
western North Atlantic, it is found from the Hudson Strait to
Cape Hatteras, North Carolina. In the eastern North Atlantic,
from Spitzbergen to Bay of Biscay. Also found in Barents Sea
and around Iceland.
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HABITAT

The pollock is strongly pelagic and occurs most frequently over
depths of 361-590 ft (110-180 m), although its range can vary
with food supply and season. Adult fishes occur in temperatures
as low as 32°F (0°C), and they do not tolerate temperatures
>52°F (11°C). Young stages are known as harbor pollock and are
commonly found in bays and estuaries throughout their range.

BEHAVIOR

The pollock is a schooling species and is found throughout the
water column, not just near bottom. Pollock engage in short
migrations associated with temperature changes or for spawn-
ing, but otherwise remain fairly stationary within their range.

FEEDING ECOLOGY AND DIET

The pollock feeds most actively on pelagic prey. Important
prey items include euphausiids (especially Meganyctiphanes
norvegica), fishes, and molluscs (especially the squid Lo/igo).
Crustaceans are most important in juveniles’ diets. Fishes com-
prise only 12% of juveniles’ diets and 28% of adults’ diets.

REPRODUCTIVE BIOLOGY

In the western Atlantic, spawning occurs from September to
April with peaks between December and February. Both sexes
reach sexual maturity during their third year, at lengths of 19.9
and 18.9 in (50.5 cm and 47.9 cm) in males and females, re-
spectively. Spawners occasionally form huge aggregations.
Spawning occurs over hard, rocky bottoms, and activity peaks
when temperatures are between 40.1 and 42.8°F (4.5 and
6.0°C). Eggs and larvae develop pelagically, and small pelagic
juveniles begin to enter inlets in February and March, when
they are <2.0 in (50 mm) long.

CONSERVATION STATUS
Not listed by the IUCN. Although there are recognized

western Atlantic centers of abundance of pollock on the
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Scotian Shelf, Georges Bank, and Gulf of Maine, tagging
studies suggest considerable movement of pollock between
these centers and accordingly, pollock from Cape Breton,
Nova Scotia, and south continue to be assessed as a single,
unit stock by United States scientists. The total nominal
catch from this stock, including commercial and recreational,
has been steadily declining since 1986, and the 1996 total rep-
resents an 82% reduction from 1986 landings. Spawning bio-
mass is increasing, but within the Gulf of Maine, stock
abundance and biomass remain low. Overall the stock is con-
sidered to be fully exploited, but not yet in an overfished con-
dition.

SIGNIFICANCE TO HUMANS

Pollock is an important commercial species, and it is marketed
in several ways: fresh, as chilled fillets, frozen, canned, dried
and salted, and in brine. A large percentage of the 1987 total
landings 524,680 tn (475,981 t) was landed in the northeast At-
lantic by Norway, Iceland, France, Germany, the United King-
dom, and Denmark. Most of the catch in the northwest
Atlantic is landed by Canada, the United Kingdom, and
France. ¢

Alaska pollock

Theragra chalcogramma

FAMILY
Gadidae

TAXONOMY
Theragra chalcogramma Pallas, 1811, sea of Okhotsk and the
shores of Kamchatka.

Lota lota
Steindachneria argentea

Theragra chalcogramma
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OTHER COMMON NAMES
English: Walleye pollock.

PHYSICAL CHARACTERISTICS

Three separate dorsal fins, two separate anal fins. Dorsal and
anal fins separated by gaps. A very tiny chin barbel present.
Pelvic fins sometimes with one ray elongate. Olive green to
brown dorsally, silvery on sides, pale ventrally. Often mottled
or blotchy.

DISTRIBUTION

Found in temperate and subarctic waters of the Northern Pa-
cific Ocean from Sea of Japan, through Okhotsk Sea, Bering
Sea, and Gulf of Alaska, then south to waters off central Cali-
fornia. Separate stocks (as many as 12) occur in the North Pa-
cific, including those in the Gulf of Alaska, Aleutian Islands,
and Bering Sea.

HABITAT

A schooling fish found on or near the bottom, but also in mid-
water to near-surface depths. Heaviest catches made at depths
between 164 and 984 ft (50 and 300 m).

BEHAVIOR

Alaska pollock perform vertical migrations on a daily basis.
Juveniles ascend at night to feed on zooplankton near the
surface. Migrations of the entire population associated with
spawning and feeding. Alaska pollock follow a circular pattern
of migrations in the Bering Sea, moving inshore in the spring
to spawn and feed, and offshore to warmer, deeper waters in
winter.

FEEDING ECOLOGY AND DIET

Young fish feed on copepod adults and eggs. Adults prey on
shrimps, sand lance, and herring off British Columbia; on pink,
chum, and coho salmon in Alaskan waters; on mysids, euphau-
siids, silver smelt, and capelin in Asian waters.

REPRODUCTIVE BIOLOGY

Alaska pollock begin spawning at age two, but ages four and
five contribute most to reproduction. Most spawning begins
late February in the Bering Sea, March or April in the Gulf of
Alaska. Major spawning aggregations are found in Shelikof
Strait, Straits of Georgia, Aleutian Basin, and off the Pribilof
Islands. Spawning fish form dense schools high in the water
column. Fecundity ranges from 37,000 eggs per female to
nearly one million off the coast of Canada. In the western

Bering Sea, an 11-year-old female can produce 15 million eggs.

Eggs are pelagic and occur mostly within 98 ft (30 m) of the
surface.

CONSERVATION STATUS

Not listed by the ITUCN. Based on estimates of spawning stock
biomass and projections into the near future, the Gulf of
Alaska stock is not in an overfished condition, nor is it pre-
dicted to be.

SIGNIFICANCE TO HUMANS

The Alaska pollock has become an increasingly important hu-
man food resource. In the early 1990s, landings of this species
were the largest of any demersal fish. The FAO Yearbook of
Fishery Statistics for 1987 reported 7,389,750 tn (6,703,868 t)
were landed, primarily in the western part of the North
Pacific by USSR, Japan, Poland, and Republic of Korea. The
largest catches are made over the outer shelf and slope of

the eastern Bering Sea, between the Aleutian Islands and the
Pribilofs. &
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Burbot
Lota lota

FAMILY
Lotidae

TAXONOMY
Lota lota Linnaeus, 1758, Europe.

OTHER COMMON NAMES
English: American burbot (Canada), lush (Alaska), lawyer, ling
(Canada), eelpout.

PHYSICAL CHARACTERISTICS

Short first dorsal fin followed by long second dorsal fin. Anal fin
single, nearly as long-based as second dorsal. Pelvic fins normal,
not modified into elongate rays. Well-developed chin barbel.
Anterior nostril has barbel-like flap. Color yellow, light tan, to
brown, overlain with a blotchy pattern of darker brown or black.

DISTRIBUTION

The burbot occurs in freshwaters of northern North America
and Europe and Asia. Occurs farther north than 40° N (to
nearly 80° N).

HABITAT

Occurs on the bottoms of lakes and rivers, from depths of 1.6
ft (0.5 m) to more than 755 ft (230 m).

BEHAVIOR

The burbot moves into shallower waters during summer
nights. They also move into shallower water to spawn in some
parts of their range.

FEEDING ECOLOGY AND DIET

The burbot has been characterized as a voracious predator and
night feeder. Young fish feed on insect larvae, crayfish, mol-
luscs and other invertebrates, whereas adults >19.7 in (50 c¢m)
feed almost exclusively on other fishes.

REPRODUCTIVE BIOLOGY

Burbot spawning occurs from November to May, but primarily
between January and March in Canada, and December in parts of
Russia. Spawning usually occurs under the ice, over sand or gravel
substrates, at night, and in shallow water (<9.8 ft [3 m] depth). Eggs
are semi buoyant. Fecundity ranges from 45,600 eggs per 13.4-in
(34-cm) female to 1,362,077 eggs in a 25.2-in (64-cm) female.

CONSERVATION STATUS

Not listed by the IUCN. The burbot may occur in consider-
able numbers in many inland lakes, but has declined over past
levels in the Great Lakes, where it had been considered a nui-
sance species.

SIGNIFICANCE TO HUMANS

The burbot is an important competitor for food of other
species, such as lake trout and whitefish. It is fished commer-
cially in Finland, Sweden, and the European part of Russia, but
it is only moderately important as a commercial species in
Canada and Alaska. Often marketed salted or as pet food. &

Roundnose grenadier
Coryphaenoides rupestris

FAMILY
Macrouridae

TAXONOMY
Coryphaenoides rupestris Gunnerus, 1765, Trondheim.
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OTHER COMMON NAMES
English: Black grenadier, rock grenadier.

PHYSICAL CHARACTERISTICS

Abdominal region (tip of snout to beginning of anal fin) short.
Snout broad and rounded. Head broad, soft and deep, with
tiny chin barbel. First dorsal fin with two spines and 8-11 rays.
Pelvic fin has 7-8 rays, with one elongate. A modified scute-
like scale at tip of snout. A wide gap between first and second
dorsal fins. Anal fin rays much longer than dorsal fin rays.
Color brownish gray, with blackish fins. Reaches greater than a
meter in length.

DISTRIBUTION

Occurs in the North Atlantic north of Cape Hatteras, North
Carolina to Baffin Island, Greenland, off Iceland and Norway,
south to Spain in the Eastern Atlantic. Isolated occurrences off
North Africa and Bahamas.

HABITAT

Found between 590 and 7,217 ft (180 and 2,200 m) depth, but
concentrated between 1,312 and 3,937 ft (400 and 1,200 m).
Adults may be distributed in shallower waters than younger
fishes.

BEHAVIOR
Undertakes a post-spawning migration during the winter, back
into relatively shallow waters.

FEEDING ECOLOGY AND DIET

Undertakes diurnal, vertical feeding migrations that may take it
well off the bottom >3,280 ft (1,000 m). Consumes a variety of
fishes and invertebrates, primarily pelagic crustaceans such as
shrimps, amphipods, and cumaceans. Also feeds on lantern-
fishes and cephalapods.

REPRODUCTIVE BIOLOGY

Undertakes spawning migrations during the summer into
deeper waters, particularly near Iceland. Females mature at
about 23.6 in (60 cm), males at about 15.8 in (40 cm). Fecun-
dity estimates range from 12,000 to 35,500 eggs per female. In

Merluccius bilinearis

Coryphaenoides rupestris
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some areas, may spawn year-round. The eggs are pelagic,
spherical, and 0.091-0.095 in (2.3-2.4 mm) in diameter. Their
shell is honeycombed and they contain a single oil globule.
The larva has been illustrated by Merrett (1978).

CONSERVATION STATUS
Not listed by the ITUCN. A valuable commercial fish species
currently facing overexploitation in the North Atlantic.

SIGNIFICANCE TO HUMANS

The roundnose grenadier is a fish with excellent taste and tex-
ture. Some 22,000 tn (20,000 t) are landed annually, primarily
by fishing fleets from Russia, Germany, and Poland. Its liver is
rich in fats and vitamins. &

Silver hake

Merluccius bilinearis

FAMILY
Merlucciidae

TAXONOMY
Merluccius bilinearis Mitchill, 1814, New York.

OTHER COMMON NAMES
English: Atlantic whiting.

PHYSICAL CHARACTERISTICS

Genus (hakes) characterized by large head (1/3 to 1/4 of body
length), with large, oblique mouth. Lower jaw longer than up-
per. Two separate dorsal fins, the first short based, high, and
triangular, separated from the second, which is long and par-
tially divided by a notch in the midsection. Single anal fin sim-
ilar in shape to second dorsal. Pelvic fins with seven rays.
Silver hake has 16-20 gill rakers on the first arch (cf. 8-11 in
closely related Merluccius albidus). Color purplish gray dorsally,
silvery white lower on sides.

DISTRIBUTION

Occurs on the continental shelf of the northwest Atlantic
Ocean from Gulf of St. Lawrence and Grand Banks to offings
of North Carolina. Silver hake are most abundant between
Nova Scotia and New Jersey. Two stocks have been identified
in American waters. One occurs in the Gulf of Maine and
northern edge of Georges Bank, the other from the southern
edge of Georges Bank to Cape Hatteras, North Carolina.

HABITAT

Silver hake apparently prefer temperatures between 44.6 and
51.8°F (7 and 11°C) in the summer and fall, and 44.6 and
55.4°F (7 and 13°C) in the spring. They occur in depths be-
tween 33 and 4,100 ft (10 and 1,250 m), moving into deeper
waters during the coldest time of year. Little is known about
substrates they prefer, although juveniles 0.6-2.0 in (1.5-5.0
cm) are most abundant on silt-sand bottoms with concentra-
tions of amphipod tubes. During the colder times of year, sil-
ver hake become concentrated in deep basins of the Gulf of
Maine and along the upper continental slope.

BEHAVIOR

All stocks of silver hake exhibit inshore-offshore migrations as-
sociated with temperature changes and availability of important
diet items. They are primarily demersal fish, but often move
upward in the water column, especially at night, presumably
following prey items.
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FEEDING ECOLOGY AND DIET

Young silver hake <7.9 in (20 cm) eat mostly crustaceans, such
as euphausiids and shrimps. As they grow, they consume in-
creasing proportions of fishes, and adults >13.8 in (35 cm) feed
almost exclusively on fishes. Said to be a voracious predator,
their diet sometimes includes smaller silver hake.

REPRODUCTIVE BIOLOGY

Major spawning areas include coastal Gulf of Maine, southern
Georges Bank, and waters south of Rhode Island. In these ar-
eas spawning reaches a peak in June and July. Spawning occurs
during late summer off Sable Island Bank in Canadian waters.
Females are asynchronous spawners and lay their eggs in sev-
eral batches through the season. Age and length at maturity
have both declined in recent years. In the early 1960s, silver
hake reached maturity at two to three years of age and lengths
between 11.4 and 13.0 in (29 and 33 cm). By 1989, these fig-
ures had declined to 1.6-1.7 years old and 8.8-9.1 in
(22.3-23.2 cm), respectively. Another study found that 20% of
two-year-olds had reached maturity in 1973, while 80% of
two-year-olds had reached maturity in 1990.

CONSERVATION STATUS

Not listed by the IUCN. The decline in size and age at maturity
are usually the result of a stock that has been overfished. In both
the northern and southern stocks, significant mortality of juve-
nile silver hake has occurred through discarding in the large
mesh and small mesh otter trawl fisheries directed at other
species. Annual discard estimates over 1989-1992 ranged from
1,430-11,020 tn (1,300-10,000 t [10 million to 81 million fish])
per year. Excessive discard mortality on juveniles may severely
limit opportunities to rebuild either silver hake stock. The
southern stock is considered to be in an overfished condition.

SIGNIFICANCE TO HUMANS

The silver hake fishery is important to the United States, Rus-
sia, and Cuba. Centers of the fishery are Nova Scotia, Gulf of
Maine, and Georges Bank. The total catch in 1987 was 85,950
tm (77,975 t), down from 479,500 tn (435,000 t) in 1973. Silver
hake flesh is flaky and good tasting. It is marketed frozen or
filleted, and preparation methods include smoking, boiling, and

frying. ®

Red hake
Urophycis chuss

FAMILY
Phycidae

TAXONOMY
Urophycis chuss Walbaum, 1792, Artedi.

OTHER COMMON NAMES
English: Squirrel hake.

PHYSICAL CHARACTERISTICS

Single anal fin. Two dorsal fins, the first short based and mod-
erate in height, with one elongate ray. A single chin barbel.
Pelvic fin comprised of two very elongate rays, tip of the
longest reaching level of anus. Upper limb of gill raker with
three gill rakers; caudal fin with 28-34 rays.

DISTRIBUTION
Western North Atlantic Ocean from Cape Hatteras, North
Carolina to Nova Scotia, rarely to Gulf of St. Lawrence. Two
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Urophycis tenuis

Urophycis chuss

stocks occur off the northeastern United States: a northern
stock from the northern slopes of Georges Bank and Gulf of
Maine, and a southern stock, from the southern slopes of
Georges Bank to North Carolina.

HABITAT

Found on muddy or sandy bottoms, less common on gravelly
or hard bottoms. Adults found between 16.4 and >984 ft (5 and
>300 m), but some seasonal migrations take place. Early settled
juveniles live in an inquiline association with sea scallops, Pla-
copecten magellanicus, or other structured habitats, after which
they remain in relatively shallow coastal waters until their sec-
ond year. Thereafter, they are most common in depths <328 ft
(100 m) in warmer months, >328 ft (100 m) in colder months.

BEHAVIOR

Red hake migrate seasonally in reaction to changing tempera-
tures. During summer, they are quite common in nearshore
bays and estuaries in New England. During the winter, they
migrate into deeper waters.

FEEDING ECOLOGY AND DIET

Hakes use their pelvic fin rays as sensory organs to find food
(Bardach and Case 1965). Juveniles leave their shelters at night
and prey on small benthic organisms such as crustaceans.
Adults also prey on crustaceans, but consume a wide variety of
fish and squid as well.

REPRODUCTIVE BIOLOGY

Spawning occurs spring through fall off the coast of northeast-
ern United States, but may be restricted to mid-summer in the
Gulf of Maine. Eggs and larvae develop pelagically, and the
larvae transform into a specialized pelagic—juvenile stage that is
highly neustonic (lives very near the surface), often gathering
around floating debris. They settle to the bottom at sizes of
1.4-1.6 in 35-40 mm).

CONSERVATION STATUS

Not listed by the IUCN. During the early 1960s, total land-
ings from both stocks (northern and southern) peaked at
125,220 tn (113,600 t) in 1966. Annual landings then declined
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sharply to only 14,220 tn (12,900 t) in 1970, increased again to
84,220 tn (76,400 t) in 1972, and then have declined steadily
since. Red hake landings averaged only 1,870 t (1,700 t) per
year during 1990-1999, a decline of over 40% from the
1980-1989 average. Red hake landings in 1999 were well be-
low historic levels. Despite these declines, neither stock is
presently considered to be in an overfished condition, and re-
cruitment of younger fish appears to be strong.

SIGNIFICANCE TO HUMANS

A variable constituent of the United States and Canadian trawl
fisheries. Large fish marketed fresh or frozen, and small fishes
sometimes sold for animal feeds. ¢

White hake

Urophycis tenuis

FAMILY
Phycidae

TAXONOMY
Urophycis tenuis Mitchill, 1814, New York.

OTHER COMMON NAMES
English: Mud hake (Canada).

PHYSICAL CHARACTERISTICS

Single anal fin. Two dorsal fins, the first short based and mod-
erate in height, with one elongate ray. A single-chin barbel.
Pelvic fin comprised of two very elongate rays, not quite
reaching level of anus. Upper limb of gill raker with two gill
rakers; caudal fin with 33-39 rays.

DISTRIBUTION

Most commonly from Newfoundland to Cape Hatteras, North
Carolina, as far south as Florida in deeper water and around
the coasts of Iceland.

HABITAT

Soft, muddy bottoms of the outer continental shelf and upper
continental slope. Most occur deeper than 656 ft (200 m). Also
found in deeper basins in the Gulf of Maine and submarine
canyons along the edge of the continental shelf. Juveniles de-
pend on estuaries during their first spring and summer, where
they are common in eel grass beds and other structured habitats.

BEHAVIOR

Young white hake engage in sand-hiding behavior, whereby
they bury themselves in sand with only their heads protruding.
The entire population typically moves into deeper waters in
the fall, although the largest sizes occur in depths of 656 ft
(200 m) and deeper and move very little, if at all.

FEEDING ECOLOGY AND DIET

Juveniles feed on polychaetes, shrimps, and other crustaceans.
Adults also feed on crustaceans, but augment their diet with
fishes, including juvenile white hake.

REPRODUCTIVE BIOLOGY

Spawning occurs in early spring off the northeastern United
States, with a separate spawning event during summer over the
Scotian Shelf and Gulf of St. Lawrence (Able and Fahay 1998).
Larvae develop into a silvery pelagic—juvenile stage that is
strongly associated with the ocean surface. These soon migrate
into estuaries, where they settle to their first bottom stage, and
remain through the summer.
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CONSERVATION STATUS

Not listed by the IUCN. Total landings of white hake in-
creased from about 1,102 tn (1,000 t) during the late 1960s to
9,150 tn (8,300 t) in 1985. Landings then declined to 5,622 tn
(5,100 t) in 1989, rose sharply to 10,582 tn (9,600 t) in 1992,
and have since steadily declined to levels not seen since the
early 1970s. Total landings in 1998 were 2,866 tn (2,600 t), a
30% decline from 1996. Results of the most recent assessment
indicate the Gulf of Maine-Georges Bank white hake stock is
in an overfished condition.

SIGNIFICANCE TO HUMANS

Since 1968, the United States fishery has accounted for ap-
proximately 90% of the Gulf of Maine-Georges Bank white
hake catch, but Canadian fishermen also land significant
amounts from Newfoundland and northern Gulf of Maine.
Larger fish are marketed fresh or as frozen fillets. Smaller fish
are sometimes used for animal feed. ®

Luminous hake
Steindachneria argentea

FAMILY
Steindachneriidae

TAXONOMY

Steindachneria argentea Goode and Bean, 1896, off Mississippi
River delta.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Body long, compressed, tapering to a fine point and tiny cau-
dal fin. Anus separated from urogenital opening, the former
situated between the pelvic fin bases, the latter just ahead of
the anal fin. A light organ present on the ventral part of body
and sides of head, appearing as purplish, striated area. First
dorsal fin has one spine and 7-9 rays; second dorsal and anal
fins each has more than 123 rays. Anterior portion of anal fin
elevated, containing 10-12 rays. Pectoral fin has 14-17 rays.
First ray of pelvic fin filamentous. Body silvery, upper part
somewhat brownish, belly purplish.

DISTRIBUTION

Found in the central western Atlantic Ocean and off the East
Coast of the United States, Gulf of Mexico, and Caribbean Sea
as far as Venezuela.

HABITAT
Occurs on outer part of continental shelf and upper continen-
tal slope, usually over soft bottoms.

BEHAVIOR
Unknown.

FEEDING ECOLOGY AND DIET
Unknown.

REPRODUCTIVE BIOLOGY

Eggs of this species are undescribed. The larvae are pelagic
and are uncommonly collected in the Gulf of Mexico. They
have large heads and large eyes, and the pectoral fins are some-
what stalked as they develop. The striated luminous organ be-
gins to develop in larvae as small as 0.9 in (24.0 mm), when fin
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rays are completely formed. The anus and urogenital opening
initially are found together, but the anus migrates forward with
development.

CONSERVATION STATUS
Not listed by the IUCN.

Vol. 5: Fishes Il

SIGNIFICANCE TO HUMANS

No fishery is directed at this species, although large quantities
are sometimes landed between depths of 1,300 and 1,640 ft
(400 and 500 m) in the northern Gulf of Mexico. ¢
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Photo: A splendid coral toadfish (Sanopus splen-
didus) near Cozumel, Mexico. Its striking appear-
ance sets it apart from the other toadfishes.
(Photo by J. W. Mowbray/Photo Researchers, Inc.
Reproduced by permission.)

Evolution and systematics

The family Batrachoididae is the only family in the order
Batrachoidiformes, and is thought to be most closely related
to the fishes in the order Lophiiformes containing the goose-
fishes, frogfishes, and deepsea anglers. It has been divided into
three subfamilies: Porichthyinae (Porichthys, 14 species and
Aphos, 1 species) and Thalassophryninae (Daector, 5 species
and Thalassophryne, 6 species) are the most derived and are re-
stricted to the New World; Batrachoidinae containing at least
16 genera (including Opsanus and Sanopus) and about 51
species occur worldwide.

Physical characteristics

Toadfishes are small- to medium-sized fishes with a broad,
flattened head and a wide mouth that usually has barbels
and/or fleshy flaps around it. The eyes are on top of the head
and directed upwards. The pelvic fins are forward, in front of
the pectoral fins, and have one spine and three soft rays. There
are two separate dorsal fins, the first with two or three spines,
and the second is long with 15 to 25 soft rays. The anal fin
is somewhat shorter than the second dorsal fin. The pectoral
fins are large with a broad base. The gill openings are small
and are restricted to the sides of the body. Species of Porichthys
have photophores (light organs) along their sides and ventral
surface. Species in the subfamily Thalassophryninae have hol-
low, venomous spines in their first dorsal fin and opercles. Bi-
fax lacinia has a flap with an eye spot at the end of the maxilla
on each side of the mouth.

Toadfishes usually are rather drab colored, often brown-
ish with darker saddles, bars, or spots; however, some species
in the Atlantic genus Sanopus are brightly colored. Maximum
size of species ranges from 2.2 in (56 mm) to at least 20.1 in
(510 mm) standard length.
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Distribution

Worldwide between about 51° N and 45° S along conti-
nents in marine and brackish waters, occasionally entering
rivers. Several freshwater species in South America.

In the New World Pacific Ocean: the genus Porichthys
occurs from southeast Alaska south to Ecuador; Aphos from
Peru south to Chile; Daector from Costa Rica to Peru; and
Batrachoides from Mexico to Peru. In the New World Atlantic
Ocean: Porichthys occurs from Virginia south to Argentina;
Opsanus from Massachusetts south to Belize; Sanopus from
Yucatan, Mexico to Panama; Triathalassothia in Belize, Hon-
duras, and Argentina; Amphichthys from Panama to Brazil;
Thalassophryne from Panama to Uruguay. Species of Daector,

An oyster toadfish (Opsanus tau) resting on the ocean floor. It makes
a “grunting” sound when caught. (Photo by Tom McHugh/Photo Re-
searchers, Inc. Reproduced by permission.)
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The oyster toadfish (Opsanus tau) has been used in studies of insulin
and diabetes, drug metabolism, hearing, dizziness and motion sick-
ness. (Photo by David Hall/Photo Researchers, Inc. Reproduced by per-
mission.)

Thalassopbryne, and Potamobatrachus occur in freshwater in
South America.

In the eastern Atlantic Ocean Batrachoides, Halobatrachus,
Perulibatrachus, and Chatrabus occur along the African coast.
South Africa has several genera: Chatrabus, Batrichthys, and
Austrobatrachus. Barchatus is found in the Red Sea and adja-
cent areas, Bifax in the Gulf of Oman as well as Austrobatra-
chus, which ranges to India. Allenbatrachus ranges from India
through the Indo-Australian archipelago to the Philippines
and north to Thailand. Toadfishes have not been recorded
from Taiwan or Japan. The genus Halophryne occurs on the
west, north, and east costs of Australia, and north to the
Philippine Islands, and Basrachomoeus has the same range in
Australia and ranges north through the Indo-Australian arch-
ipelago to Vietnam.

Habitat

Toadfishes rest on and bury in the substrata and are found
from the shoreline down to deep water, at least to 1,200 ft
(366 m). They occur in full-strength sea water, brackish wa-
ter, and also freshwater. Their usual cryptic coloration allows
them to blend with the subtrata where they can function as
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ambush predators. The species in the genus Sanopus typically
live in sand depressions under coral heads.

Behavior

Toadfishes are known for their sound production result-
ing from the contraction of muscles on the swim bladder. Both
males and females produce agonistic grunts, whereas only
males make longer courtship calls, “boat whistles,” or “hums.”

Feeding ecology and diet

In addition to being ambush predators, toadfishes also
move about feeding on invertebrates, mostly crabs, shrimps,
mollusks, sea urchins, and fishes, and others take planktonic
organisms from the water column.

Reproductive biology

Males prepare nests, usually in a cavity under a rock or shell,
including objects discarded by humans such as cans or bottles.
Males attract females by vocalizations, and then females lay
large, adhesive eggs and leave the area. Males guard and fan
the eggs until after hatching. The young may remain in the
nest after hatching, still attached to the nest surface and even
after free swimming. The plainfin midshipman has two types
of males, larger nest holding ones and smaller sneaker males
that dart into nests attempting to fertilize eggs of a nesting pair.

Conservation status

The IUCN lists five species of toadfishes as Vulnerable—
the Cotuero toadfish (Batrachoides manglae), the whitespotted
toadfish (Sanopus astrifer), the whitelined toadfish (S. green-
fieldorum), the reticulated toadfish (S. reticulatus), and the
splendid coral toadfish (S. splendidus). A number of species ap-
pear to have very limited distributions.

Significance to humans

Larger toadfish species are eaten, although there is no spe-
cific fishery for them. Species in the genus Allenbatrachus are
occasionally collected and sold in the aquarium trade as fresh-
water fishes. Species in the genera Opsanus and Porichthys are
used in laboratory studies. Venomous toadfishes in the sub-

family Thalassophryninae can inflict pain if handled.
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1. Atlantic midshipman (Porichthys plectrodon); 2. Oyster toadfish (Opsanus tau); 3. Plainfin midshipman (Porichthys notatus); 4. Splendid coral
toadfish (Sanopus splendidus). (lllustration by Jacqueline Mahannah)
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Species accounts

Opyster toadfish

Opsanus tau

FAMILY
Batrachoididae

TAXONOMY
Gadus tau Linnaeus, 1766, Carolina, United States.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

The maximum size is 15 in (381 mm) standard length. There
are three dorsal-fin spines, a body lacking scales, and a single
subopercular spine. The inner surface of the pectoral fins has
discrete glands between the upper rays, and the pectoral fin
with an axillary pore behind it. The second dorsal fin has
23-27 soft rays, and the anal fin has 19-23 soft rays. The
tongue, gill arches, roof of mouth and inner surface of the
gill covers are light, not black, and the background color of
the body is dark with no spots. The pectoral fin has definite
cross bars.

DISTRIBUTION
Atlantic coast of the United States, from Maine to Miami,
Florida.

HABITAT
Usually found over rock, sand, or mud, and oyster shell bot-
toms, often most abundant in estuaries.

Opsanus tau

Sanopus splendidus
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BEHAVIOR

This species makes a grunting noise by rubbing muscles across
the swim bladder. Males use a boat-whistle call to attract fe-
males to nesting sites.

FEEDING ECOLOGY AND DIET
Feeds mainly on small crabs and other crustaceans.

REPRODUCTIVE BIOLOGY
Males establish nesting sites from April through October. Re-
productive behavior typical of the family.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS

Generally considered a nuisance when caught by fishers, but used
as an experimental animal for studies involving insulin and dia-
betes, drug metabolism, hearing, dizziness, and motion sickness.

Plainfin midshipman
Porichthys notatus

FAMILY
Batrachoididae

TAXONOMY
Porichthys notatus Girard, 1854, San Francisco, California,
United States.

OTHER COMMON NAMES
English: Singing fish, canary bird fish.

PHYSICAL CHARACTERISTICS

The maximum size is 15 in (380 mm) standard length. There
are two spines in the first dorsal fin, and the second dorsal and
anal fins are long. There are rows of photophores on the head
and body, and those on the underside of the head are V-shaped.

DISTRIBUTION
Southeast Alaska to Baja, California, Mexico.

HABITAT
Usually buried in soft bottom, mud, or sand, but can be found
in rocky intertidal areas during breeding season.

BEHAVIOR

Like other family members it produces sound, making grunts
and a hum that is a mating call. It has been demonstrated that
the photophores can be used as a countershading mechanism
to hide the midshipman from predators while it is foraging in
the water column at night.

FEEDING ECOLOGY AND DIET

A nocturnal species that is partially buried during the day but

at night rises into the water column to feed on planktonic or-

ganisms. It has been suggested that its photophores help illu-

minate food items. It also can function as an ambush predator,
taking crustaceans and fishes while buried.
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Porichthys plectrodon

Porichthys notatus

REPRODUCTIVE BIOLOGY

Males establish nests under objects and attract females by hum-
ming. Two kinds of males are present, larger nest-holding ones
and smaller sneaker males that dart into nests attempting to
fertilize eggs of a nesting pair. There have been reports that
the photophores also are involved in mating behavior.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS

The humming of breeding males bothers persons living in
houseboats. It is used as a laboratory animal and is an impor-
tant food item for seals and sea lions. &

Atlantic midshipman
Porichthys plectrodon

FAMILY
Batrachoididae

TAXONOMY
Porichthys plectrodon Jordan and Gilbert, 1882, Galveston,
Texas, United States.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

The maximum size is 8.6 in (218 mm) standard length. There

are two spines in the first dorsal fin, and the second dorsal and
anal fins are long. There are rows of photophores on the head
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and body, and those on the underside of the head are U-
shaped.

DISTRIBUTION

Cape Henry, Virginia south to northern Brazil, including the
Gulf of Mexico and the Caribbean Sea.

HABITAT
Prefers mud bottoms where it buries itself during the day

BEHAVIOR

It produces both aggressive and mating vocalizations. Pho-
tophores may be used as a countershading mechanism to avoid
predators while foraging in the water column at night.

FEEDING ECOLOGY AND DIET.

Although some benthic invertebrates and fishes have been
found in their stomachs, most of the food consists of plank-
tonic crustaceans and larval fishes taken at night while foraging
in the water column.

REPRODUCTIVE BIOLOGY

It moves from deeper water into shallow bays and spawns in
the spring and summer. The reproductive behavior is typical of
the family.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Used as an experimental animal. ¢

Splendid coral toadfish
Sanopus splendidus

FAMILY
Batrachoididae

TAXONOMY
Sanopus splendidus Collette, Starck, and Phillips, 1974, Cozumel
Island, Mexico.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

The maximum size is 9.9 in (252 mm) standard length. There
are three dorsal-fin spines; a single subopercular spine; no
scales; no glands between the upper rays of the inner surface of
pectoral fins; and an axillary pore present. All fins are bordered
with black and orange-yellow.

DISTRIBUTION
Known only from off Cozumel Island, Quintana Roo, Mexico.

HABITAT
Usually found in sand depressions under coral heads.

BEHAVIOR
Not known.

FEEDING ECOLOGY AND DIET
An ambush predator feeding on small fishes and gastropods.

REPRODUCTIVE BIOLOGY
Not known.
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CONSERVATION STATUS
Listed as Vulnerable by the IUCN. It is known only from off
Cozumel Island and thus is potentially at risk.

Vol. 5: Fishes Il

SIGNIFICANCE TO HUMANS
Commonly photographed by scuba divers. &
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Class Actinopterygii

Order Lophiiformes
Number of families 18

Photo: A frogfish (Antennarius sp.) eating a fish.
(Photo by Tom McHugh/Steinhart Aquarium/Photo
Researchers, Inc. Reproduced by permission.)

Evolution and systematics

The anglerfishes (order Lophiiformes) are a remarkable
assemblage of approximately 65 genera and nearly 300 species
of curious and wonderfully bizarre fishes. Lophiiformes is one
of six orders that make up the euteleostean superorder Para-
canthopterygii. Of the six paracanthopterygian orders, the
toadfishes (order Batrachoidiformes) are considered to be
most closely related to the anglerfishes. The fossil record ex-
tends back to the Eocene, with representatives from the fam-
ilies Antennariidae and Lophiidae having been found in
Eocene formations of Italy.

Pietsch and Grobecker recognized 18 lophiiform families
and divided them among five suborders. In phylogenetic or-
der and from most primitive to most dervied, they are:
Lophioidei (containing only one family, Lophiidae, the monk-
fishes), Antennarioidei (four families, the frogfishes), Chau-
nacoidei (one family, Chaunacidae, the sea toads or
coffinfishes), Ogcocephaloidei (one family, the batfishes), and
Ceratioidei (11 families, the bathypelagic anglerfishes).

Physical characteristics

The anglerfishes share two very conspicuous derived char-
acters (synapomorphies). (1) The anterior portion of the spin-
ous dorsal fin has migrated forward to a position on the
anterior surface of the head, just behind the snout. The first
dorsal fin spine has been modified further to serve as an an-
gling apparatus (illicium), by loosing its membranous con-
nection to the other cephalic dorsal fin spines and acquiring
a distal bait or lure (esca) to help attract prey. (2) The bases
of the pectoral fins (radials) have become greatly elongated
so that the pectoral fins appear to be at the end of long, jointed
arms. The number of pectoral radials has been reduced to be-
tween two and five. Additional lophiiform synapomorphies
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are gill openings that are reduced in size and, in all but the
most primitive lophioids, located posterior to the pectoral fin
base; five or six branchiostegal rays; absent ribs; and first ver-
tebra fused to the neurocranium. Anglerfishes are very diverse
in both color and size; this order ranges from a few inches to
approximately 6.6 ft (2 m) in length.

Distribution

Anglerfishes are worldwide in distribution. With the ex-
ception of one antennariid (frogfish) species that has been
known to enter freshwater, they are exclusively marine, and
most species occur in deep water.

The batfish (Ogcocephalus sp.) “walks” along the bottom on limb-like
fins. A “lure” is located below the base of the rostrum. (Photo by David
M. Schleser/Nature’s Images, Inc/Photo Researchers, Inc. Repro-
duced by permission.)
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A longlure frogfish (Antennarius multiocellatus) extending its lure to attract a fish. (Photo by Andrew J. Martinez/Photo Researchers, Inc. Repro-

duced by permission.)

Habitat

Most anglerfishes occur in deep oceanic waters. The cer-
atioid anglerfishes are midwater fishes, inhabiting primarily
the mesopelagic and bathypelagic zones. Most other angler-
fishes are benthic and occur in the waters of the outer conti-
nental shelf and continental slope. A few lophioids enter the
shallows at high latitudes, and many antennarioids occur in
coral reef or other shallow habitats in tropical and warm tem-
perate waters.

Behavior

Most knowledge of anglerfish behavior is associated with
the specialized adaptations that have made them such effec-
tive and successful ambush predators. Most important among
them are the angling apparatus and the functional morpho-
logical features of the feeding mechanism. These adaptations,
along with certain reproductive adaptations, have made the an-
glerfish among the most successful predators in the deep sea.

The angling apparatus (illicium) is derived from the ante-
riormost spine in the dorsal fin. The illicium and second dor-
sal fin spine (if present) articulate with a single, enlarged
pterygiophore. The illicium has a rather elaborate set of as-
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sociated muscles, which allows the angler to move the spine
rapidly, thus thrashing the bait (esca) vigorously above or in
front of the mouth. In some anglerfishes the bait may be a
simple bulb or clublike structure, but in others it can be quite

U

An angler (Lophius piscatorius) resting on the sandy bed of the At-
lantic Ocean near Brittany, France. (Photo by Jeff Rotman/Photo Re-
searchers, Inc. Reproduced by permission.)

Grzimek’s Animal Life Encyclopedia



Vol. 5: Fishes Il

Order: Lophiiformes

An anglerfish “angling” with lure for catching prey. (lllustration by Joseph E. Trumpey)

elaborate. In many deep-sea species, the esca is biolumines-
cent, while in forms that live in sunlit regions, it may be an
elaborate fleshy structure, occasionally resembling a small,
shrimplike crustacean in some lophiid species or even a small
fish in one species of antennariid.

The mouth in most anglerfishes is cavernous, and in many
species it is lined with long, sharp, thin, depressible teeth. The
functional morphological features associated with the angler-
fish feeding apparatus are quite fascinating. Like many de-
rived teleostean fishes, anglerfishes are “gape-and-suck”
feeders. Many anglerfishes, however, have a greatly elongated
and highly mobile suspensorium, or hyopalatine arch (the
portion of the skull that supports the lower jaw). This feature
serves to permit swallowing of very large prey and allows the
volume of the buccal cavity to increase to a much greater ex-
tent than in other fishes, which results in much greater neg-
ative pressure or suction when the mouth is opened rapidly.

Not only can anglerfishes create much greater negative
pressure when opening the mouth and expanding the buccal
cavity, but they appear to be capable of doing so much more
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rapidly than other fishes. Pietsch and Grobecker used high-
speed cinematography (800 and 1,000 frames/second) to study
the functional morphological characteristics of the feeding ap-
paratus in antennariid anglerfishes. They showed that maxi-
mum oral expansion and subsequent prey engulfment may
occur in as little as four milliseconds, and the average speed
for three species of Antennarius was seven milliseconds. For
comparison, this takes 40 milliseconds in the European perch
(Perca fluviatilis), 16 milliseconds in the freshwater butterfly-
fish (Pantodon buchholzi), and 15 milliseconds in the stonefish
(Synanceia verrucosa).

During typical ambush feeding, the anglerfish remains mo-
tionless (either on the bottom or in the water column, de-
pending on the family) until suitable prey is detected. Many
benthic anglerfishes (e.g., antennariids and lophiids) are ca-
pable of remarkable cryptic coloration, whereas the midwa-
ter forms are usually very dark brown or black (cryptic in a
pelagic environment with little or no light). Upon sensing
prey, the angler brings the illicium into play, attempting to
attract the prey to within reach (aggressive mimicry). When
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A sargassumfish (Histrio histrio) floating in a sargassum mat at the ocean surface. (lllustration by Joseph E. Trumpey)

the prey reaches the strike zone, the mouth of the angler opens
rapidly, and the buccal cavity expands greatly, creating a
strong suction that draws in the prey.

Feeding ecology and diet

Anglerfishes feed primarily upon nekton, especially fishes
and other nektonic organisms that probably are attracted by
angling apparatus. Batfishes are one of the few groups of an-
glerfishes that feed primarily on benthic invertebrates. There
is evidence suggesting that various kinds of anglerfishes—
including large species—are consumed by larger predatory
fishes such as sharks.

Reproductive biology

Very little is known about the reproductive biology and
early life history of most anglerfishes, but it would appear that
the early larval stages of all anglerfishes are pelagic, and thus
meroplanktonic. One adaptation that does appear to be com-
mon to all anglerfishes is the acquisition of sexual dimorphism
in the size and structure of the olfactory organs. This appears
to be associated with the production of species-specific
pheromones by the females, which attract the males during
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the breeding season. What little else is known about the re-
productive biology of these fishes is restricted primarily to the
families Lophiidae, Antennariidae, and a few ceratioid fami-
lies; within these families, knowledge is likewise restricted to
very few species.

A warty frogfish (Antennarius maculatus) near a brown sponge and the
lava sand of the Lembeh Strait, near Indonesia. (Photo by Fred Mc-
Connaughey/Photo Researchers, Inc. Reproduced by permission.)
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Early life-history stages have been described for a few of
the 25 species of lophiid anglerfishes (Lophius americanus, L.
budegassa, and L. piscatorius). Larvae of only four of the 41
antennariid species have been described, but only Antennar-
ius striatus and Histrio histrio are reasonably well known.

In the case of all anglerfishes from which eggs have been
identified, eggs are released from the female embedded in a
long, bouyant, ribbonlike mucoid veil. This is known to reach
a length of 39.4 ft (12 m) and a width of 5 ft (1.5 m) and has
been estimated to contain more than 1.3 million eggs in one
large lophiid anglerfish species (L. americanus). The pigmenta-
tion of the embryos imparts a dark hue to the veil, and they are
so conspicuous as they float at the surface of the sea that they
have long been known to commercial fishermen. In anglerfishes
in which the larvae have been identified, the larvae pass through
a planktonic stage before becoming either benthic or nektonic
(in the case of the midwater ceratioid anglerfishes).

Conservation status

Only one of the anglerfish families, Lophiidae, contains
species of economic importance. These are harvested commer-
cially in U.S., European, and Japanese waters, and the species
that occurs off the Atlantic Coast of the United States, L. amzer-
icanus, has received protection from the U. S. National Marine
Fisheries Service owing to overfishing both for the meat, which
is marketed in the United States as monkfish, and the liver,
which is highly prized in Japan. The IUCN lists the spotted
handfish (Brachionichthys hirsutus) of Tasmania as Critically En-
dangered. The population of this species has been greatly re-
duced by an introduced starfish that preys on its egg clusters.

Significance to humans
Other than the lophiid species that are harvested com-
mercially, lophiiform fishes have little importance to humans.
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A painted frogfish (Antennarius pictus) near the Russell Islands. (Photo

by Fred McConnaughey/Photo Researchers, Inc. Reproduced by per-
mission.)
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1. Male seadevil (Cryptopsaras couesii); 2. Sargassumfish (Histrio histrio); 3. Big-eye frogfish (Antennarius radiosus); 4. Longnose batfish (Og-
cocephalus corniger); 5. Monkfish (Lophius americanus). (lllustration by Joseph E. Trumpey)
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Species accounts

Big-eye frogfish

Antennarius radiosus

FAMILY
Antennariidae

TAXONOMY
Antennarius radiosus Garman, 1896.

OTHER COMMON NAMES
English: Singlespot frogfish.

PHYSICAL CHARACTERISTICS

The big-eye frogfish has skin with closely set, forked dermal
spinules. The illicium is about as long as the second dorsal fin
spine and has no dermal spinules. There is a single dark spot
(ocellus) surrounded by a lightly colored ring below the poste-
rior portion of the soft dorsal fin.

DISTRIBUTION

The big-eye frogfish occurs in the western Atlantic Ocean
from Long Island, New York, to Florida and across the north-
ern Gulf of Mexico. It has been reported from the eastern At-
lantic, but it is apparently very rare there. It has been taken at
depths ranging from 20 to 900 ft (6-275 m).

HABITAT

Like other members of its genus, the big-eye frogfish is ben-
thic. This species is primarily an inhabitant of mud bottoms. It
is commonly taken by shrimp trawlers in the northern Gulf of

Mexico, and it is frequently found in deeper portions of
higher-salinity estuaries.

BEHAVIOR
Unknown.

FEEDING ECOLOGY AND DIET

Like other frogfishes and most other anglerfishes, the big-eye
frogfish is a voracious ambush predator and will take any prey
it can capture.

REPRODUCTIVE BIOLOGY
Unknown.

CONSERVATION STATUS
Not threatened. A significant death rate may result from those
that are taken as bycatch by shrimp trawlers.

SIGNIFICANCE TO HUMANS
None known. &

Sargassumfish
Histrio bistrio

FAMILY
Antennariidae

TAXONOMY
Histrio histrio (Linnaeus, 1758).

Cryptopsaras couesii

Antennarius radiosus
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Histrio histrio

OTHER COMMON NAMES
English: Sea mouse, mousefish.

PHYSICAL CHARACTERISTICS

Frogfishes (family Antennariidae) are somewhat similar to their
monkfish relatives in that they have a large head on which are
located several isolated dorsal fin spines; the pectoral fins ap-
pear armlike. They are strikingly different in that the head is
globose and the body is flattened laterally (compressed) rather
than dorsally (depressed). In addition, the second and third
dorsal fin spines usually are surrounded by so much fleshy skin
that it may be difficult to recognize them as fin spines. The
second, or soft, dorsal and anal fins are much more conspicu-
ous, and the soft dorsal is usually much longer than the anal
fin. The sargassumfish is characterized by its very short angling
apparatus and its smooth skin, which lacks the small, spiny
scales or dermal spinules typical of most other frogfishes. Its
color pattern is changeable and highly variable, but it is usually
cryptic, consisting of streaks, spots, and mottling of brown,
olive, and yellow, making it nearly impossible to detect among
the sargassum weed in which it hides.

DISTRIBUTION

The sargassumfish has the widest geographic distribution of any
frogfish. Being an obligate associate of sargassum weed, they are
found wherever this species occurs, that is, in tropical, warm
temperate, and occasionally cool temperate waters of the Atlantic,
Pacific, and Indian Oceans. They appear to be very rare in the
eastern Atlantic, and they are absent from the eastern Pacific.

HABITAT

The sargassumfish is the only frogfish species that is not ben-
thic. It is only found associated with the epipelagic brown al-
gae, Sargassum, in tropical and warm temperate environments.
Although Sargassum is usually pelagic, members of the commu-
nity associated with it, including the sargassumfish, are techni-
cally pseudopelagic.
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BEHAVIOR

Most of what is known about the behavior of sargassumfish is
associated with their feeding. This behavior is described in the
introductory section.

FEEDING ECOLOGY AND DIET

Like most other anglerfishes, sargassumfish are ambush preda-
tors that use aggressive mimicry to attract prey. Most observers
describe them as particularly voracious, feeding readily and in-
discriminately on anything they can swallow, including fishes
as long as or longer than themselves. They even consume
other sargassumfish. They are one of the major predators of
the sargassum community.

REPRODUCTIVE BIOLOGY

Reproduction in the sargassumfish is similar to the known re-
productive behavior of other anglerfishes. The eggs are re-
leased in the typical egg veil or raft, which in sargassumfish
may be 35-47 in (90-120 cm) long and 2-4 in (5-10 cm) wide.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
None known. ¢

Seadevil
Cryptopsaras couesii

FAMILY
Ceratiidae

TAXONOMY
Cryptosaras couesii Gill, 1883.
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OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Like other midwater anglerfishes, the seadevil is characterized
by the absence of pelvic fins, pseudobranchs, and scales or
other dermal derivatives. Moderate to extreme degrees of sex-
ual dimorphism characterize members of this suborder. Cerati-
ids exhibit extreme sexual dimorphism, with the adult males
being reduced to ectoparasites of the females. As with most
species, the lure (esca) appears to be bioluminescent in the
seadevil. Female seadevils have a vertical to strongly oblique
mouth, and the first two or three rays of the soft dorsal fin are
modified as caruncles (low, fleshy appendages).

DISTRIBUTION
Their distribution is worldwide between 63° N and 43° S lati-
tudes.

HABITAT

The species inhabits the lower mesopelagic and bathypelagic
zones, between 246 and 13,123 ft (75-4,000 m), but is most
commonly found between 1,640 and 4,101 ft (500-1,250 m).

BEHAVIOR
Little is known besides feeding ecology and reproductive biology.

FEEDING ECOLOGY AND DIET

Ceratioid anglerfishes, like the seadevil, are one of the most
important groups of predatory fishes in the lower mesopelagic
and bathypelagic zones of the world oceans. Feeding is by ag-
gressive mimicry using the angling apparatus. They feed upon
zooplankton and nekton, with fishes and cephalopods probably
forming a major component of the diet.

REPRODUCTIVE BIOLOGY

The reproductive adaptations found among the ceratioid an-
glerfishes are among the most fascinating in the animal king-
dom. As mentioned earlier, all lophiiform anglerfishes appear
to have some degree of sexual dimorphism in the structure and
size of the olfactory organs. It is assumed that this is associated
with the females’ production of species-specific pheromones,
which attract the males when the female is ready to breed. In
ceratioid anglerfishes this sexual dimorphism has reached its
extreme, not only among the vertebrates but also perhaps the
entire animal kingdom. In most of the 11 ceratioid families,
the female is considerably larger than the male (females range
from three to 13 times the length of conspecific males). Fur-
thermore, in at least four ceratioid families the males have
been so drastically reduced that they have become essentially a
pair of swimming testes directed by a huge pair of olfactory or-
gans. Once these “minimized” males find a female, they attach
themselves to her with their jaws, eventually achieving histo-
logical fusion and leading the remainder of their lives as essen-
tially a pair of “ectoparasitic” testes.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
None known. ¢
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Monkfish

Lophius americanus

FAMILY
Lophiidae

TAXONOMY
Lophius americanus Curvier and Valenciennes in Valenciennes,
1837, North America.

OTHER COMMON NAMES
English: Goosefish, anglerfish.

PHYSICAL CHARACTERISTICS

Like most lophiid anglerfishes, the monkfish is distinguished
easily from other anglerfishes by its very large, wide, flattened
head. Lophiids also have an enormous mouth armed with long,
sharp, conical teeth, and the angling apparatus and second dor-
sal fin spine arise very close to each other at the anterior end
of the snout. The monkfish has a number of derived character
states, among which are increased numbers of dorsal and anal
fin rays and vertebrae, gill openings restricted to a location
completely behind the pectoral fin base, and a variety of cranial
osteological features. The monkfish is distinguished from its
congeners by several morphological characters.

DISTRIBUTION

The monkfish is known to occur from the Grand Banks off New-
foundland south to the east coast of Florida (about 29° N latitude)
and from just below the tide line (only at high latitudes) to depths
of more than 2,625 ft (800 m). However, few large individuals are
taken below 1,312 ft (400 m). This is the only member of the
genus found in the western Atlantic north of Cape Hatteras.

HABITAT

Adult monkfish have been found on soft and hard substrates
including soft mud, soft sand, hard sand, pebbles, gravel, and
broken shells.

Ogcocephalus corniger

Lophius americanus
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BEHAVIOR

Most of what is known about lophiid behavior comes from ob-
servations of the monkfish and another species, Lophius piscato-
rius; general aspects of this behavior are described earlier, in
the ordinal account. Aristotle made the very first observations
of angling behavior. He described them as having hairlike fila-
ments hung before their eyes, with knobs attached like bait to
the end of each filament. When little fishes come in range of
the filaments and strike at them, they are led down with the
filaments into the monkfish’s mouth. Such observations were
not recorded again until 1925, when Bigelow and Welsh re-
ported the observations of W. F. Clapp, who observed monk-
fish catching young tomcod (Microgadus tomcod) in the eelgrass
beds of Duxbury Bay, Massachusetts.

FEEDING ECOLOGY AND DIET

Like all lophiiform anglerfishes, monkfishes are voracious am-
bush predators. Their diet consists primarily of fishes, and
when given a choice, they prefer soft-rayed fishes to spiny-
rayed species. When the opportunity presents itself, however,
they take any prey large enough to engulf. This includes fishes
nearly as long as itself. The alternate name goosefish alludes to
the fact that the monkfish has been known to engulf marine
birds when it enters shallow coastal waters at high latitudes
during the winter months. (Cormorants, herring gulls, wid-
geons, scoters, loons, guillemots, razor-billed auks, grebes, and
other diving fowl, such as scaup ducks and mergansers, have all
been recorded as stomach contents.) Smaller monkfishes are
known to feed on a wide variety of invertebrates, including
small lobsters, crabs, squid, and polychaetes.

REPRODUCTIVE BIOLOGY

As mentioned earlier, the monkfish is one of the few lophiid
species for which detailed life history information is available.
Long, mucoid egg veils are characteristic of this species.

CONSERVATION STATUS

During the latter few decades of the twentieth century, the
popularity of monkfish increased steadily in U. S. markets. Be-
cause the liver also is highly sought by the Japanese market,
fishing pressure on this species has resulted in overexploitation.
Fortunately, this species has received some protection from the
U. S. National Marine Fisheries Service. This species is not
listed by the IUCN.

SIGNIFICANCE TO HUMANS

As Lophius americanus has gained popularity with consumers in
the United States and there is strong demand for it in the
Japanese market, this species has tremendous economic impor-
tance. ¢
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Longnose batfish

Ogcocephalus corniger

FAMILY
Ogcocephalidae

TAXONOMY
Ogocephalus corniger Bradbury, 1980.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Most batfishes are dorsoventrally flattened. They have only a
single, very short dorsal fin spine (the illicium), although the
vestige of the second spine may be present but embedded. The
illicium usually is contained within a deeply concave illicial cav-
ity, and it typically extends forward and downward rather than
forward and upward, as in most other anglerfishes. The skin is
covered with prominent, tubercle-like scales, which may be very
large and conical (bucklers) in some genera. The scales fuse at
the anterior end of the snout, forming a moderate to greatly
elongated rostrum. The mouth is relatively small compared with
other anglerfishes and has small teeth. The longnose batfish has
a long, slender rostrum at the end of a triangular head and dark
bands of pigment on the distal portions of the pectoral and cau-
dal fins. The overall body color is dark brown or gray, with
small, pale spots uniformly distributed on the dorsal surface.

DISTRIBUTION

The longnose batfish inhabits the western Atlantic from Cape
Lookout, North Carolina, south to the Yucatan Peninsula, in-
cluding the Gulf of Mexico and the Caribbean. It has been
taken at depths ranging from 95 ft (29 m) to 755 ft (230 m).

HABITAT
All batfishes are benthic, occurring on a wide variety of bottom

types.

BEHAVIOR
Unknown.

FEEDING ECOLOGY AND DIET

Batfishes feed using aggressive mimicry, as do most anglerfishes;
however, they are unusual among anglerfishes in that a greater
proportion of their diet seems to be small, benthic invertebrates.

REPRODUCTIVE BIOLOGY
Unknown.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
None known. &
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Mugiliformes
(Mullets)

Class Actinopterygii
Order Mugiliformes
Number of families 1

Photo: The white mullet (Mugil cerema) is native
to the East Coast of the United States, from Mass-
achusetts to Texas. (Photo by Tom McHugh/
Shedd Aquarium, Chicago/Photo Researchers,
Inc. Reproduced by permission.)

Evolution and systematics

A revision in 1997 recognized 14 genera and 62 species of
mullets as valid. Their relationships to other spiny-rayed
teleosts are unclear. Skeletal features suggest affinities either
to perciforms or to atherinomorphs. Morphological analyses
have indicated that mugilids are part of the group Smeg-
mamorpha, with the Synbranchiformes (swamp and spiny
eels), Elassomatidae (pygmy sunfishes), Gasterosteiformes
(sticklebacks, pipefishes, and relatives), and Atherinomorpha
(silversides, livebearers, and relatives). Analyses of complete
mitochondrial DNA sequences indicate that mugilids are re-
lated most closely to atherinomorphs and that the Syn-
branchiformes form the next most closely related group to
the mugilids and atherinomorphs.

According to anatomical studies of the pharyngobranchial
region of the head, Agonostomus is the most primitive of the
mugilid genera. Foturus, Cestracus, and Aldrichetta are, respec-
tively, the next most derived lineages. Evolutionary relation-
ships between the remaining, higher mullets, such as Mugi,
Mpywxus, Liza, and Valamugil have not been resolved in published
work. The oldest known mugilid fossils are skeletal remains
of Mugil princeps, collected from 30- to 40-million-year-old
Menilite beds of Poland and the Ukraine.

Physical characteristics

Most species commonly reach about 7.9 in (20 ¢m) in to-
tal length, but some (e.g., Mugil cepbalus) may attain
31.5-39.4 in (80-100 cm). The head is broad and flattened
dorsally in most species. The snout is short, and the mouth
is small. The gill arches of many species are specialized, form-
ing a characteristic pharyngobranchial organ that has an
expanded, denticulate pad used for filtration of ingested ma-
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terial. In many (but not all) species of mullets, the teeth are
positioned on the lips; this is unlike most species of fishes,
in which teeth, if present, are attached directly to the jaw-
bones. In most species of mullets, the teeth are very small or
may even be absent.

The eyes may be partially covered by adipose tissue. There
are two short, well-separated dorsal fins, the first with four
spines and the second with eight to ten segmented rays. The
anal fin is short, with two or three spines and seven to twelve
segmented rays in adults. The pectoral fins are placed high
on the body, and the caudal fin is weakly forked. The lateral
line is absent. The scales are moderate to large in size, with
one or more longitudinal grooves. There are two or more py-
loric caeca associated with the stomach, which also has a thick-
walled, muscular gizzard in most species. Mullets usually are
grayish green or blue dorsally, and their flanks are silvery, of-
ten with dark longitudinal stripes. They are pale or yellowish
ventrally.

Distribution

Worldwide through tropical, subtropical, and warm tem-
perate regions; some species inhabit cool temperate waters.
Several species and genera are common in the Indo-Pacific
(e.g., Liza and Valamugil). Mugil generally is restricted to the
Atlantic and eastern Pacific.

Habitat

Most mullets are found in coastal marine and brackish wa-
ters. They are nektonic, usually in shallow inshore environ-
ments, such as coastal bays, reef flats, tide pools, and around
harbor pilings and in brackish water estuaries, lagoons, and
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Mullets (Mugil sp.) in the Homosassa River, Florida, USA. (Photo by
Douglas Faulkner/Photo Researchers, Inc. Reproduced by permission.)

mangroves. They usually swim over sandy-muddy bottoms and
sea grass meadows, in relatively still waters. They commonly
occur at water depths of 65.6 ft (20 m) but may be found off-
shore or in deeper waters. Many species are euryhaline and
move between marine and freshwater environments of rivers
and flooded rice fields. Some species occasionally swim far
upriver, and a few species spend their entire adult lives in
rivers.

Behavior

Feeding behavior apparently follows daily cycles, which
may change through the seasons according to water temper-
ature and prey availability. Several species form schools, par-
ticularly at night; schooling adults may show leaping behavior,
especially during the evening.
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Feeding ecology and diet

Mullet fry are planktivorous; larger specimens browse on sub-
merged surfaces and use their pharyngobranchial organ to filter
particulate material, microalgae, microorganisms, and small in-
vertebrates, such as polychaetes, crustaceans, and mollusks. Mul-
lets are subject to predation from larger fishes (e.g., drums and
basses), crocodiles, birds (in particular, pelicans), and various
aquatic mammals such as seals, sea lions, and dolphins. They are
also hunted by humans.

Reproductive biology

Coastal species typically spawn in shallow open areas or
offshore, forming large schools before moving out to the
spawning grounds. Freshwater species possibly move down-
stream to spawn in brackish waters; alternatively they might
spawn upstream, and the fry are swept downstream for a short
period before subsequently migrating back upriver.

Conservation status

One nominal species, Liza luciae, known only from the
Saint Lucia estuary, Natal, is considered Endangered accord-
ing to the 2002 TUCN Red List. A taxonomic revision in 1997
included Liza luciae as conspecific with the more widespread
Liza melinoptera.

Significance to humans

Mullets are important food fishes, caught in subsistence
and commercial fisheries, and are used in aquaculture in many
parts of the world. Food and Agriculture Organization (FAO)
statistics give the global commercial capture of mullets for
2000 as 409,892 metric tons (26% from China). Global aqua-
culture of mullets in 2000 was 100,091 metric tons (80% com-
ing from Egypt), with a value of almost $333.4 million dollars.
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1. Large-scale mullet (Liza grandisquamis); 2. Shark mullet (Rhinomugil nasutus); 3. Flathead mullet (Mugil cephalus); 4. Mountain mullet (Agonos-
tomus monticola). (lllustration by Barbara Duperron)
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Species accounts

Mountain mullet HABITAT
Agonostomus monticola Freshwaters of fast-flowing hill streams.
BEHAVIOR
FAMILY Little is known.
Mugilidae
FEEDING ECOLOGY AND DIET
TAXONOMY ) ) Diet varies seasonally. Omnivorous, feeding mainly on insects,
Mugil monticola Bancroft, 1834, Jamaica. Agonostomus monticola prawns, fruits, and algae.
is morphologically variable. Several different species have been
recognized from Central America and the West Indies, but a REPRODUCTIVE BIOLOGY ) .
review in 1997 listed them as conspecific. Adults may spawn in the lower reaches of rivers or in the sea.
Spawning apparently correlates with peak rainfall. Larvae and
OTHER COMMON NAMES juvenile fish spend perhaps six weeks at sea before migrating
French: Mulet de fleuve; Spanish: Lisa de rio, tepemechin. back upstream.
PHYSICAL CHARACTERISTICS CONSERVATION STATUS
Grows to 14.2 in (36 cm) in total length. Dorsal surface of head Not threatened.
is convex between the eyes. Teeth are small and attached di- SIGNIFICANCE TO HUMANS
rectly to the 13Wb0¥1€5- Pharyngobranchial organ is rud}mentary. There are small commercial and subsistence fisheries in the
There are 16-23 gill rakers on the lower part of first gill arch. West Indies and Central America. ¢

Anal fin has two spines and 10 soft rays in adults. There are
38-46 scales in a longitudinal series along the flanks. Body is
brownish, sometimes with a silvery band on the flanks from the - -
pectoral to the caudal fin. Dorsal, anal, and caudal fins are dusky Frmgellp mullet

yellowish; there is a dark spot at the base of the caudal fin. Crenimugil crenilabis

DISTRIBUTION FAMILY

Rivers of the West Indies, Central America, Colombia, Mugilidae

Yenem}llela,. and t}EeF IGa.lzpago; Elar}ds. Occasionally reported TAXONOMY

rom the rivers o Hlorida and Lowisiana. Mugil crenilabis Forsskal, 1775, Red Sea.

Agonostomus monticola

Crenimugil crenilabis
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OTHER COMMON NAMES
French: Mulet boxeur; Spanish: Lisa labride.

PHYSICAL CHARACTERISTICS

Commonly reaches 10.2 in (26 cm) in standard length but may
reach 19.7 in (50 cm). The upper lip is very thick, with up to 10
rows of small papillae in fish larger than 2.4 in (6 cm). There are
no teeth on the lips. The anal fin has three spines and usually
nine soft rays in adults. There are 36-42 scales in a longitudinal
series along the flanks. Body is olive-green dorsally and silvery on
the flanks and abdomen. Pectoral fins are yellowish, with a dis-
tinct dark purplish spot at the upper part of the fin base.

DISTRIBUTION
Indo-Pacific, from the Red Sea to Polynesia.

HABITAT
In shallow waters (up to 65.6 ft, or 20 m) of lagoons with
sandy and muddy bottoms, reef flats, tide pools, and harbors.

BEHAVIOR
Little is known.

FEEDING ECOLOGY AND DIET
Larvae and juveniles probably feed on plankton. Adults proba-
bly feed on particulate organic material, algae, and invertebrates.

REPRODUCTIVE BIOLOGY
Adult fish form schools in shallow waters around lagoons be-
fore spawning.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Small commercial and subsistence fisheries, particularly in
Polynesia; some aquaculture. 4

Order: Mugiliformes

Large-scale mullet
Liza grandisquamis

FAMILY
Mugilidae

TAXONOMY
Mugil grandisquamis Valenciennes, 1836, Gorée, Senegal.

OTHER COMMON NAMES
French: Mulet écailleux; Spanish: Liza escamuda.

PHYSICAL CHARACTERISTICS

Commonly reaches 9.8 in (25 cm) in standard length but may
reach up to 15.7 in (40 cm) in fork length. Teeth on both lips
are absent or are very small, well spaced, and positioned in a
single row on the upper lip, or rarely, in two rows. The anal
fin has three spines and nine soft rays in adults. There are
26-30 scales in a longitudinal series along the flanks. Body is
darkish dorsally and slightly paler and silvery laterally and ven-
trally. The anal fin and lower lobe of the caudal fin may be
yellowish.

DISTRIBUTION
West Africa from Senegal to the Republic of Congo.

HABITAT
Usually found in brackish waters covering muddy substrates,
such as mangroves, creeks, estuaries, and inundated mudflats.

BEHAVIOR
Little is known.

FEEDING ECOLOGY AND DIET
Adults feed in schools, mostly at night, on particulate organic
matter, mud, diatoms, algae, microarthropods, foraminiferans,

Mugil cephalus

Liza grandisquamis
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and free-living nematodes. During the wet season fish take a
greater proportion of fine organic material than coarser sands,
because increased rainfall brings more fine allochthonous ma-
terial into rivers and “washes” the sand sediments free of fine
food material.

REPRODUCTIVE BIOLOGY

Populations from the Ebrie lagoon, Ivory Coast, do not show a
seasonal spawning cycle; spawning occurs principally in the la-
goon but also may occur in the sea.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Small commercial and subsistence fisheries. A potendally im-
portant species for aquaculture. ¢

Flathead mullet
Mugil cephalus

FAMILY
Mugilidae

TAXONOMY

Mugil cephalus Linnaeus, 1758, European seas. It has been sug-
gested that several species, initially distinguished by slight dif-
ferences in morphological features, fin ray counts, dentition,
and fin coloration, are synonymous with Mugil cephalus. Some
authors have indicated that the concept of Mugil cephalus as a
widespread, polymorphic species may be incorrect. According
to comparative analyses of the morphometrics, isozymes, and
mitochondrial DNA of populations of Mugil cephalus from
around the world, however, the variation between populations
is not large enough to indicate definitively that they are differ-
entiated species.

OTHER COMMON NAMES
English: Striped mullet, black mullet; French: Mulet cabot;
Spanish: Lisa pardete.

PHYSICAL CHARACTERISTICS

Commonly reaches 13.8 in (35 cm) in total length but may
reach 47.2 in (120 cm) in standard length. Adipose tissue cov-
ers most of the eye. There are several rows of very small uni-
cuspid and bicuspid teeth on the edges of the lips. Anal fin has
three spines and eight soft rays in adults. There are 36-44
scales in a longitudinal series along the flanks. Body is olive-
green dorsally and silvery on the flanks and abdomen, with
about seven longitudinal dark stripes along the flanks. The
pelvic fin, anal fin, and lower lobe of the caudal fin are yellow-
ish in some populations.

DISTRIBUTION

Worldwide in tropical, subtropical, and warm temperate waters
from 42° S latitude to almost 51° N latitude; less abundant in
the tropics.

HABITAT

Tolerant of salinity levels from zero to 81 parts per thousand
(freshwater to hypersaline) and temperatures from 41°F (5°C)
to 98.6°F (37°C). Inhabits inshore marine waters, estuaries, la-
goons, and rivers, usually in shallow waters, and rarely moving
deeper than 656 ft (200 m). Adults may move far upriver.

BEHAVIOR
The adults form schools and sometimes jump.
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FEEDING ECOLOGY AND DIET

Larvae and juveniles feed on plankton. Adults feed on particu-
late organic material, algae, and invertebrates. Fish may gulp
and filter sediment, browse over submerged surfaces, or feed at
the surface.

REPRODUCTIVE BIOLOGY

Adult fish move offshore in shoals to spawn, usually at night,
before returning to inshore brackish waters and freshwaters.
Fry and juveniles remain in sheltered bays, lagoons, and estuar-
ies until they are sexually mature.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS

Major commerical and subsistence fisheries in many parts of the
world. Food and Agriculture Organization (FAO) of the United
Nations statistics give the global commercial capture of flathead
mullets for 2000 as 29,335 metric tons (18% and 19% coming
from Mexico and Venezuela, respectively). Global aquaculture of
flathead mullets in 2000 was 89,078 metric tons (90% coming
from Egypt), with a value of almost $312.3 million dollars. &

Shark mullet

Rhbinomugil nasutus
FAMILY
Mugilidae

TAXONOMY
Mugil nasutus De Vis, 1883, Cardwell, Rockingham Bay,
Queensland, Australia.

OTHER COMMON NAMES
English: Mud mullet.

Rhinomugil nasutus

Grzimek’s Animal Life Encyclopedia



Vol. 5: Fishes Il

PHYSICAL CHARACTERISTICS

Reaches 12.6 in (32 cm) in fork length. The shark mullet looks
unlike other mullets, because the eyes are positioned high, to-
ward the top of the head, which is concave between the eyes.
Nostrils are placed low on the snout, which projects beyond
the upper lip. Teeth on both lips are small and spatulate. The
anal fin has three spines and eight soft rays in adults. There
are 28-30 scales in a longitudinal series along flanks. Body is
slate gray dorsally and silvery laterally and ventrally; the fins
are yellowish.

DISTRIBUTION
Tropical Australia and New Guinea.

HABITAT
Usually occurs in muddy freshwaters and coastal water habi-
tats, such as mangroves.

Order: Mugiliformes

BEHAVIOR

Swims in schools at the water surface, with the eyes and snout
exposed. Apparently capable of breathing air and wriggling for
short distances over mud banks.

FEEDING ECOLOGY AND DIET
Feeds on muddy substrates and may feed on algae and insects
at the water surface.

REPRODUCTIVE BIOLOGY
Little is known.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS

No reported fisheries data. Species of Rhinomugil (usually Rbi-
nomugil corsuln) are sold in the aquarium trade, because of their
similarity to species of four-eyed fish (Anableps).
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Atheriniformes
(Rainbowfishes and silversides)

Class Actinopterygii
Order Atheriniformes
Number of families 8

Photo: A salmon rainbowfish (Glossolepis incisus).
(Photo by Tom McHugh/Photo Researchers, Inc.
Reproduced by permission.)

Evolution and systematics

The order Atheriniformes originally was conceived by
Donn Rosen in 1964 to include the exocoetoids (flying fishes
and allies), scomberesocoids (sauries), adrianichthyoids (rice-
fishes), cyprinodontoids (killifishes and allies), atherinoids
(silversides and allies), and phallostethoids (priapium fishes).
Today this disparate assemblage of fishes still is thought to
be a natural group, but it has been parceled into three orders.
Now called the Atherinomorpha, the group contains the
orders Cyprinodontiformes and Beloniformes (put together
as Division II atherinomorphs by Rosen and Parenti in
1981) and the Atheriniformes (Division I atherinomorphs
according to Rosen and Parenti). Characters of the testis,
egg, embryo, rostral cartilage and skull, and dorsal gill arch
skeleton, among others, unite the Atherinomorpha. This
chapter concerns the Atheriniformes, which at present in-
cludes the silversides, phallostethids, rainbowfishes, and re-
lated taxa.

At more than 50 million years old, fossils of the genus
Atherinidarum from the early Eocene of France are the old-
est known atheriniforms. Researchers disagree about the iden-
tity of the most basal atheriniform lineages and have variously
proposed both freshwater (bedotiids and melanotaeniids) and
partly or wholly marine (atherinopsids and notocheirids)
groups. Through the course of their evolution different
groups of atheriniforms have repeatedly breached the marine-
freshwater barrier. Such an ability to colonize patchily dis-
tributed freshwater habitats has fostered speciation within the
order, especially in the Americas and Australia. At present
there are about 315 species and 49 genera of atheriniforms
known to science.

Ichthyologists disagree on whether the Atheriniformes are
a monophyletic group, descended from a single branch on the
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atherinomorph tree, or a hodgepodge of lineages on multiple
branches that are associated closely with the Cyprinodonti-
formes and Beloniformes (which are considered sister groups).
Even the number and constitution of families is in dispute: re-
cent classifications have cited from six to ten families. In light
of the disagreement in the literature, this treatment follows
Joseph Nelson’s book Fishes of the World, in which eight fam-
ilies are recognized within the order: Bedotiidae (Malagasy
rainbowfishes), Melanotaeniidae (rainbowfishes), Pseudo-
mugilidae (blue-eyes), Telmatherinidae (Sulawesi rainbows),
Atherinidae (silversides), Notocheiridae (surf silversides),
Dentatherinidae (pygmy or tusked silverside), and Phal-
lostethidae (priapium fishes).

In 1996, the most recent treatment of the issue, Dyer and
Chernoff marshaled 10 morphological characters supporting
the Atheriniformes as a monophyletic, or natural, group. In
addition, they proposed a new classification for the order, in
which the number of families was reduced to six. Familial al-
locations within this new classification are in stark contrast to
Nelson’s scheme. Differences include an expansion of the
family Melanotaeniidae to subsume the families Bedotiidae,
Pseudomugilidae, and Telmatherinidae; an expansion of the
family Phallostethidae to include Dentatherinidae; and an el-
evation of the Old World silverside genus Atherion to family
status (Atherionidae). Furthermore, in agreement with a 1994
article by Saeed and collaborators, the New World silverside
subfamilies Menidiinae and Atherinopsinae are shunted from
the family Atherinidae into their own family, Atherinopsidae.
Dyer and Chernoff’'s morphology-based hypothesis awaits
further testing, especially using DNA sequence data. It is too
soon to say whether their proposal will gain wide acceptance.
Certainly, though, theirs will not be the last word on atherini-
form relationships.

67



Order: Atheriniformes

A school of silversides (Atherinidae), near Thailand. (Photo by Animals
Animals ©Joyce & Frank Burek. Reproduced by permission.)

Physical characteristics

A reasonable degree of morphological diversity is found
among the Atheriniformes, and, in particular, phallostethids
exhibit a form that is unique among all fishes. The typical sil-
verside generally is elongate and laterally compressed, with
two dorsal fins, a single anal fin spine, usually cycloid scales,
and no lateral line. Most are silvery in color and have a promi-
nent mid-lateral stripe along each side of the body. Melano-
taeniids are constructed similarly but often are deeper bodied
and have sexually dimorphic color patterns. Male rainbow-
fishes frequently are brilliantly colored, with complex pat-
terns, in various shades of red, yellow, orange, blue, and green.
In telmatherinids, as well as some pseudomugilids and melan-
otaeniids, the anal and dorsal fins sometimes are elongated
into filamentous extensions or elaborate fanlike shapes.

Most noteworthy among atheriniforms, however, are the
extraordinarily modified phallostethids (priapium fishes). In
both male and female phallostethids, the anal and genital
openings are shifted anteriorly and are located under the
throat. Males have an elaborate, bilaterally asymmetric cop-
ulatory structure under the head, called a priapium, for which
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no parallel exists among other fishes. A suspensory compo-
nent of the priapium is made up of modified anterior pleural
ribs and pelvic bones. Emerging from the posterior end of
the priapium and arching forward almost the entire length of
the head are the ctenactinia—elongate, curved bones used for
clasping the female during mating. In different species, the
anus is offset to one or the other side of the priapium, and
the seminal papilla is offset opposite the anus. Both open an-
teriorly. The seminal papilla, which is elaborated into a cop-
ulatory organ in some species, is used to transfer bundles of
sperm to the female.

Distribution

The Atheriniformes are distributed in mainly coastal areas
of tropical and temperate seas throughout the world and also
occur in freshwater lakes and streams in many regions.
Largely or entirely marine atheriniform families include the
Atherinidae, Notocheiridae, and Dentatherinidae. Atherinids
occur worldwide in near-shore marine environments and in
freshwaters of primarily the Americas and Australia. Mem-
bers of the atherinid subfamily Menidiinae show a propensity
for invasion of freshwater habitats from coastal marine envi-
ronments. In the lakes and streams of the Mesa Central of
southern Mexico, freshwater menidiines have diversified into
a species flock of 20 or so closely related species with ex-
ceedingly circumscribed ranges (many are found in only a sin-
gle lake). Notocheirids are exclusively marine: five species of
the genus Iso are distributed along the coasts of South Africa,
India, Japan, Australia, and Hawaii, and the species Nozocheirus
hubbsi is found only along the coast of Chile. Finally, the fam-
ily Dentatherinidae consists of but a single species, Dentathe-
rina merceri, from the inshore seas of the Philippines, New
Guinea, and northeastern Australia.

All of the remaining atheriniform families are predomi-
nantly freshwater and are wholly restricted to Australia and
the Indo-Pacific region, except for the Bedotiidae from the
freshwaters of Madagascar. Rainbowfishes of the family
Melanotaeniidae are abundant in New Guinea at elevations
below 5,249 ft (1,600 m) as well as on numerous islands to the
west of New Guinea. Additionally, they are found in Australia,
mostly in river drainages in the northern and eastern regions
of the continent. Pseudomugilids, from New Guinea, Aus-
tralia, and Indonesia, and telmatherinids, from Sulawesi and
Indonesia, can be found in fresh, brackish, and marine waters.
Likewise, phallostethids occur in freshwaters and estuaries of
the Southeast Asian mainland, the Philippines, and Sulawesi.

Habitat

Atheriniform habitats are as diverse as the fishes them-
selves. From the crashing surf zone of a Pacific island, where
one might observe the silvery flashes of a school of Iso, to the
still depths of a rainforest pool in New Guinea, where shoal-
ing rainbowfishes dominate, atheriniforms have adapted to a
range of aquatic conditions. Marine silversides can be found
in almost all nonpolar, shallow marine habitats, including
reefs, estuaries, and lagoons, and in the surf along beaches.
Only a few species live in the open water. Freshwater atherini-
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Boeseman'’s rainbowfish (Melanotaenia boesemani) are found in New
Guinea. Photo by Animals Animals ©M. Gibbs, OSF. Reproduced by
permission.)

forms occur in a variety of temperate and tropical lakes and
streams, including spring-fed desert waterholes in Australia
and mountain lakes in Patagonia.

Behavior

Atheriniforms are gregarious fishes that form schools of
various sizes. Some marine silversides aggregate into enor-
mous schools—numbering in the thousands—which cruise
just below the surface, continually feeding on plankton. For
instance, Atherinomorus capricornensis has been observed
forming schools more than 328 ft (100 m) long and 65.6 ft
(20 m) wide. At night silversides are attracted to bright lights
and are caught easily by fishermen for use as bait. Some of
the most interesting types of behavior found in atherini-
forms, however, relate to reproduction.

Feeding ecology and diet

In general, atheriniforms are omnivorous, sometimes feed-
ing on algae but depending more heavily on the most abun-
dant forms of invertebrate protein in their respective habitats.
For marine species, this means a heavy reliance on minute
crustaceans and other forms of zooplankton. Fish larvae also
are eaten by some species. In freshwaters, terrestrial insects
often represent a significant portion of the diet. This is cer-
tainly true for the melanotaeniid rainbowfishes, which have a
special preference for ants. In addition, freshwater atherini-
forms feed on aquatic insects, zooplankton, and algae. Atherini-
forms themselves are preyed upon by birds, mammals, and
larger fishes, among other organisms. Marine silversides, in
particular, which often aggregate in large schools, are sought
after by larger fishes of commercial importance.

Reproductive biology

Peculiar reproductive repertoires are numerous within the
atheriniformes. Large eggs with adhesive filaments are char-
acteristic of the group; the filaments are used to anchor the
eggs to aquatic plants or other forms of substrate. Among the
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rainbowfishes, spawning occurs day after day for an extended
period, each day of which the female attaches a small num-
ber of thread-bearing eggs, fertilized externally by the male,
to underwater plants. Eggs typically hatch in seven to 18 days.
Atheriniform larvae generally are large (0.16-0.35 in; 4-9
mm) at hatching, and although they still possess a yolk sac,
they have open mouths and can begin feeding immediately.

A truly exceptional reproductive strategy has evolved in
grunion (two species of atherinids). Leuresthes tenuis and L. sar-
dina both time their spawning to take advantage of tidal effects.
Grunion spawn during periods of only a few hours on only six
nights a month, when tides are highest around the times of the
full and new moons (semilunar tides). The fishes ride in with
large waves and are left stranded on the sand as the water re-
cedes. Once on the beach, the female burrows into the sand
with her tail to lay the eggs, and an accompanying male de-
posits his milt simultaneously. The fertilized eggs are left buried
in the sand a few inches below the surface; they hatch in about
two weeks, when semilunar high tides return to uncover them.
Possible advantages for the eggs are decreased predation and
increased oxygen levels and incubation temperature.
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Grunion emerge from the surf to spawn on the beach, laying their eggs
soon after the full moon. (lllustration by Patricia Ferrer)
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Phallostethids mating; male restrains female with anteriorly situated priapium—a mating organ. (lllustration by Patricia Ferrer)

Male phallostethids, with their bizarre gripping structures
(described earlier), ram females, and the two become locked
together physically by the priapium during copulation. Fran-
tic bursts of swimming are required for the pair to disengage.
Further description of this behavior is provided in the species
account of Neostethis bicornis.

In a lineage of Menidia, sexual reproduction has been for-
gone entirely. The Menidia clarkbubbsi species complex from
the Gulf of Mexico is made up of unisexual clonal lineages
thought to be the result of hybridization events between
M. beryllina and an as yet undetermined species, similar to
M. peninsulae. The unisexuals produce eggs with a complete
chromosomal complement that do not require fertilization
but must still rely on sperm supplied by one of the bisexual
species to stimulate embryo formation. Spawning itself is sim-
ple in Menidia. A single female—attended by several males—
deposits eggs in aquatic vegetation, and the males leave milg;
no courtship has been observed.
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Conservation status

While no atheriniforms are listed by CITES, 79 species
presently are included on the IUCN Red List. Of those, 28
species are listed as Data Deficient, 8 species are listed as
Lower Risk/Near Threatened, and 31 species (most of which
are rainbowfishes) are listed as Vulnerable. Five species are
Endangered: Poblana letholepis and Poblana squamata from
Mexico, Craterocephalus fluviatilis and Pseudomugil mellis from
Australia, and Melanotaenia boesernani from New Guinea. Six
species are considered Critically Endangered: Chilatherina
sentaniensis from Irian Jaya, Glossolepis wanamensis and Kiunga
ballochi from Papua New Guinea, Poblana alchichica from Mex-
ico, Rhbeocles wrightae from Madagascar, and Scaturiginichthys
vermeilipinnis from Australia. A single atheriniform, Rbeocles
sikorae from Madagascar, is believed to be Extinct.

A common trend holds true for the threatened atherini-
forms: they are restricted to circumscribed freshwater habi-
tats. Such habitats are particularly vulnerable. Water quality
often is threatened by pollutants, including nutrients, which
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are the byproducts of such human activities as deforestation,
mining, and waste disposal. Introduced fish species pose an-
other serious problem; they can be detrimental to native fish
populations both as resource competitors and as predators. In
the United States—where freshwater atheriniforms are few—
there are no atheriniforms listed as Endangered by the U. S.
Fish and Wildlife Service. Only one species, Menidia extensa
(the waccamaw silverside) from North Carolina, is listed as
Threatened.

Significance to humans

Because of their small size, most atheriniforms are not
sought as sources of food for humans, though there are ex-
ceptions to this rule. For instance, some large piscivorous
Odontesthes species support thriving fisheries in lakes and
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reservoirs in Peru, Argentina, Chile, and southern Brazil. Ma-
rine silversides are indirectly important to commercial fish-
eries, in that they are an significant food source for many
larger fish species that are valued as food fishes. When they
are directly fished, small silversides typically are used as bait
or converted into pet food.

In contrast, the freshwater rainbowfishes, owing to their
extraordinary diversity of colors, are valued highly in the
aquarium trade. At present, most of the rainbowfishes sold in
pet stores are captive bred, but in the recent past some species
were fished heavily to satisfy the demands of mostly Euro-
pean and American aquarists. Indeed, consider the case of the
Boeseman’s rainbow (see species account), which is consid-
ered Endangered. During the 1980s, when the fishery was un-
restricted, tens of thousands of individuals were being
removed from the wild each month for export.
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1. Celebes rainbowfish (Marosatherina ladigesi); 2. Boeseman’s rainbowfish (Melanotaenia boesemani); 3. Rheocles derhami; 4. Eendracht land
silverside (Atherinomorus endrachtensis); 5. Flower of the wave (Iso rhothophilus); 6. Neostethus bicornis; 7. Inland silverside (Menidia beryllina);
8. California grunion (Leuresthes tenuis). (lllustration by Patricia Ferrer and Michelle Meneghini)
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Species

Eendracht land silverside
Atherinomorus endrachtensis

FAMILY
Atherinidae

TAXONOMY

Atherina endrachtensis Quoy and Gaimard, 1825, Shark Bay,
Western Australia. Type locality probably is given in error;
more likely, it is New Guinea or Waigeo Island.

OTHER COMMON NAMES
English: Endracht hardyhead, striped hardyhead, striped silver-
side; Misima-Paneati: Galgal.

PHYSICAL CHARACTERISTICS

Maximum length about 3.3 in (8.5 cm). Elongate, with typical
silverside shape. Moderately deep body. Large eyes and silvery
midlateral band. Swim bladder visible through translucent
flesh.

DISTRIBUTION
Northern Australian coast, Vanuatu, Papua New Guinea, Ad-
miralty Islands, New Britain, Solomon Islands, New Caledonia.

HABITAT
Found in shallow coastal waters.

BEHAVIOR
Often schools with other silverside species.

FEEDING ECOLOGY AND DIET
Feeds on zooplankton.

Iso rhothophilus

Atherinomorus endrachtensis

Order: Atheriniformes

accounts

REPRODUCTIVE BIOLOGY
Spawning behavior unknown.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
None known. &

California grunion
Leuresthes tenuis

FAMILY
Atherinidae

TAXONOMY
Atherinopsis tenuis Ayres, 1860, San Francisco, California,
United States.

OTHER COMMON NAMES
French: Capucette californienne; Spanish: Pejerrey californi-
ano.

PHYSICAL CHARACTERISTICS

Grows to 7.5 in (19.0 cm) maximum length. An elongate sil-
verside with a prominent silvery lateral band and bluish green
coloration on the back.

DISTRIBUTION
Monterey Bay, California, to the southern Baja Peninsula.

HABITAT
Coastal marine waters.

Leuresthes tenuis
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BEHAVIOR
Known for its peculiar spawning behavior. When grunion
emerge from the surf to spawn on beaches, they can be col-

lected by hand.

FEEDING ECOLOGY AND DIET
Feeds on zooplankton.

REPRODUCTIVE BIOLOGY

Spawns en masse above the waterline on beaches during high-
est tides of the spring and summer months. Both males and fe-
males ride in with large waves and are left exposed on the sand
when the water recedes. Females burrow tail first into the sand
to deposit their eggs, and attending males fertilize the eggs as
they are released. After spawning, adults return to the sea.
They are capable of spawning numerous times. The eggs hatch
in about two weeks, upon being agitated by another high tide.
Buried grunion eggs provide food for shore birds, crabs,
isopods, and beetles.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Collected by hand during spawning runs.

Inland silverside
Menidia beryllina

FAMILY
Atherinidae

TAXONOMY
Chirostoma beryllinum Cope, 1867, Potomac River, opposite
Washington, D.C., at Jackson City, Virginia, United States.

OTHER COMMON NAMES
None known.

Menidia beryllina
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PHYSICAL CHARACTERISTICS

Maximum length of 5.9 in (15.0 cm). Elongate, slender silver-

side with a fairly compressed body. Silvery lateral band, with a
dark line above. Greenish dorsally and whitish ventrally. Scales
are smooth to the touch.

DISTRIBUTION
Along the coast of North America from Massachusetts to
northern Mexico.

HABITAT

Coastal waters as well as freshwater rivers and streams. Ascends
streams and can live entirely in freshwater. Prefers sandy sub-
strate.

BEHAVIOR
Schooling fish that can make the transition between freshwater
and saltwater.

FEEDING ECOLOGY AND DIET
Feeds on zooplankton.

REPRODUCTIVE BIOLOGY
Spawns in the spring and summer months.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Some populations have been established in freshwater im-
poundments to provide food for sport fishers. ¢

No common name
Rbeocles derbami

FAMILY
Bedotiidae

TAXONOMY
Rbeocles derbami Stiassny and Rodriguez, 2001, Ambomboa
River, Madagascar.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Grows to 1.97 in (5 ¢cm) maximum length. Small, moderately
deep-bodied fish with relatively large scales. Scales are absent
from the nape, chest, and belly. Before spawning, males be-
come darker in color, with blackish blue on the fins and or-
ange-red around the throat; otherwise both males and females
are a drab grayish tan. Males have long, filamentous second
dorsal, anal, and pectoral fins; this sexual dimorphism is unique
within the genus.

DISTRIBUTION
Sofia River drainage in northern Madagascar. Known from the

Mangarahara River and one of its tributaries, the Ambomboa
River.

HABITAT
Pools in clear streams.

BEHAVIOR
Little is known.

FEEDING ECOLOGY AND DIET
Appears to feed almost exclusively on terrestrial insects.
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Rheocles derhami

REPRODUCTIVE BIOLOGY
Sexually dimorphic. Spawning behavior is unknown.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
None known. ¢

Boeseman’s rainbowfish
Melanotaenia boesemani

FAMILY
Melanotaeniidae

TAXONOMY
Melanotaenia boesemani Allen and Cross, 1980, Ajamaru Lakes,
Vogelkop Peninsula, Irian Jaya, Indonesia.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Attains 4.5 in (11.5 c¢m) in maximum length. Laterally com-
pressed and deep bodied, with the head tapering to a point. A
striking fish, with blue-gray coloration on the front half of the
body and brilliant orange on the back half. Dorsal fins have a
white margin.

DISTRIBUTION
Ajamaru Lakes region of Vogelkop Peninsula, New Guinea.

HABITAT
Clear lakes and streams.

BEHAVIOR
Shoaling fishes that feed on insects at the surface.
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Neostethus bicornis
Marosatherina ladigesi

Melanotaenia boesemani

FEEDING ECOLOGY AND DIET
Omnivorous; prefers terrestrial insects but also feeds on
aquatic insects, zooplankton, and algae.

REPRODUCTIVE BIOLOGY

Easy to breed in captivity. Eggs are laid in aquatic plants, and
females produce 10-20 eggs per day, spawning daily for an ex-
tended period.

CONSERVATION STATUS
Listed as Endangered by the ITUCN.

SIGNIFICANCE TO HUMANS

Very popular in the aquarium trade. In the late 1980s, before
government restrictions on the fishery, 60,000 males a month
were being removed from the wild to be sold as aquarium fish.
While rainbows sometimes may be eaten, they are reportedly
bony and have a strong formic acid taste, owing perhaps to
their preference for ants as a source of food. ®

Flower of the wave
Iso rhothophilus

FAMILY
Notocheiridae

TAXONOMY
Tropidostethus rhothophilus Ogilby, 1895, Maroubra Bay,
N.S.W., Australia.

OTHER COMMON NAMES
English: Surf sardine; French: Surfette commune; Spanish:
Rompeolas.

PHYSICAL CHARACTERISTICS
Grows to 2.95 in (7.5 cm) maximum length. Small, laterally
compressed fish with a blunt head and a notch in the dorsal
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portion of the opercle. Body is deepest around the pectoral fin
base, strongly tapering posteriorly and with an abdominal keel.
Scales are small, deciduous, and absent anteriorly. Coloration
is translucent, with a wide, silvery midlateral band.

DISTRIBUTION
Known from eastern Australia and Taiwan, though likely found
throughout Indo-West Pacific.

HABITAT
Typically, rough surf along sandy or rocky coastline; infre-
quently in estuaries.

BEHAVIOR
Schools in highly oxygenated surf-zone regions around rocky
outcroppings or along beaches. Very delicate; does not survive

handling.

FEEDING ECOLOGY AND DIET
Likely feeds on zooplankton.

REPRODUCTIVE BIOLOGY
Little is known.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Rarely caught; not a fish of commercial importance. &

No common name
Neostethus bicornis

FAMILY
Phallostethidae

TAXONOMY
Neostethus bicornis Regan, 1916, Kuala Langat, peninsular
Malaysia.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Small, transparent fish, with urogenital and anal openings
placed far anteriorly. Dramatic sexual dimorphism. Males have
a complex, asymmetrical structure, the priapium, derived from
the pectoral and pelvic girdles and used in reproduction.

DISTRIBUTION

Peninsular Malaysia, Singapore, Thailand, Borneo, Palawan
(Philippines).

HABITAT

Fresh and brackish water.

BEHAVIOR
Forms small schools in shallow water near the shore.

FEEDING ECOLOGY AND DIET
Planktivorous.
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REPRODUCTIVE BIOLOGY

The male violently swims into the female and knocks her onto
her side, gripping her with his ctenactinia, two elongate bones
that are part of the priapium. He then attaches a bolus of
sperm over her oviduct and swims in rapid spirals and forward
bursts that may break the surface of the water, apparently in an
effort to break free from the female.

CONSERVATION STATUS
Not listed by the [IUCN.

SIGNIFICANCE TO HUMANS
None known. &

Celebes rainbowfish

Marosatherina ladigesi

FAMILY
Telmatherinidae

TAXONOMY
Telmatherina lndigesi Ahl, 1936, Makasar, Sulawesi, Indonesia.

OTHER COMMON NAMES
German: Celebes Sonnenstrahlfisch.

PHYSICAL CHARACTERISTICS

Attains maximum length of 3.1 in (8 cm). Laterally compressed
and translucent, with bluish midlateral band. Fins bordered in
yellow. Elongate second dorsal and anal fins.

DISTRIBUTION
Bantimurung area of south Sulawesi.

HABITAT
Lakes and streams in karst region.

BEHAVIOR
Peaceful community fish in the aquarium.

FEEDING ECOLOGY AND DIET
Omnivorous.

REPRODUCTIVE BIOLOGY

Eggs are attached by a thread to floating plants, in small num-
bers and over a period of several days. Spawning may last for
several months; eggs develop in eight to 11 days. Males behave
animatedly during courtship.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS
A popular aquarium species that is bred commercially in large
numbers in Southeast Asia. ¢
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Beloniformes
(Needlefishes and relatives)

Class Actinopterygii
Order Beloniformes
Number of families 5

Photo: A silver needlefish (Xenentodon cancila)
from Southeast Asia. (Photo by Mark Smith/Photo
Researchers, Inc. Reproduced by permission.)

Evolution and systematics

The Beloniformes is one of three orders within the series
Atherinomorpha. One of the other two orders, the Atherini-
formes, is thought by some ichthyologists to represent an
unnatural grouping of several lineages, while others consider
it monophyletic (a natural group). The other order, Cyprin-
odontiformes, is the sister-group of the Beloniformes, as
evidenced by numerous internal characters, including modi-
fications to the gill arches and the bones surrounding the eyes.
Both Cyprinodontiformes and Beloniformes are agreed to be
monophyletic. Beloniformes themselves are united by derived
internal characters of the gill arches rather than any conspic-
uous external morphological characters. Five families of fishes
make up the order Beloniformes: Adrianichthyidae (rice-
fishes), Belonidae (needlefishes), Scomberesocidae (sauries),
Exocoetidae (flyingfishes), and Hemiramphidae (halfbeaks).
Within these families are 38 genera and about 200 species,
51 of which are either brackish or freshwater, the remainder
of which are marine.

The earliest known fossil Beloniformes are just over 50
million years old, and come from two sites: the exocoetids
from Monte Bolca in Italy, and the hemiramphids from the
Selsey formation in England. Beloniformes are broadly di-
vided into two suborders, the Exocoetoidei (beaked forms:
belonids, scomberesocids, exocoetids, and hemiramphids) and
the Adrianichthyoidei (lacking a beak; adrianichthyids). Adri-
anichthyids were traditionally included within the Cyprino-
dontiformes until Rosen and Parenti argued for their
inclusion within the Beloniformes in 1981, based mainly on
characters of the gill arches and hyoid apparatus. Adri-
anichthyids are now considered to be the sister lineage to the
rest of the order, within which the sister groups Belonidae-
Scomberesocidae and Hemiramphidae-Exocoetidae have been
suggested.
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Contrary to this scheme, a study based on morphology and
molecules, published in 2000 by Lovejoy, places halfbeaks as
the ancestral form among the beaked beloniforms. In Love-
joy’s tree, some halfbeaks are most closely related to needle-
fishes and sauries, while the marine halftbeak Hemiramphus is
sister to flyingfishes. This result refutes an old hypothesis,
based on the observation that needlefishes pass through a half-
beak stage during their development, that halfbeaks derive
from needlefishes via truncation of the development sequence.

Physical characteristics

Beloniformes are typically elongate fishes, with dorsal and
anal fins situated posteriorly on the body and the lateral line
situated ventrally. Additional characteristics of the group in-
clude fusion of the toothed 5th ceratobranchials into a lower
pharyngeal jaw and an open nasal pit. Belonids, aptly called
needlefishes, are sleek and garlike piscivores, with very long
upper and lower jaws studded with sharp teeth. They can
achieve lengths of up to 3.3 ft (1 m). A small number of needle-
fishes have a reduced upper jaw, and like halfbeaks, feed on
plankton and insects. Scomberesocids, of which the largest are
about 1.65 ft (0.5 m) long, can be distinguished from belonids
by the five or six finlets behind their dorsal and anal fins. The
diminutive scomberesocid Cololabis adocetus, at 3 in (7.5 cm), is
the smallest fish in the surface waters of the open ocean.

In most species of hemiramphids, or halfbeaks, the lower
jaw is much longer than the upper. The front margin of the
upper jaw is triangular in shape, the scales are large and cy-
cloid, and fin spines are lacking. Exocoetids, the flyingfishes,
are torpedo shaped with greatly enlarged pectoral fins, and
the lower lobe of the caudal fin is stiffened and much larger
than the upper. Interestingly, the most primitive flyingfish
genera, Oxyporbamphus (once included with hemiramphids),
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The four-winged flyingfish, Cheilopogon pinnatibarbatus (family Exocoetidae), taxis by rapidly beating its caudal fin in the water. It then achieves
free flight, for a distance up to 160 ft (50 m). (lllustration by Emily Damstra)

Fodiator, and Parexocoetus, have elongate lower jaws reminis-
cent of halfbeaks. More derived flyingfishes have acquired
oversized pelvic fins in addition to large pectoral fins, and are
called four-wingers.

Adrianichthyids, the most basal among the Beloniformes,
are superficially unlike other members of the group. Most of
the species are in the genus Oryzias, and are small, relatively
deep-bodied fishes with large eyes, upturned mouths, and a
long anal fin base. Noteworthy in the family is the duckbilled
buntingi (Adrianichthys kruyti), which has a bill-shaped mouth
with the upper jaw overhanging the lower. Xenopoecilus species
also have a bill-shaped mouth, and the carry their eggs at the
base of the pelvic fins by way of filamentous attachments.

Distribution

Beloniformes are widely distributed in temperate and trop-
ical marine and fresh waters. Adrianichthyids are found in
Asian fresh and brackish waters from India to Japan, and in
the Indo-Australian archipelago. Belonids are found in the
open ocean in tropical and temperate seas worldwide, with
numerous species in the freshwaters of South America and
some in Asia. Like marine belonids, scomberesocids are
widely distributed in warmer waters of the open ocean. Exo-
coetids are found in warm waters of the Atlantic, Pacific, and
Indian Oceans. Hemiramphids have a similar distribution in
marine waters, but have also invaded freshwaters, especially
in the Indo-Australian region.

Habitat

Marine beloniforms can be found in the surface waters of
the open ocean, as well as in coastal habitats like estuaries and
mangrove swamps. Adrianichthyids, belonids, and hemiram-
phids can be found in a diversity of tropical freshwater habi-
tats, including lakes and rivers.

Behavior

One characteristic of many beloniforms is a strong attrac-
tion to lights at night. This behavior is exploited by fisher-
men, who use lights to capture schools of sauries that cruise
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just below the ocean surface. Such fishing methods, however,
involve a peculiar (although infrequent) hazard: impalement
by large needlefishes. In one documented case, a 3.3 ft (1 m)
long Tylosurus fatally impaled a fisherman after jumping to-
ward the light on board his canoe.

Certainly the most remarkable beloniform behavior is ex-
ocoetid flight. (It should be noted that flight is not entirely re-
stricted to exocoetids: Some hemirhamphids are capable of
gliding, and Euleptorbamphus viridis has been reported to travel
164 ft [50 m] in two jumps.) In the more derived four-winged
flyingfish species, flight is achieved as follows. The fish, swim-
ming at a speed of about 33 ft/s (10 m/s), breaks the surface
atan oblique angle and taxis for 16.4-82 ft (5-25 m) by rapidly
beating the caudal fin in the water. Then a free flight ensues,
which may span a distance of 164 ft (50 m) and reach a height
of 26.2 ft (8 m). Once the fish loses altitude, caudal fin taxi-
ing can be repeated without returning to the water, so that
flights can be stretched to distances of 1,312 ft (400 m). In-
triguingly, flyingfishes seem to sense wind direction and take
off into the wind, and tantalizing evidence suggests that they
can control the direction of flight; Cypsilurus appear to suc-
cessfully seek out patches of seaweed in which to land. So why
do flyingfishes fly? One of the most likely hypotheses is that

flight has evolved as a tactic for evading predators.

Feeding ecology and diet

Beloniformes utilize a relatively wide spectrum of foods.
Most impressive perhaps are the marine needlefishes, which
cruise through the surface waters of the open ocean devour-
ing small fishes. However, not all needlefishes are piscivores.
In the Amazon, many belonids feed heavily on zooplankton
or insects. Belonion apodion, which grows only to about 2 in (5
cm), is unusual in that it deftly snaps up individual rotifers,
which are less than 0.004 in (0.1 mm) long and usually pass
through the gill rakers of filter-feeding planktivorous fishes.
Potamorrbaphis, which prefers terrestrial insects (especially fly-
ing ants), hovers motionlessly and waits for prey to fall to the
surface alongside its body. Then it rapidly curls the body and
strikes at the prey from the side.

Freshwater halfbeaks also feed on terrestrial insects, and
some are particularly well suited to this mode of feeding.
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Members of the genus Hemirhamphodon are noteworthy for
having numerous anteriorly directed teeth on their lower jaws,
which ensnare ants and other insects found floating on the
surface. Marine halfbeaks, on the other hand, tend to feed on
algae, diatoms, and sea grasses, though some species eat small
fishes. Planktivorous marine beloniforms include the flying-
fishes and sauries. Ricefishes are omnivorous and will eat
plankton, small insects, detritus, and plant material.

Beloniformes themselves often fall prey to larger
fishes. Flyingfishes in particular are eaten by mackerel,
tuna, and marlin, among other predatory fishes, as well
as squids and birds.

Reproductive biology

Much of what is known about beloniform reproductive bi-
ology involves the eggs and larvae. Typically, eggs develop in
one to two weeks, and the larvae are immediately able to feed
upon hatching. Many pelagic beloniform eggs have filamen-
tous projections that cause them to stick to floating debris.
Needlefish eggs have tendrils that are particularly sticky, and
they form egg clusters that stick to other objects in the wa-
ter. Likewise, sauries produce filamentous eggs that float in
open water, but they are less adhesive than needlefish eggs.
Flyingfishes lay pelagic eggs that may or may not have fila-
ments, and some species attach their eggs to floating seaweed.
Marine halfbeaks lay eggs with tendrils that float about in
open water, but some freshwater representatives bear live
young, namely Dermogenys, Nomorbamphbus, and Hemirbam-
phodon. In these viviparous forms, long genital papillae are
used for internal fertilization, and the male anal fin is modi-
fied into an andropodium.

The adrianichthyid Horaichthys from India, uniquely
among atherinomorphs, produces encapsulated sperm bun-
dles, or spermatophores. In adrianichthyids other than
Oryzias, fertilization is apparently internal. The eggs of many
species of adrianichthyids are retained externally by the fe-
male for various lengths of time. Females of the species
Xenopoecilus oophorus, known as the egg-carrying buntingi,
carry a cluster of about 30 fertilized eggs attached by fila-
ments in an external concavity near the vent. The pelvic fins
cover and protect this egg mass.

Grzimek’s Animal Life Encyclopedia

Order: Beloniformes

Conservation status

No Beloniformes are CITES listed, or listed as endan-
gered by the U. S. Fish and Wildlife Service. However, 16
species are included on the IUCN Red List. Eight of those,
mostly Oryzias species, are categorized as Vulnerable, one
species is listed as Lower Risk/Near Threatened, and two
species are listed as Data Deficient. Three species are listed
as Endangered: Oryzias orthognathus, Xenopoecilus oophorus,
and Xenopoecilus sarasinorum. Listed as Critically Endangered
are Adrianichthys kruyti and Xenopoecilus poptae, both of which
are known only from Lake Poso, Sulawesi. Although no Be-
loniformes are formally listed as Extinct in the Wild by the
U. S. Fish and Wildlife Service or Extinct by the IUCN,
Adrianichthys kruyti is generally thought to be extinct. Pres-
sure from an introduced species of catfish, in addition to par-
asites that entered the lake with the catfish, are implicated in
the decline of the Lake Poso adrianichthyids.

Significance to humans

Many Beloniformes are fished at night using lights, and some
rather creative methods have been devised. Where flyingfishes are
abundant, fishermen that leave a light suspended all night over a ca-
noe partially filled with water can return in the morning to a boat full
of fresh fish. The fish are drawn to the light and jump into the ca-
noe, but have too little water to jump back out. Flyingfishes are also
attracted to leaves or straw scattered about the surface as a place to
lay their eggs, and can be fished by using such material.

Some Beloniformes are used by humans as more than just
food. Numerous freshwater species, including halfbeaks, rice-
fishes, and needlefishes, can be found in the aquarium trade.
In Thailand, the haltbeak, Dermogenys pusillus, is bred in cap-
tivity so that males, which will engage rivals by locking jaws,
can be used as fighting fish. Members of the genus Oryzias
are propagated in large numbers in captivity to be used in ex-
perimental research.

Finally, it should be mentioned that needlefishes can in
rare cases be traumatogenic, causing injury or death by means
of impalement. In one such case, a hapless surfer was killed
when the snout of a fast-swimming needlefish went through
his eye socket and into his brain.
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1. California flyingfish (Cheilopogon pinnatibarbatus californicus); 2. Japanese rice fish (Oryzias latipes); 3. Duckbilled buntingi (Adrianichthys
kruyti); 4. Californian needlefish (Strongylura exilis); 5. Atlantic saury (Scomberesox saurus saurus); 6. Blackbarred halfbeak (Hemiramphus far).
(Ilustration by Wendy Baker)
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Species

Japanese rice fish
Oryzias latipes

FAMILY
Adrianichthyidae

TAXONOMY
Poecilia latipes Temminck and Schlegel, 1846, Japan.

OTHER COMMON NAMES
English: Japanese medaka, tooth-carp; German: Japan-

Reiskirpfling; Cantonese: Fut mei dzeung ue; Japanese:
Medaka.

PHYSICAL CHARACTERISTICS

Maximum length 1.6 in (4 cm). Small and shallow bodied, with
upturned mouth and silvery olive coloration. No spines in dor-
sal or anal fins. Many strains of captive-raised Japanese rice
fish have been selectively bred for pale yellow color. Strains
that appear red or mottled black and gold have also been de-
veloped.

DISTRIBUTION
Japan, Korea, China, and Vietnam, as well as the great rivers
of Southeast Asia: the Mekong, Red, Irrawaddy, and Salween.

HABITAT
Calm stretches of streams, rice paddies, and wetlands.

BEHAVIOR
Forms schools, generally peaceful.

FEEDING ECOLOGY AND DIET
Feeds on zooplankton and insects, as well as some detritus and
plant material.

Oryzias latipes

Adrianichthys kruyti
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accounts

REPRODUCTIVE BIOLOGY

Fertilization is external, although the eggs are carried for a
short time, stuck to the female’s abdomen, prior to deposition.
Females can produce broods of 10-40 eggs every two days dur-
ing the breeding season. Eggs are slightly larger than 0.039 in
(1 mm) in diameter and usually hatch in 8-14 days.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Used widely in experimental research, also found in the aquar-
ium trade. &

Duckbilled buntingi
Adrianichthys kruyti

FAMILY
Adrianichthyidae

TAXONOMY
Adrianichthys kruyti Weber, 1913, Lake Poso, Sulawesi, In-
donesia.

OTHER COMMON NAMES
English: Duckbill Poso minnow; German: Entenschn-
abelkirpfling.

PHYSICAL CHARACTERISTICS

Maximum length about 4.3 in (11 cm). Large, horizontal,
duck-bill shaped mouth, with upper jaw overhanging lower;
eyes large, extend beyond dorsal head-profile when viewed
from side. Elongate, somewhat compressed.

DISTRIBUTION
Lake Poso, Sulawesi.

HABITAT
Deeper waters of Lake Poso.

BEHAVIOR
Unknown.

FEEDING ECOLOGY AND DIET
Unknown.

REPRODUCTIVE BIOLOGY
Unknown, though one specimen reported to be a hermaphro-
dite.

CONSERVATION STATUS
Listed as Critically Endangered on the IUCN Red List; Harri-
son and Stiassny (1999) think it possibly extinct.

SIGNIFICANCE TO HUMANS

Kottelat reported that the adrianichthyids he observed were
heavily parasitized by copepods; native fisherman say these par-
asites became a problem when Clarias was introduced into
Lake Poso in the early 1980s. Voracious snakeheads have also
been introduced into the lake, and may have led to the decline
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of the endemic fishes. He argues that the duckbilled buntingi
may not be extinct, but just no longer abundant enough for
fisherman to expend effort and so never observed. Whatever its
status, Adrianichthys kruyti is an example of an endemic species
important as a fishery declining dramatically following exotic
species introductions by humans.

Atlantic saury
Scomberesox saurus saurus

FAMILY
Scomberesocidae

TAXONOMY
Esox saurus Walbaum, 1792, Cornwall and British seas.

OTHER COMMON NAMES
English: Atlantic needlefish; French: Aiguille de mer; German:
Echsenhecht; Spanish: Alcrique.

PHYSICAL CHARACTERISTICS

Maximum length 19.7 in (50 cm). Elongate and needlefish-like,
but with toothless jaws and finlets following the dorsal and
anal fins.

DISTRIBUTION
Mediterranean, North Atlantic, rarely Iceland, Norway, Den-
mark.

HABITAT
Surface waters of the open ocean.
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BEHAVIOR

Schooling fishes that travel long distances through the open
ocean. Spawn in warmer waters, migrate to plankton-rich tem-
perate waters to feed. Leap out of the water when pursued by
predators.

FEEDING ECOLOGY AND DIET
Zooplankton and fish larvae.

REPRODUCTIVE BIOLOGY
External fertilization, eggs scattered in open water.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Said to have delicious flesh, but not abundant enough to sup-
port a large fishery. &

Californian needlefish
Strongylura exilis

FAMILY
Belonidae

TAXONOMY
Belone exilis Girard, 1854, San Diego, California.

OTHER COMMON NAMES
French: Aiguille de Californie; Spanish: Agujén bravo de Cali-
fornia.

Hemiramphus far

Scomberesox saurus saurus
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Strongylura exilis

Cheilopogon pinnatibarbatus californicus

PHYSICAL CHARACTERISTICS

Maximum length 35.8 in (91 cm). Very elongate, with long
snout and sharp teeth. Emarginate caudal fin, no dorsal or anal
fin spines.

DISTRIBUTION
Coastally from San Francisco to Peru; also in the Galdpagos.

HABITAT
Lagoons, harbors, and coastal areas. Frequents mangroves and
enters freshwaters.

BEHAVIOR
Sometimes schools in large numbers, leaps out of the water
when threatened.

FEEDING ECOLOGY AND DIET
Feeds on small fishes.

REPRODUCTIVE BIOLOGY

Eggs are attached to floating vegetation by means of long fila-
ments; larvae drift in surface waters. The eggs are approxi-
mately 0.14 in (3.5 mm) in diameter and hatch in about two
weeks. Larvae are 0.35-0.47 in (9-12 mm) at hatching.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Sold fresh in fish markets. In very rare cases, may cause injury
or death by impalement. ¢
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Blackbarred halfbeak

Hemiramphus far

FAMILY
Hemiramphidae

TAXONOMY
Esox far Forsskil, 1775, Luhaiya, Yemen, Red Sea.

OTHER COMMON NAMES
English: Blackbarred garfish; French: Aiguillette, demi-bec
bagnard.

PHYSICAL CHARACTERISTICS

Maximum length 17.7 in (45 cm). Lower jaw beaklike and dra-
matically longer than upper jaw; color is bluish dorsally and
silvery on sides, with three to nine vertical bars. Dorsal and
anal fins posteriorly situated, lower lobe of caudal fin longer
than upper.

DISTRIBUTION

Indo-West Pacific: Red Sea and East Africa to Samoa, from
northern Australia and New Caledonia to the Ryukyu Islands.
Has entered the eastern Mediterranean through the Suez Canal.

HABITAT
Marine; near vegetation in coastal areas.

BEHAVIOR
Forms schools.

FEEDING ECOLOGY AND DIET
Feeds mostly on sea grasses, in addition to green algae and di-
atoms.

REPRODUCTIVE BIOLOGY
Spawns in estuaries.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Commercially fished, said to have good-tasting flesh, some-
times used as bait. ¢

California flyingfish

Cheilopogon pinnatibarbatus californicus

FAMILY
Exocoetidae

TAXONOMY
Exocoetus californicus Cooper, 1863, Santa Catalina Island, Cali-
fornia.

OTHER COMMON NAMES
French: Exocet californien; Spanish: Volador de California.

PHYSICAL CHARACTERISTICS

Maximum length 15 in (38 cm). One of the “four-winged” fly-
ingfishes; both pectoral and pelvic fins are enlarged. Lower
lobe of caudal fin is also considerably larger than the upper.
Bluish gray dorsally, silver ventrally.

DISTRIBUTION
Oregon to southern Baja California.
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HABITAT
Surface waters of the open ocean.

BEHAVIOR

Schooling fishes, capable of leaping out of the water and glid-
ing for long distances, possibly as a means of evading preda-
tors.

FEEDING ECOLOGY AND DIET
Zooplankton and small fishes.
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REPRODUCTIVE BIOLOGY

Spawns in the summer months. Eggs are pelagic, and stick to
floating seaweed and other debris. The eggs are approximately
0.07 in (1.8 mm) in diameter. Larvae are roughly 0.17 in (4.5
mm) long at hatching.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Occasionally used as bait. ¢
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Cyprinodontiformes
(Killifishes and live-bearers)

Class Actinopterygii
Order Cyprinodontiformes
Number of families 9

Photo: A male blue platy (Xiphophorus maculatus)
from Central America. (Photo by Mark Smith/Photo
Researchers, Inc. Reproduced by permission.)

Evolution and systematics

As early as 1828 Wagner recognized a suprageneric cate-
gory for the group known to us today as the Cyprinodontif-
ormes. In 1835 Agassiz erected the Cyprinodontes as the
family containing the genera Cyprinodon, Lebias, Molinesia
(correctly spelled Mollienesia), Poecilia, and Anableps. By 1883
the term Cyprinodontidae was in general use for 30 genera
and 130 species, as reflected in the work of Jordan and Gilbert.
In his classic work The Cyprinodonts, published in 1895, Gar-
man arranged the many genera of the Cyprinodontes into
eight subfamilies, and while he erroneously included the
characin genus Neolebias and the cyprinid genus Fundulichthys,
his systematic view of the constituents of the Cyprinodontif-
ormes is about the same today. This is reflected in the work
of Berg, who formally erected the group as the order Cyprin-
odontiformes in 1940.

In 1964 Rosen placed the Cyprinodontiformes in the su-
perfamily Cyprinodontoidea in the order Atheriniformes. As
of 2002 the Cyprinodontiformes were considered a natural
group (i.e., a monophyletic group) most closely related to the
Beloniformes, the order containing halfbeaks, medakas,
needlefishes, sauries, and flyingfishes. Rosen took Garman’s
eight subfamilies and ordered them into five families, the
Cyprinodontidae for all the oviparous genera, the Anablepi-
dae for the viviparous genus Anableps, the Jenynsiidae for the
viviparous genus fenynsia, the Goodeidae for the genera of
the viviparous splitfins, and the Poeciliidae for the viviparous
genera with gonopodium. In 1924 Hubbs had argued for the
placement of Anableps and Fenynsia into the family Anablepi-
dae, a view not adopted by Rosen. The five families of Rosen
correspond today to the order Cyprinodontiformes. In
Rosen’s work there was a clearly defined family-level separa-
tion of the lineages into viviparous and oviparous. Essentially,
the five families were thought to be related, but there were
no proposals about the details of the relationships among the
five families or their genera.
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It was not until the iconoclastic work of Parenti in 1981
that relationships for the cyprinodontiform genera and their
families were proposed. Shared derived characters (evolu-
tionary novelties), not primitive characters, were used to de-
fine the various evolutionary lineages in a systematic
phylogenetic analysis of the order. Almost all the known gen-
era were reevaluated, and a comprehensive cladogram was
constructed to illustrate the proposed interrelationships of the
genera and the families into which they were placed. For the
first time the order Cyprinodontiformes was defined using
only derived characters, consisting of a suite of various oste-
ological features and, in general, a long developmental period
and early breeding habits. In the new ordering the viviparous
families did not form a monophyletic group, because some
live-bearers turned out to be related more closely to oviparous
species than to other live-bearers. There were numerous tax-
onomic and nomenclature changes as the result of the re-
structuring of the genera as well as the proposed scheme of
their relationships.

Three taxonomic arrangements were proposed, wherein
viviparous genera were deemed to be sister taxa to oviparous
genera. This kind of relationship had not been contemplated
previously and constituted a paradigm shift within cyprin-
odontiform systematics. The viviparous genera Anableps and
Fenynsia were recognized as sister taxa because of shared char-
acters in their reproductive biology. These, in turn, were con-
sidered the sister group of the oviparous Oxyzygonectes, which
had been aligned with Fundulus. These genera constitute the
Anablepidae. The viviparous family Goodeidae, with 17 gen-
era, commonly known as splitfins, was realigned with the sis-
ter group formed by the oviparous genera Crenichthys and
Empetrichthys. This group now constitutes the family Good-
eidae, which may be considered to have two subfamilies, the
Goodeinae and the Empetrichthyinae. The Poeciliidae, with
27 genera, was placed in a clade with the oviparous African
lampeyes, Aplocheilichthys, and its related genera and the

89



Order: Cyprinodontiformes

Pacific foureyed fish (Anableps dowi) from Central America. (Photo by
William E. Townsend, Jr./Steinhart Aquarium/Photo Researchers, Inc.
Reproduced by permission.)

oviparous genus Fluviphylax. That group, in turn, was hy-
pothesized to be the sister group of the Anablepidae.

As a result of these revisions, the killifishes, that is, the
oviparous cyprinodontiform genera, are no longer considered
to constitute a monophyletic group in the scientific sense, but
in the vernacular the term is used commonly. It also should
be noted that the Cyprinodontiformes were subdivided into
two suborders, the Aplocheiloidei and Cyprinodontoidei,
both of which spanned the continents of South America and
Africa, with interesting zoogeographical implications.

Four major revisions of the Cyprinodontiformes have been
published since 1981. Using both molecular and osteological
methods, overall cyprinodontiform taxonomy was revisited,
the phylogenetic relationships of the Old World and New
World aplocheiloids were revised sharply, and a major re-
structuring of the Poeciliidae was undertaken. An additional
molecular study of the phylogeny of the family Rivulidae and
its two subfamilies, the Rivulinae and Cynolebiatinae, was
published in 1999, and this may lead to a radical taxonomic
and nomenclatural revision of these two subfamilies.

The fossil record does little to illuminate cyprinodontiform
origins. The earliest fossils, the cyprinodontid Pachylebias and
Prolebias, both found in Europe, date to the Oligocene epoch,
25-40 million years ago (mya). Most fossils date to the
Miocene, 10-25 mya. The fossil record is relatively recent
compared with the inferred history of the Cyprinodonti-
formes. The phylogenetic relationships of recent killifishes and
live-bearers accord well with the realities of plate tectonics and
the breaking up of Gondwana, the single supercontinent
formed by present-day South America, Africa, Antarctica, Aus-
tralia, New Zealand, Madagascar, and India plus an assortment
of other small plates not part of the continent of Laurasia,
which was positioned to the north of Gondwana.

The distribution of the Cyprinodontiformes on today’s
widely separated pieces of Gondwana argues for a very an-
cient origin of this order of fishes, more than three times the

age of the oldest-known fossil killifishes. The killifishes and
live-bearers originated on Gondwana and were contempora-
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neous with the dinosaurs. Plate tectonics (continental drift)
carried these freshwater fishes to their present locations on a
journey that began with the breakup of Gondwana 140 mya.
The mountain killifishes, genus Orestias, found in the Ald-
plano regions of Peru, Bolivia, and Chile, were in place long
before the rising of the Andes lifted them to their lofty posi-
tions. In general, one can expect some dispersal within zoo-
geographical areas, but the distribution of freshwater fish
families is a result mainly of continental drift.

Before plate tectonic theory, freshwater fish distributions
presented great puzzles, the answers to which were sometimes
fanciful speculations. For instance, both the African killifish
genus Aphyosemion and the South American killifish genus
Rivulus were placed in the same subfamily, the Rivulinae. If
one thinks of the continents as always being in the same po-
sitions, how can the freshwater fishes of these two continents
possibly be related, since there is no way small freshwater
fishes can swim from Africa to South America? One of the
more fanciful hypotheses, ludicrous by today’s more sophis-
ticated standards, was that a series of islands spanned the At-
lantic Ocean from South America to Africa. The freshwater
fishes supposedly swam from island to island, thus account-
ing for the separation of their families. Then the islands con-
veniently disappeared without a trace. Another theory held
that the continents had moved apart because the earth was
expanding. (Two marks on a balloon grow farther apart as the
balloon is inflated.) That theory suffers from a lack of any
plausible mechanism, although in its early days the theory of
continental drift was subjected to the same criticism, a criti-
cism that was answered by the now widely accepted hy-
potheses of seafloor spreading and subduction.

The systematics of the cyprinodontoid family Poeciliidae
parallels the biogeographical situation outlined for the
aplocheiloid genera Rivulus and Aphyosemion, since part of the
Poeciliidae is South American and part is African. There, too,
plate tectonics offers a satisfying explanation of the biogeog-
raphy of that group.

The taxonomic evaluation of the Cyprinodontiformes is
far from complete, and one may reasonably expect many more
far-reaching revisions. Many new cyprinodontiform species
are being described and will enrich our understanding of this
order. In 2000 Lazara pointed out that the number of species
described since the first killifish was cited in 1766 by Lin-
naeus has increased exponentially.

Physical characteristics

The earliest known killifish “description” is a 600-year-old
piece of mother-of-pearl jewelry, one inch long, produced by
the Native American Mogollon culture in the recognizable
shape of Cyprinodon tularosa, endemic to New Mexico. As a
general rule, killifishes and live-bearers are sexually dimor-
phic and dichromatic. In 1881 Steindachner described male
and female Cynolebias bellottii as two different species, the fe-
male named appropriately Cynolebias maculatus. Cyprinodon-
tiform males and females differ in shape and color and
sometimes in numbers of anal and dorsal fin rays, as noted by
Steindachner. There is a gestalt to the Cyprinodontiformes
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that is difficult to describe (because they are so variable) but
which makes them instantly recognizable. Few fishes can be
mistaken for a killifish or live-bearer, but some of the very
few are the mudminnows of the Umbridae. In fact, in 1843
Umbra pygmaea was described by Ayres as a killifish (Fundu-
lus fuscus). Ayres was perhaps the first person to document his
confusion about this resemblance.

The Cyprinodontiformes vary greatly in length, from 0.4 in
(1 cm), which meets the formal definition of a miniature fish,
to nearly 13 in (33 cm). Many are basically cylindrical in shape,
with tapering around the caudal peduncle. Some are sleek, pike-
like predators and others elongate and flat-topped (the top min-
nows of the order), with mouths designed for surface feeding.
Some are laterally compressed and elongate for fast movement
in streams or in pelagic conditions, and others that occupy ben-
thic ecological niches may or may not be compressed but tend
to be deep-bodied. Some Orestias have “chunky” body propor-
tions akin to those of various fancy goldfish.

Cyprinodontiformes possess only one dorsal fin, which has
its origin anywhere from far forward of the first anal fin ray
to a point over the last few anal fin rays. The dorsal fin is never
completely ahead and rarely entirely behind the anal fin; there
almost always is an overlap. The origin of the anal fin ranges
from about the midbody to three-fourths of the way from the
snout. Fin rays are soft; Cyprinodontiformes do not have
spines. Unpaired fins are rounded, truncated, pointed, elon-
gated, or a combination of these shapes. Caudal fins are some-
time lyre-shaped. The unpaired fins may carry very elaborate
extensions or filaments, which in some cases extend beyond
the caudal fin. Males of most species have contact organs, that
is, bony outgrowths along the outer margins of the scales,
along the fin rays, or on the snout. These organs help initiate
spawning or position the males during spawning. In the live-
bearers and some killifishes, the anal fin of the male becomes
a gonopodium, which is used as an intromittent organ.

Pelvic fins sometimes are a prominent feature, but mostly
they are small, tiny, or absent. Pelvic fin position varies, though
usually it is close to the origin of the anal fin; sometimes it is
far forward and close to the pectoral fins. There is no lateral
line system along the sides, although in some species neuro-
masts protrude through the scales, running along what normally
would be the course of the lateral line. The lateral line system
is present around the head, with the cephalic neuromasts either
totally exposed or in canals or a combination of the two states.
Derived states of the cephalic lateral line system are very use-
ful in taxonomic studies. Some species use the cephalic lateral
line system to locate surface prey by its vibrations.

In 1949 Gosline developed an elaborate and very useful
classification and numbering system for the sensory canals and
pores of the cyprinodontiform head. The anterior naris is
tubular in the aplocheiloids and in the cyprinodontoid genera
Cubanichthys and Anableps. Among the cyprinodontoids this is
considered to be independently derived. Overall squamation
is complete, partial, or absent. There has been some attempt,
mainly among those studying aplocheiloids, to use the pattern
of scales on the head as a taxonomic tool. Upper and lower
jaw teeth are spatulate, unicuspid, bicuspid, or tricuspid or have
various combinations of those tooth forms. Sometimes teeth
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The largescale foureyes (Anableps anableps) sees well both above and
below the water because its eyes have two regions of retina, one for
seeing above water and the other for underwater. It feeds on both in-
sects from the air and small fish from the water. (Photo by Dr. Paul
A. Zahl/Photo Researchers, Inc. Reproduced by permission.)

are present on the vomer. Jaw teeth are used to seize food
items; teeth on the pharyngeals do the chewing. Mouths are
protrusile. In some cases the lower jaw has a marked upward
turn, sometimes almost perpendicular to the body axis. Some
species have thickened lips to facilitate the eating of algae.

Body proportions and fin lengths and shapes are different
in the sexes. Females typically have a more rounded appear-
ance. Aquarists never have problems determining the sex of the
Cyprinodontiformes. In other groups, this is not the case. Color
differences are always noticeable and, in many cases, dramatic.
The females generally are plain—perhaps silvery, olive drab,
or brownish—whereas males may be brightly colored in crim-
son, iridescent greens and blues, bright yellow, bright blue, or
a combination constituting a veritable riot of colors.

Distribution

Killifishes have a worldwide distribution, except for Aus-
tralia, Antarctica, and Europe north of the Pyrenees and the
Alps, with the exception of Apbanius fasciatus along the
Mediterranean coast of France. Live-bearers are found in

North, Central, and South America and the Caribbean.

Habitat

The Cyprinodontiformes occupy such diverse habitats that
it is impossible to characterize them in a simple way. A small
number of species occur in marine environments, some are
brackish water species, and others are even found in hyper-
saline waters. Most species, however, inhabit freshwater.
Many species, particularly in the genera Apbanius and Cyprin-
odon, are found in hypothermal environments at temperatures
close to their upper lethal limit. Many Rivulus are semiter-
restrial and may occur under leaves or logs or move overland
from puddle to puddle, pond to pond, and rivulet to rivulet.
In some tropical forest areas they are not to be seen until a
light rain fills up tire tracks, forms puddles, or fills in the hoof
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A Mombasa Kkillifish (Nothobranchius guentheri) from Kenya. (Photo by
Tom McHugh/Steinhart Aquarium/Photo Researchers, Inc. Reproduced
by permission.)

prints of cows or the footprints of people. Presumably, they
are waiting out drier conditions under damp leaf litter until
there is enough water in their microhabitats. In small streams
they are found along the edges in tiny pockets of water or
hidden under the vegetation or stuck on leaves overhanging
the water. At least one species, Rivulus marmoratus, inhabits
land crab burrows.

Killifishes and live-bearers are found in slow-moving to
fast-moving streams, tiny rivulets, shallow sheets of flowing
water, puddles, ponds, rivers, lakes, swamps, salt marshes, es-
tuaries, tidal flats, marine coastal waters, isolated desert
springs, hypersaline lakes, and springheads. Where the habi-
tats are large, they tend to be at the margins—with some no-
table exceptions, such as the pelagic lacustrine species. Almost
all of these habitats are heavy with vegetation. Some fishes
are found in areas where there are seasonal torrential condi-
tions, which they manage to survive. Perhaps some of the
semiterrestrial species leave the water under these conditions.
Pelagic forms, while not common, do occur in the high-
altitude lakes of the Andes and in some African lakes, most
notably, Lake Tanganyika. In both Africa and South Amer-
ica, aplocheiloid killifishes have successfully colonized habi-
tats with seasonal temporary waters. These species lay eggs
in the substrate and die off when the water evaporates. The
eggs, protected by the substrate, go into a resting state called
“diapause.” At times the substrate becomes so dry and cracked
that it is difficult to imagine that the eggs can survive. When
the rains of the wet season fill the shallow pans (in Africa,
some are elephant watering holes), roadside ditches, culverts,
meadows, temporary swamps, depressions, and ponds that
these species inhabit, most but not all eggs hatch within hours,
thereby providing a hedge against the false onset of a rainy
season. Ironically, in many areas of South America and Africa
human intervention in the form of road construction and its
associated culverts and ditches has helped these species. Even
though some places have two rainy seasons a year, this sea-
sonal characteristic is termed “annualism.”

Behavior

Males of the seasonal fishes are aggressively territorial, de-
fending their breeding sites against other males. In aquaria,
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where retreat is limited, males may fight until one or both die
from their injuries. Aggressive territorial behavior is common
in the Cyprinodontidae and is known in the Fundulidae (Fun-
dulus catenatus, F. diaphanus, and Lucania goodei). Aggression
sometimes extends to nonbreeding females. Male agonistic be-
havior is very common among the killifishes and some live-
bearers and is not necessarily territorial. In the cyprinodontids
aggression is associated with the defense of breeding territo-
ries; otherwise they move about in peaceful schools. In one
cyprinodontid species, Fordanella floridae, the male defends a
territory, builds a nest, and fans the eggs—a rare case of cyprin-
odontiform male parental care. The long-term defense of a
breeding territory by most male Cyprinodon likewise confers a
degree of protection to the eggs deposited there.

The Poeciliinae, Anablepidae, and Goodeidae are active,
gregarious, and sometimes scrappy. When they are not oc-
cupied by feeding activities, males posture and display as they
seek to mate. Female receptivity behavior is complex. Among
the poeciliines, a male sometimes rushes in quickly, thrusting
his gonopodium, and then beats a hasty retreat, particularly
in those species where the female is much larger. Poeciliine
females release a pheromone-like substance, thought to be es-
trogen, which stimulates males into a mating frenzy. Among
the goodeids, members of the genus Allodontichthys behave
much like North American darters. In Africa the nonseasonal
killifishes inhabit swamps, trickles, very small streams, and oc-
casionally rivers, but usually they occur in vegetation-choked
portions at the edges. Here they are distributed singly in small
pockets of open water in the weedy margins, under the veg-
etation itself, or sometimes under the leaf litter on the bot-
tom but never out in the open. Interestingly, one of these
species, Aphyosemion franzwerneri, also behaves like a darter.
In aquaria, males of all these species range from peaceful to
ferociously aggressive toward each other. Those species that
exhibit schooling behavior occur exclusively in the suborder
Cyprinodontoidei in the families Fundulidae, Cyprinodonti-
dae, Anablepidae, and Poeciliidae. Whether a single species
or a mix of species, these schools sometimes are composed of
massive numbers of individuals.

Feeding ecology and diet

Cyprinodontiformes are piscivorous, omnivorous, herbiv-
orous, or dedicated to particular food items, such as terres-
trial and aquatic invertebrates, zooplankton, detritus, algae,
and vascular plants. Some are aggressive feeders and pose a
danger to other species when they are introduced outside their
natural range. The diet of some species in the Poeciliinae in-
cludes a significant cannibalistic component.

Reproductive biology

In the poeciliines, as the male matures, the anal fin is mod-
ified into a gonopodium; at the juvenile stage there is no dif-
ference between the male and female anal fin. The
gonopodium serves as a launching platform for sperm bun-
dles called “spermatozeugmata.” In mating the gonopodium
is swung forward in a vertical plane and thrust at the female
genital opening so as to deposit the sperm bundles either near
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or inside the opening. The end of the gonopodium has hook-
like structures to facilitate the transfer of the spermatozeug-
mata. It is not known how the bundles are transported to the
tip of the gonopodium. Females can store sperm for extended
periods of time. Some females are capable of superfetation,
that is, they have the ability to carry more than one brood of
embryos at different stages of development. There are two
gestation extremes: in type 1 the embryo is nourished by the
yolk reserves laid down before fertilization (“lecithotrophy”);
in type 2 the egg is very small, without much yolk, but the
embryo is heavily nourished by maternal fluids transferred by
a kind of placenta (“matrotrophy”). There are various inter-
grade levels of maternal nourishment, depending on the
species. In Tomeurus gracilis, the egg is expelled, and devel-
opment is external and dependent on the yolk reserve. This
exceptional situation is, in reality, an extreme form of type 1
gestation. For the rest of the species with a gestation period,
birth is initiated by muscular contractions that rupture the
follicular walls of the embryos, thus initiating their exit into
the environment.

There are two unisexual poeciliine “species,” the all-female
Poecilia formosa and Poeciliopsis monacha-lucida. Both so-called
species are considered to be of hybrid origin, and some tax-
onomists do not regard them as true species. Matings are
needed to cause these “species” to reproduce. In P. formosa
paternal DNA is excluded, and the mating results in an all-
female brood. In Poeciliopsis, paternal DNA is not excluded,
but the resultant brood is also all female. The origins and re-
lationships of unisexual poeciliines were reviewed by Schultz.

Males of the live-bearing anablepids, the genera Anableps
and Fenynsia, have a tubular gonopodium that is used to trans-
fer free spermatozoa, not sperm bundles, to the female. In An-
ableps dowi sperm bundles are formed but break apart before
they make their way down the gonopodium. The gonopodia
in these genera swing forward in a horizontal plane but only
to one side, the left or the right. The vents of females are ac-
cessible only from the left or the right. Thus, left-sided males
must mate with right-sided females and vice versa. Embryos
are nourished by a pseudo-placenta that transfers nutrients to
the enlarged intestine of embryos of Anableps, whereas in
Fenynsia the maternal nutrients are supplied through the mouth
and opercular opening of developing embryos.

In the viviparous goodeids, the first several anal fin rays of
the male are shorter and offset from the rest of the anal fin
by a notch. This is the structure by which sperm bundles are
transferred, but the exact mechanism of transfer is unknown.
Gestating embryos absorb nutritional ovarian fluids by means
of elaborate outgrowths, called “trophotaeniae,” which form
around the anal region of the embryo.

Excluding Rivulus marmoratus, internal fertilization is
known in four egg-laying genera, Campellolebias, Cynopoecilus,
Epiplatys, and the monotypic Tomeurus. Campellolebias and
Cynopoecilus are seasonal genera in the family Rivulidae. Males
of Campellolebias have a gonopodium, whereas those of
Cynopoecilus have a modified anal fin in which the first six anal
fin rays are bunched together and have prominent contact or-
gans along the rays in the form of papillae. Epiplatys is a genus
with nearly 50 species, but only one is known to have inter-
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nal fertilization, a Sudanese population of Epiplatys bifasciatus.
Tomeurus gracilis is a typical gonopodial poeceliine species, ex-
cept that it expels its eggs. The mechanism of sperm transfer
in Cynopoecilus and Epiplatys bifasciatus is unknown.

The seasonal fishes lay their eggs in the substrate. Typi-
cally, a male defends a territory while mostly hovering over
and close to the substrate. A receptive female approaches, an-
gling with her head toward the substrate; the male draws near,
sometimes wrapping his anal and dorsal fins around the usu-
ally smaller female. The pair dives into the substrate, some-
times disappearing from sight. One or more eggs are released
by the female and fertilized by the male. After a characteristic
rolling motion designed to bury the eggs, the male and female
emerge from the substrate. The eggs enter a resting state. The
water in these habitats eventually evaporates, and the adults
die or, more likely, are eaten by birds before the water is com-
pletely gone. Some of the eggs embryonate and hatch during
the next rainy season. Even though the next rainy season may
be months or, in a drought, years away, in a home aquarium
these eggs may hatch after as little as two to three months of
storage in damp peat moss. The spawning of seasonal fish con-
tinues through the wet season. The eggs of the seasonal killi-
fishes develop asynchronously in the female, not all at once.

Most nonseasonal killifishes are plant spawners. Males
court a passing female and, if she is receptive, the pair move
to the vegetation and press their bodies together in a charac-
teristic S shape, their bodies quivering as a single egg is re-
leased and fertilized. The eggs are adhesive and stick to the
vegetation. Aquarists simulate this habitat by providing a faux
plant in the form of a small mop made of acrylic yarn. Aquar-
ists often collect the eggs of these killifishes with their fin-
gers. The egg is tough and easily handled without fear of
damage, and it has a long developmental period, 10-14 days.
As a result, the young hatch without a yolk sac and are fully
capable of swimming and feeding, unlike the young of many
other fish groups, which pass through a larval stage.

The species Rivulus marmoratus is a self-fertilizing her-
maphrodite, unique among vertebrates in that respect. Indi-
viduals of the species look like typical female Rivulus, but they
possess both ovaries and testes, with the ability to fertilize
their own eggs before laying them. Essentially they are self-
cloning. Two types of males are known. Secondary males are
hermaphrodites that have become functional males with the
color characteristics of a male Rivulus, but they retain a small
amount of ovarian tissue. Some populations produce primary
males, that is, individuals hatching out as males without
ovaries. The populations in the Belize Keys have a high per-
centage of primary males (25%), and there is some evidence
that primary males (and possibly secondary males) mate with
the hermaphrodites. This might entail a mechanism whereby
the presence of a male prompts suppression of self-fertiliza-
tion in the hermaphrodites. There are killifishes that spawn
in cracks and crevices; typically, these are species found in
rocky streams and lakes, the procatopodine genera Procatopus
and Lamprichthys tanganicanus, respectively. Some species,
such as Fundulus catenatus, lay their eggs over shallow gravel
beds. The reproductive biology of many killifishes is not
known, even though some of them are fairly common.
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Conservation status

Approximately 10% of all cyprinodontiform species—92 in
all—are cited in the 2000 Red List of the International Union
for Conservation of Nature and Natural Resources TUCN) in
the Extinct (10 species), Extinct in the Wild (5 species), Crit-
ically Endangered (18 species), Endangered (20 species), Vul-
nerable (25 species), Lower Risk/Near Threatened (3 species),
and Data Deficient (11 species) categories. The cause of all
freshwater fish extinctions and the establishment of the other
categories of concern are due solely to the harmful effects of
human intervention and not to the events of natural history.
Sadly, a species of Cyprinodon described in 1993 was given the
species name inmemoriam, since the species was extinct by the
time it was described. The Red List is not a static document,
and more species may be expected to appear there.

For instance, although huge tracts of the African rain-
forests are being cleared, not a single killifish from the af-
fected areas is on the 2000 Red List. This is an extreme
example of the category Data Deficient, in this case, no data
at all. An undescribed Nothobranchius species from the Caprivi
Strip of Namibia is the only African species listed as Endan-
gered. All Nothobranchius habitats, being seasonal, are capable
of being severely affected by human activity, so the absence
of other Nothobranchius from the 2000 list offers small com-
fort. Numerous species are listed as Extinct in the Wild. Given
the history of failure to keep Extinct in the Wild species, such
as the monkey spring pupfish, alive as captive animals, unless
they are successfully reintroduced into the wild, the future of
such species is bleak.

For species listed in any category the reasons why they were
listed are cited. Establishing whether a species is extinct is very
difficult because of the nature of extinction. The absence of
evidence is not necessarily evidence of absence. The difficul-
ties are acute when the actual distribution of a species is im-
perfectly known or when its taxonomic limits have not been
established or when there has been inadequate sampling. Har-
rison and Stiassny have reviewed this topic. Another 20 species
are listed as regionally endangered by various states in the
United States. These statistics need to be put into perspective.
The percentage (10%) of the Cyprinodontiformes under
threat is among the highest in the Actinopterygii, comparable
to the carps, of the order Cypriniformes, with 12% of its 2,660
species appearing on the Red List. Live-bearers and killifishes
have colonized marginal habitats easily degraded by human in-
tervention or highly vulnerable to introduced exotic species.
In addition, their distributions sometimes are highly localized,
as, for example, in a single spring or pond. These factors ac-
count for the high level of threat occurring in this group.

Significance to humans

Species in the genera Orestias in the Andes and Anableps in
Central and South America are taken in subsistence fishing
by local inhabitants. In the bait fish industry in the United
States, fundulids, such as Fundulus beteroclitus, and cyprin-
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A mosquitofish (Gambusia affinis) about to feed on mosquitoes. (Photo
by Robert Noonan/Photo Researchers, Inc. Reproduced by permission.)

odontids, such as Cyprinodon variegatus, are sold routinely as
bait fish. In the case of the latter species this sometimes leads
to disastrous consequences for the local fauna when end-of-
the-day bait-bucket releases occur. Both killifishes and live-
bearers are voraciously larvivorous, thus helping to control
mosquito populations and their resulting detrimental effects
upon humans. In many areas killifishes and live-bearers rep-
resent an important forage item for game fishes. In the Ever-
glades, Florida Bay, and the Keys there is an interesting food
chain of great economic significance. The salt marsh mos-
quito is very abundant in southern Florida. The killifishes and
live-bearers feed heavily on mosquito larvae, obtaining the
energy necessary to produce many offspring. When the killi-
fishes and live-bearers move into the tidal creeks, they pro-
vide abundant forage for tarpon, redfish, and snook, which
feature heavily in the economy of southern Florida.

Aquarium hobbyists keep many species of Cyprinodonti-
formes. Various live-bearers, selectively bred for color and
fancy fins, are sold in large numbers. Many specialty hobby-
ist groups, such as the American Killifish Association, the
Deutsche Killifisch Gemeinschaft, the American Livebearer
Association, and the Association France Vivipare, have been
formed to keep and study these fishes. The cooperation of
hobbyists and ichthyologists has had a significant impact on
the furtherance of our knowledge of the Cyprinodontiformes.
Cyprinodontiform species have been used widely in evolu-
tionary studies, the study of life history patterns, the study of
the effects of exotic introductions, and the disciplines of ecol-
ogy, reproductive biology, genetics, physiology, toxicology,
and behavioral psychology. This list is by no means exhaus-
tive. Xiphophorus bellerii, Fundulus beteroclitus, and Rivulus mar-
moratus alone have accounted for hundreds of articles in
professional journals and other publications. The beauty of
many of these fishes has led to their being featured on the
postage stamps of several countries, which aids in stimulating
an interest in conservation efforts.
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1. Largescale foureyes (Anableps anableps); 2. Redtail splitfin (Xenotoca eiseni); 3. Ascotan Mountain killifish (Orestias ascotanensis); 4. North-
ern mummichog (Fundulus heteroclitus macrolepidotus); 5. Blackfin pearl killifish (Austrolebias nigripinnis); 6. Mangrove rivulus (Rivulus mar-
moratus); 7. Tanganyika pearl lampeye (Lamprichthys tanganicanus); 8. Devils Hole pupfish (Cyprinodon diabolis); 9. Chocolate lyretail (Aphyosemion
australe); 10. Green swordtail (Xiphophorus hellerii ssp. hellerii). (lllustration by Emily Damstra)
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Species accounts

Largescale foureyes
Anableps anableps

FAMILY
Anablepidae

TAXONOMY
Anableps anableps Linnaeus, 1758, India (misreported type local-

ity).

OTHER COMMON NAMES
English: Striped foureyed fish, foureyed fish, foureye; Spanish:
Cuatro ojos; Portuguese: Quatro-olhos.

PHYSICAL CHARACTERISTICS

Grows to 12 in (30 cm) in total length. Elongate, compressed
posteriorly, and flat anteriorly. Blunt snout and toothy hori-
zontal mouth with only a slight curvature. Large, bulging,
froglike eyes set far forward, almost on the snout, and divided
by a black horizontal band into an upper and lower portion for
separately viewing above and below the waterline. Dorsal fin
set far back, completely behind the anal fin. Three to five blue
to violet horizontal lines of varying lengths run along the sides.
Dorsal surface is brownish. A whitish line runs along the back;
at the operculum the line divides into a Y shape, each arm of
which terminates at an eye. The ventral area is whitish. Sexu-
ally dimorphic. Females are larger than males, with rounded
fins; males have a tubular, scaled gonopodium.

Anableps anableps

Rivulus marmoratus
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DISTRIBUTION
Trinidad, Venezuela, Guyana, Suriname, French Guiana, and
the Amazon Delta in Brazil.

HABITAT
Found in freshwater, brackish, and saltwater rivers, streams,
and estuaries and oceanic saltwater near beaches.

BEHAVIOR

A gregarious schooling fish, sometimes gathering in the hun-
dreds with congeners of equal size. Since they swim with the
upper half of their eyes above the water, they have the amusing
habit of bobbing their heads up and down so as to keep their
eyes wet. This species has been seen riding the breakers near
sandy beaches, sometimes getting tossed onto the beach by the
waves. Undaunted, foureyes just jumps back in. Because of
their acute vision above the water, they are very difficult to
capture.

FEEDING ECOLOGY AND DIET

In brackish and marine environments, scores of these fish jump
out of the water at low tides to gulp down the mud, which is
rich in algae, diatoms, dinoflagellates, amphipods, isopods, and
worms. Although they are primarily surface feeders, they leap
from the water in pursuit of low-flying insects. Small fishes
also are part of their diet, but these fish are not bottom feed-
ers. Not surprisingly, aquarists report that the species will not
take food that falls to the bottom of an aquarium.

REPRODUCTIVE BIOLOGY

Foureyes are live-bearers with internal fertilization and ma-
trotrophic (type 2) gestation and development. The male
gonopodium swings out in a horizontal plane, but only in one
direction, either to the left or to the right. The vent of the fe-
male is covered by a hinged scale called a “foricula,” which
opens to the left or right. Thus, right-handed males must mate
with left-handed females and vice versa, an odd situation that
does not seem to impede their reproduction. The gestation pe-
riod is about 20 weeks, with a brood size of 10 to 20 fry. The
young are large, up to 2 in (5 cm) at birth. This large size is
remarkable, considering that sexual maturity is reached at
about 3.5 in (9 cm).

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
All species are taken for food in subsistence fishing, and, to a
limited extent, they are sold in the aquarium trade. ¢

Chocolate lyretail
Aphyosemion australe

FAMILY
Aplocheilidae

TAXONOMY
Aphyosemion australe Rachow, 1921, Port-Gentil (formerly Cape
Lopez), Gabon.
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Aphyosemion australe

Lamprichthys tanganicanus

OTHER COMMON NAMES
English: Chocolate australe, australe, Cape Lopez lyretail, lyre-
tail panchax.

PHYSICAL CHARACTERISTICS

Grows to 2-2.4 in (5-6 cm). Sexually dimorphic and dichro-
matic. The male is slender-bodied and cylindrical in shape; the
body has a slight curve to the dorsal surface. The head tapers
to a terminal mouth, and the caudal peduncle is compressed
and tapering. Dorsal fin is small and set far back, with its ori-
gin over the midpoint of the anal fin. Dorsal surface is choco-
late brown, and anterior flanks are light metallic blue; red
spots and splotches are scattered over the body and on the dor-
sal and anal fins. All fins show color, the dorsal and anal fins
with orange and red margins. Anal fin tapers to a point, with
its color grading into white; the upper and lower parts of the
caudal fin have curved white extensions, giving this fin its char-
acteristic lyre-tailed shape. The female is smaller, usually with-
out much color. Sometimes golden, gray, or muddy, with
rounded fins and iridescent bluish white margins on the pec-
toral fins. Body and unpaired fins have tiny red dots. All color
and color patterns vary widely for both males and females.

DISTRIBUTION
South along the coasts of Gabon starting at the Ogowe River,
the Congo, the Cabinda Enclave (Angola), and Zaire.

HABITAT

Found in swamps associated with small streams and rivers,
rainforest swamps, and shallow flooded areas—quiet, weed-
choked environments.

BEHAVIOR

A peaceful species, easily kept in a heavily planted aquarium or
one provided with spawning mops or with a combination of
plants and mops.
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FEEDING ECOLOGY AND DIET

Aquarists feed the chocolate lyretail brine shrimp—frozen or
live—adult or newly hatched, and such live foods as fruit flies,
daphnia, and tubificid worms. In nature, it is assumed that
aquatic invertebrates and terrestrial insects are the chief com-
ponent of the diet.

REPRODUCTIVE BIOLOGY

A typical plant spawner, the male courts the female with fins
flared. A receptive female moves to the plants or spawning
mop, where the pair presses against each other in an S shape,
both of them quivering. The female releases an egg, which the
male fertilizes. The adhesive egg sticks to the vegetation or
mop. These eggs are collected easily and hatch in 14 days. It is
estimated that some aquarium populations of the chocolate
lyretail have been held and bred in aquaria continuously since
1913, yet differences are small compared with the wild forms
from the type locality.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS
Sold and exchanged among aquarium hobbyists and occasion-
ally available in the aquarium trade. ®

Devils Hole pupfish
Cyprinodon diabolis

FAMILY
Cyprinodontidae

TAXONOMY
Cyprinodon diabolis Wales, 1930, Devils Hole, Ash Meadows,
Nevada, United States.

Cyprinodon diabolis

Fundulus heteroclitus macrolepidotus
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OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

A dwarf species seldom exceeding 1 in (2.6 cm) in length.
Pelvic fins are absent. Resembles the juvenile pupfish. Sexually
dimorphic and dichromatic. Males have iridescent blue body
color; the operculum is iridescent with a purple sheen. The
unpaired fins are bordered in black, the dorsal fin is iridescent
gold, and the anal and caudal fins are whitish toward the base.
Prominent genital papilla. Females overall have more yellowish
coloration than males. The back and caudal and pectoral fins
are yellowish brown, and the dorsal fin is edged in black. The
operculum is metallic green, with a hint of a dark bar on the
caudal peduncle.

DISTRIBUTION
Ash Meadows, Nevada.

HABITAT

The enclosed pool of an aquifer formed by flooded limestone
caverns and reached by a 49 ft (15 m) naturally occurring
shaft in the side of a hill, its only source of light. The dimen-
sions of the entire pool are 11.5 ft by 72 ft 3.5 m by 22 m).
A boulder divides the surface of the pool into two sections.
The breeding and most of the feeding, upon which the sur-
vival of the species depends, take place on an algae-covered
rocky shelf 11.5 ft by 16.6 ft 3.5 m by 5 m) with 1 ft (0.3 m)
of water above it. The shelf is situated at the foot of the

shaft. The overall dimensions of this part of the pool are

11.5 ft by 42 ft 3.5 m by 13 m). At the end of the shelf there
is an abrupt drop-off of 28 ft (8.5 m). The substrate continues
to slope downward below that depth. Water flows in and out
of the pool at a year-round temperature of 90°F (32°C). As
the lakes and waters of the area disappeared and the desert
formed, the species was trapped in the aquifer 10,000 to 25,000
years ago.

BEHAVIOR

The pupfish exhibits a daily cycle of movement to and from
the rocky shelf, depending on the time of day and the time of
year.

FEEDING ECOLOGY AND DIET

In the summer and fall the species feeds chiefly on the algae
growing on the shelf. Algae also grow on the substrate just off
the shelf up to a depth of 50 ft (15 m), with only trace
amounts below that. In winter and spring, when the algae are
much reduced, diatoms are the chief food items. The popula-
tion varies from about 200 to 500 individuals, depending on
the algae growth.

REPRODUCTIVE BIOLOGY

Males do not set up breeding territories, as do other pupfish.
Spawning takes place primarily in April and May. Males closely
accompany a ripe female to the algae-covered shelf, where they
stay together and spawn at irregular time intervals spanning
about one hour. The species has spawned in the laboratory,
but no eggs were hatched.

CONSERVATION STATUS
Listed as Vulnerable by the TUCN.

SIGNIFICANCE TO HUMANS

The pupfish has endured in its tiny habitat for as many as
25,000 years, providing us with a stimulus to ponder both the
durability and the vicarious nature of life. ®
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Ascotan Mountain killifish
Orestias ascotanensis

FAMILY
Cyprinodontidae

TAXONOMY
Orestias ascotanensis Parenti, 1984, Salar de Ascotan, Chile.

OTHER COMMON NAMES
English: Lake Ascotan Mountain killifish

PHYSICAL CHARACTERISTICS

Grows to 2.4 in (6 cm) in length. A member of the Orestias
aguassizii species complex. Basically olive-green in color, with
anal and dorsal fins set back and over each other. The lower
jaw turns up. Males and females are robust, with a relatively
large head compared with the heads of other species in the
species complex. Sexually dimorphic and dichromatic. Males
are smaller than females and more slender. Breeding males
have a bright yellow overlay on the sides and the anal and dor-
sal fins. Females are larger and more rounded than males. The
fins and body are mottled, tending toward more uniform col-
oration when they are very mature.

DISTRIBUTION
Known only from Salar de Ascotan, a small saline lake in
northwestern Chile, the southernmost population of Orestias.

HABITAT

The species is found in the slightly brackish water of Lake As-
cotan and its associated ponds, where Ruppia filifolia is the most
common vegetation.

Austrolebias nigripinnis

Orestias ascotanensis
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BEHAVIOR

In 1995, for the purpose of studying captive breeding, Jara,
Soto, and Palma set up four males and four females in a
planted 3 gallon (12 L) aquarium with no reported aggression
among the males. The males did not persistently court the fe-
males, as happens with many other killifishes; some time was
spent apart, feeding and moving about the aquarium.

FEEDING ECOLOGY AND DIET

In aquaria the species readily feeds on insect larva, crustaceans,
and commercial flake food, indicating that in the wild it is a
benthopelagic feeder on aquatic invertebrates.

REPRODUCTIVE BIOLOGY

This species is a typical plant spawner. At the lake, eggs were
found attached to the vegetation. In aquaria the male courts
the female by approaching from beneath and nudging her
pelvic area. The two then move to the vegetation. With the
pair positioned side by side with their vents close together, the
male assumes a typical S-shape posture. The female releases
two or three adhesive eggs, which are fertilized by the male.
The filamentous eggs adhere to the vegetation. The incubation
time is about 17 days at 63—-68°F (17-20°C).

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
None known. ¢

Northern mummichog
Fundulus beteroclitus macrolepidotus

FAMILY
Fundulidae

TAXONOMY

Fundulus beteroclitus macrolepidotus Walbaum, 1792, northern
America. In the 1980s, Able and Felley recognized the sub-
species status of the northern populations of Fundulus heteroclitus.

OTHER COMMON NAMES
English: Killie, killifish; Spanish: Findulo; Portuguese: Fundulo.

PHYSICAL CHARACTERISTICS

Grows to 5 in (13 cm) in length. Sexually dimorphic and dichro-
matic. Males and females have up to 15 vertical bars, which tend
to be faint or missing in mature adults. The mouth is blunt,
with a turned-up lower jaw. The dorsal fin is positioned over the
anal fin origin at about the midbody. Males have a dorsal ocel-
lus. Breeding males are light gray to very black in background
color. The body and all unpaired fins have bright iridescent
white to greenish opalescent spots. The dorsal, anal, and caudal
fins have a yellow margin that is less noticeable on the caudal fin
in the black body variety. There is a yellowish cast to the ab-
domen and operculum, the latter with iridescent silver high-
lights. Color patterns and color intensities vary widely in both
sexes. Females are larger than males. Body is chunky with a pale
silvery background, brownish color on the back, and whitish
color on the abdomen. The fins are clear. Adults rarely are con-
fused with other species in their natural range.

DISTRIBUTION

From Chesapeake Bay, Maryland, United States, to New-
foundland, Canada. Naturalized in the estuary of the
Guadalquivir River, southwestern Spain, and possibly estab-
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lished in the salt marshes of the estuary of the Guadiana River,
at Castro Marim, southeastern Portugal.

HABITAT

The species is active primarily in tidally influenced coastal salt
marshes as well as estuaries, tidal streams and creeks, shallow
marine and brackish environments, and back-beach lagoons
reached by high tides. They have been reported for freshwater
portions of the Bronx River and naturalized in freshwater im-
poundments, the latter likely due to bait-bucket releases. Most
studies of its habitat use have been undertaken in its primary
habitat, the salt marshes.

BEHAVIOR

Traveling in huge schools numbering in the hundreds, the
mummichog is in constant search of food. As a result, fishers
find that they are caught easily in baited minnow traps. As a
predator on salt marsh invertebrates and small fish, and as a
prey item for wading birds and the blue crab, the northern
mummichog has a significant impact on salt marsh trophic dy-
namics. The annual mortality rate is about 50% for adults and
more than 99% for the larval and juvenile class sizes.

FEEDING ECOLOGY AND DIET

Feeds on a variety of marine and freshwater invertebrates, di-
atoms, mollusks, amphipods, crustaceans, plant material, insects,
detritus, worms, and small fishes. It is doubtful that a mummi-
chog would spurn anything edible that fits into its mouth. Mum-
michogs are preyed upon by larger fish and fish-eating birds.

REPRODUCTIVE BIOLOGY

Judging by its reproductive behavior in aquaria, the mummi-
chog probably spawns continually in the spring and summer,
but in nature its peak spawning activity is governed by a lunar
cycle. Eggs are laid in clumps on floating algae mats or at the
base of marsh grasses and buried in the sand in the high
marshes at the very high tides of the new moon or full moon.
The eggs are placed where desiccation will be minimized when
the tide goes out. The eggs hatch when they are immersed
again at the next very high tide. In aquaria water-incubated
eggs hatch in about 16 days.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS

The mummichog is used as a bait fish and as an aquarium ani-
mal; it also is one of the most widely used laboratory animals.
It is a harmless species unless it is swallowed live. It has been
reported that many bored fishers have swallowed live mummi-
chogs. In one such instance, some of the fish were infected
with the larva of the nematode Eustrongyloides ignotus, causing
stomach and intestinal problems for three fishers, two of whom
required surgical intervention. Raasch noted, “Though 12 fish-
ermen reported no symptoms from this pastime, the moral is
that fishermen should abstain from taking the bait themselves
when the fish refuse to do so.” &

Redtail splitfin

Xenotoca eiseni

FAMILY
Goodeidae

TAXONOMY
Xenotoca eiseni Rutter, 1896, near Tepic, Nayarit, Mexico.
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Xenotoca eiseni

Xiphophorus hellerii

OTHER COMMON NAMES
Spanish: Mexcalpique cola roja.

PHYSICAL CHARACTERISTICS

Males grow to 2.4 in (6 cm) in length and females to 2.8-3 in
(7-8 cm). Sexually dimorphic and dichromatic. All fins are
rounded. The dorsal fin of males is larger than that of females
and is set over the anal fin, far back on the portion of the body
that tapers to the caudal peduncle. The body is block-shaped,
with a humpbacked appearance in mature fish. The depth of
the caudle peduncle is much smaller than the body depth. The
head is small and pointed. The basic background color of the
body is brownish gray to beige; the degree of dark pigmenta-
tion is quite variable. Males are bright orange to red at the
base of the caudal peduncle, with iridescent blue highlights on
the forward part of peduncle between the anal and dorsal fins.
The middle portion of the body has gold highlights, and the
abdomen is reddish to yellowish near the operculum. The dor-
sal fin is sometimes black, the caudal fin is orange to yellow,
and the anal fin is orange. Color patterns and intensities vary
greatly by location, with colors in alpha males very pro-
nounced. Females have a grayish beige body color, sometimes
with silvery highlights; all fins are slightly yellow.

DISTRIBUTION
Mexico in Rio San Leonel, El Sacristan, and Rio Grande de
Santiago drainages in Nayarit; also in Rio Tamazula, Jalisco.

HABITAT
Found in rivers, streams, and springs as well as in ditches,
which are sometimes highly polluted.

BEHAVIOR

Collects in groups that have an alpha male. Males constantly
pursue females and are pugnacious and scrappy toward each
other and especially toward other species. In aquaria they have
the reputation of being fin nippers.

FEEDING ECOLOGY AND DIET
Omnivorous.
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REPRODUCTIVE BIOLOGY

A live-bearing species with internal fertilization, the embryos
being nourished by trophotaeniae. The gestation period is
about 60 days. Brood size ranges from 10 to 40 fry, with re-
ports of up to 100 fry.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
The redtail splitfin is sold in the aquarium trade and is bred
and traded by live-bearer aquarium hobbyists. ®

Tanganyika pearl lampeye

Lamprichthys tanganicanus

FAMILY
Poeciliidae

TAXONOMY
Lamprichthys tanganicanus Boulenger, 1898, Mbiti Rocks, south-
ernmost Lake Tanganyika.

OTHER COMMON NAMES
English: Lake Tanganyika lampeye, Tanganyika pearl killifish,
Tanganyika killifish.

PHYSICAL CHARACTERISTICS

Grows to 6 in (15 cm) in length. Sexually dimorphic and
dichromatic. Males and females are silvery, sleek, and com-
pressed and taper to the terminal mouth and caudal peduncle.
Brightly reflective eyes. They have high-set pectoral fins and
dorsal fins set far back, with the origin approximately over the
middle of the anal fin. Caudal fins have scales at the base. Re-
curved teeth noticeable on the outer surface of the upper and
lower jaws. Males have an anal fin with a broad base; the rays
are shorter than in females. Eight or nine lines of very bright
iridescent blue spots along the body, with yellowish spotting
on dorsal, anal, and caudal fins and yellow pelvic fins. All ob-
served colors and patterns vary widely, depending on the angle
of the lighting. Female are smaller than males, with rounded
fins. Shorter dorsal and anal fin base, anal fin rays longer than
in the male. The body is silvery or bluish, and the fins are
faintly yellow or orange.

DISTRIBUTION
Endemic to Lake Tanganyika.

HABITAT
Rocky shores (not sandy areas) out to a depth of about 30 ft
(10 m).

BEHAVIOR

A benthopelagic fish moving in large schools with conspecifics
and sometimes in schools of native freshwater herrings. De-
spite its predilection for schooling, individuals wander about
apart from schools. Males are not aggressive toward each
other. Fry form huge schools in the hundreds and even in the
thousands. In aquaria newly hatched fry form schools at the
water surface immediately upon hatching. Fry must be reared
apart from the adults.

FEEDING ECOLOGY AND DIET

Feeds on aquatic and terrestrial insects, such as chironomid lar-
vae, termites, and beetles, as well as small crustaceans, ostracods,
fish scales, and small fish. The elements of this diet indicate
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feeding from the bottom to the surface of the water column.
The recurved teeth on the outer surface of the upper and lower
jaws facilitate the capture of chironomid larvae and ostracods on
rocky substrates. Fish scales and small fishes indicate midwater
feeding, while terrestrial insects suggest surface feeding. Aquatic
vegetation does not seem to play a part in the diet.

REPRODUCTIVE BIOLOGY

A bottom spawner, utilizing cracks and crevasses for its egg-
deposition sites. A male and female meeting in midwater de-
scend to the rocky substrate. The female positions herself close
to a crack or crevasse in the rocks, where she ejects an egg,
which is fertilized by the male. The eggs are not adhesive but
become wedged in place. In aquaria they make use of a similar
arrangement of rocky crevasses but also lay their eggs in
spawning mops and even on the bare bottom of the aquarium.
The eggs are large, 0.1 in (3 mm), but difficult to see. Eggs
eye-up in about a week and hatch in two to three weeks.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
Occasionally appears in the aquarium trade. ¢

Green swordtail
Xiphophorus hellerii

FAMILY
Poeciliidae

TAXONOMY
Xiphophorus hellerii Heckel, 1848, Orizaba, Mexico.

OTHER COMMON NAMES
English: Swordtail; Spanish: Cola de espada.

PHYSICAL CHARACTERISTICS

Males grow to 5.5 in (14 ¢cm) in total length, with a sword
length of 1.6-3 in (4-8 cm). Females grow to 6.3 in (16 cm).
Sexually dimorphic. Males and females have basically the same
grayish green background color. Males have a gonopodium, a
slender body, a long extension on the bottom of the caudal fin
forming a “sword,” two lines of reddish dots on a squared-off
dorsal fin, and a pronounced line of color that is bright to
dark red to almost brown running longitudinally along the
body from the snout through the eye to the base of the caudal
fin. Sometimes paralleled on the flanks by one or two fainter
reddish lines above and below. The sword is an iridescent yel-
lowish green bordered in black. Females are robust and
rounded, with squared-off anal and dorsal fins. Caudal fin is
asymmetrically rounded, with a hint of a protrusion from the
lower part of the fin. There is a shadow on the area over the
vent (gravid spot).

DISTRIBUTION

Native distribution in Rio Nantla, Veracruz, Mexico, to north-
western Honduras. Naturalized in the continental United States
(ten states) and Hawaii; Michoacan, Morelos, Nuevo Leon, and
Coahuila, Mexico; Transvaal, South Africa; Sri Lanka; New
Caledonia, Australia; Fiji; Guam; Réunion; and Madagascar.

HABITAT
Inhabit rivers, streams, warm springs and their runoffs, canals,
and ponds with heavy vegetation.
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BEHAVIOR

While they are not territorial, male swordtails form hierarchi-
cal groups. A dominant male drives off rivals within a feeding
domain or an area where females have congregated. The mat-
ing success rate of a dominant male is about 80% within his
area of activity. Females form hierarchical groups of several in-
dividuals that stay in close proximity to a dominant male.

FEEDING ECOLOGY AND DIET

Plant material and insects form the greatest part of the diet. In
aquaria they are voracious, consuming a wide variety of foods,
such as fruit flies, frozen or live brine shrimp and chironomid
larvae, flake foods, high-protein paste foods, small fish, and algae.

REPRODUCTIVE BIOLOGY

Green swordtails are live-bearers. Males impregnate females by
means of a gonopodium. Females can store sperm and may
produce, from a single mating, several broods over an eight-
month period. Swordtails undergo lecithotrophic (type 1) ges-
tation and development, with fry being produced
approximately every 30 days. Brood sizes are fairly large; 100
or more fry may be produced by a large female.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS

The green swordtail has considerable economic importance in
the aquarium trade and frequently is used in genetic and be-
havioral research. ¢

Blackfin pearl killifish

Austrolebias nigripinnis

FAMILY
Rivulidae

TAXONOMY
Austrolebias nigripinnis Regan, 1912, La Plata, Argentina.

OTHER COMMON NAMES
Vernacular: Nigripinnis.

PHYSICAL CHARACTERISTICS

A small species, 2-2.75 in (5-7 cm) and rarely more than 2 in
(5 cm) long. Relatively deep-bodied and sexually dimorphic
and dichromatic. Males are larger than females. All fins are
blue-black with an iridescent greenish overlay on the pectorals.
Fins are rounded, with relatively large anal and dorsal fin
bases. Iridescent metallic-green margin on the dorsal fin and
similar margins on the anal and caudal fins are made up of a
series of separate spots. Opalescent whitish to greenish spots
on all fins and the body, forming five to 11 vertical bars. Lines
paralleling the fin edges on the unpaired fins. Body color is
sometimes pale around the abdomen. All intensities and pat-
terns vary widely. The female has smaller rounded fins and
brown mottling on the body, dorsal fin, and anal fin. Clear
caudal, ventral, and pectoral fins and whitish abdominal area.

DISTRIBUTION
The La Plata River basin in Uruguay and Argentina.

HABITAT
Inhabit temporary waters, such as flooded meadows, shallow
ponds, and roadside ditches.
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BEHAVIOR

The male takes over an area, which it defends against other
males. A female moves in, signaling her receptivity by tilting
toward the substrate. The male joins the female, and they
move side by side with their heads together. The pair spawns
directly on the substrate or, conditions permitting, by diving
into it. In an aquarium with more than one male, a dominant
male, obvious by his black body and fins, defends a spawning
area of his choice; the color of the other males fades to light
gray, with some black or brownish blotching. If the aquarium
is heavily planted so that the males cannot see each other,
more than one dominant male may appear.

FEEDING ECOLOGY AND DIET

The species feeds on live foods, such as aquatic and terrestrial
insects, worms, crustaceans, and other aquatic invertebrates. In
aquaria live foods (such as fruit flies, brine shrimp, chironomid
larvae, tubificid worms, and daphnia) are accepted eagerly and
almost everything else is rejected, with the exception of
chopped earthworms and certain paste foods.

REPRODUCTIVE BIOLOGY

Eggs placed in the substrate during spawning go into diapause.
When the temporary waters evaporate, the adults die off, but
the eggs survive until they hatch in the next rainy season,
within hours of being wetted. Aquarists simulate this environ-
ment by providing garden peat moss as the substrate, periodi-
cally collecting the peat and storing it away in an almost dry
state at a temperature of about 70°F (20°C). When the peat is
flooded after two to four months of storage, most of the eggs
will hatch. If the eggs do not hatch, the peat can be dried
again and flooded at a later date.

CONSERVATION STATUS
Not listed by the [TUCN.

SIGNIFICANCE TO HUMANS

The blackfin pearl killifish is exchanged among aquarium
hobbyists but only rarely becomes available in the aquarium
trade. @

Mangrove rivulus
Rivulus marmoratus

FAMILY
Rivulidae

TAXONOMY

Rivulus marmoratus Poey, 1880, “from Cuba, if they do not ex-
ist in the United States.” Poey’s description of the type locality
has to be one of the strangest in the history of taxonomy. As it
turns out, this species is found in Florida and Cuba; the types
are presumed to be from Cuba, Poey’s homeland.

OTHER COMMON NAMES
English: Rivulus.
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PHYSICAL CHARACTERISTICS

Grows to 3 in (75 mm) in length. Hermaphrodites. Cylindrical
in shape, with tapering of the head and caudal peduncle and a
high scale count. Dorsal and anal fins are set far back (typical
for all Rivulus species), with the dorsal fin origin set back far-
ther than the anal fin origin. A characteristic splotchy brown
pattern, with an irregular dark mark just behind the operculum
(humeral blotch) and a rivulus spot (ocellus) on the caudal pe-
duncle. Primary and secondary males have the same body
shape, an orange or pink overlay (more often orange) on the
body and fins, mottling, and a dark humeral blotch. The rivu-
lus spot sometimes is absent, unpaired fins at times are clear
and at times have dark edges. The proportion of primary males
in Belize is high (25%), whereas elsewhere the proportion is
very low for both primary and secondary males.

DISTRIBUTION

Florida, Mexico, Belize, Nicaragua, Guatemala, Honduras,
French Guiana, Venezuela, Brazil as far south as Santos, the
Bahamas, and numerous Caribbean locations.

HABITAT

A semiterrestrial species that inhabits coastal mangrove forests
in very shallow water or the wet areas of their muddy flats, out
of water under detritus and leaf litter, or under or inside rot-
ting logs. Frequently occurs in the burrows of land crabs.
Found in marine and brackish water or in hypersaline pools
but not in freshwater.

BEHAVIOR

Can be caught in traps set in crab holes but dies if the traps be-
come flooded, possibly indicating that respiration of atmos-
pheric air is a necessity. They also can be caught on a tiny hook
baited with a small piece of worm. Captive individuals jump out
of the water to snatch a termite or ant held above the water
surface. In nature they flip along the water surface one or more
times or leave the water altogether to elude danger. Extremely
aggressive toward each other in aquaria, yet small aggregations
have been caught in crab burrows and under rotting logs.

FEEDING ECOLOGY AND DIET

Feeds on small terrestrial and aquatic insects, mosquito larvae,
polychaete worms, mollusks, and gastropods. It leaves the wa-
ter to seize food items but returns to the water to eat them.

REPRODUCTIVE BIOLOGY

The only known self-fertilizing vertebrate. Although they are
highly efficient at self-fertilization, hermaphrodites release
some unfertilized eggs. There is evidence that outcrossing
takes place, which would seem to indicate that the hermaphro-
dites can suppress self-fertilization so that males can fertilize
the unfertilized eggs released by the hermaphrodites.

CONSERVATION STATUS
Not listed by the IUCN. Regionally are listed as a species of
Special Concern in Florida.

SIGNIFICANCE TO HUMANS
Widely used in field and laboratory studies in genetics, toxicol-
ogy, ecology, and physiology. ®
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Stephanoberyciformes
(Whalefishes and relatives)

Class Actinopterygii
Order Stephanoberyciformes
Number of families 9

lllustration: Hairyfish (Mirapinna esau). (lllustra-
tion by Brian Cressman)

Evolution and systematics

The order Stephanoberyciformes comprises deepwater,
bathypelagic fishes that are for the most part poorly known
anatomically. The order has a checkered systematic history;
some of the families currently assigned to this order were
treated as part of the formerly larger order Beryciformes
(sometimes called Trachichthyiformes), others were previ-
ously included in the Lampridiformes. Stephanoberyciforms,
as presently constituted, were given the status of an order by
G. D. Johnson and C. Patterson in a phylogenetic survey
of acanthomorph teleosts in 1993 (which is followed here);
parts of the group were previously recognized as separate or-
ders by earlier authors, including the whalefishes (Cetomim-
iformes) and pricklefishes and allies (Xenoberyces in part, or
Stephanoberyciformes sensu stricto).

The 9 families that form the Stephanoberyciformes are di-
vided into 28 genera and about 92 species. The families are:

¢ Stephanoberycidae (pricklefishes; 3 monotypic genera)

* Melamphaidae (bigscales or ridgeheads; 5 genera,
about 38 species)

* Gibberichthyidae (gibberfishes,
species)

Gibberichthys; 2

e Hispidoberycidae (Hispidoberyx ambagiosus)

¢ Cetomimidae (flabby whalefishes; 9 genera, about 35
species)

* Barbourisiidae (Barbourisia rufa)

* Rondeletiidae (redmouth whalefishes, Rondeletia; 2
species)

® Mirapinnidae (3 genera, 5 species)
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* Megalomycteridae (largenoses; 4 genera, 5 species)

The first four families form the superfamily Stephanobery-
coidea; the remaining families are united in the Cetomi-
moidea. Stephanoberyciforms share a specialization of the
posterior dermal skull roof, in which the enlarged ex-
trascapular bones cover the parietal bones. They are closely
related to the bony fish groups Zeiformes, Beryciformes (sensu
stricto), and Percomorpha, sharing with them the presence of
pelvic fin spines (lost in certain stephanoberyciforms), as well
as specialized features of their pelvic fin anatomy.

The fossil history of the Stephanoberyciformes is almost
negligible in contrast to the more extensive fossil history of
the Beryciformes. No fossil stephanoberyciform taxon has
been erected to date, even though fossil otoliths (paired ear
stones of the membranous inner ear labyrinth present in many
fishes that can aid in detecting motion) and scant skeletal re-
mains have been mentioned. Otoliths are difficult to identify
because they lack features that are diagnostic of taxa of fishes;
nonetheless, two unnamed species referred to the living genus
Melamphaes have been recorded from the Tertiary period
(some 50 million years ago) of France.

Physical characteristics

Stephanoberyciforms are a morphologically diverse
lineage, ranging from the large-headed whalefishes to the
small-headed megalomycterids and mirapinnids. In stephano-
beryciforms generally, the head is somewhat large, with
numerous bony ridges in the stephanoberycoids (giving
them a highly armored look), usually with small eyes, the dor-
sal and anal fins end in opposition posteriorly on the body,
the pectoral fins are of moderate size, and the caudal fin is
truncated and not very large. All families have a single dorsal
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fin, either with very few spines (stephanoberycoids) or
lacking them completely. Pelvic fins can be well developed
(as in melamphaids), reduced (as in stephanoberycids), absent
(as in cetomimids), and even winglike and aberrant (as in the
hairyfish, Mirapinna esau). The caudal fin may have procur-
rent spines (as in stephanoberycoids), and is uniquely subdi-
vided in Mirapinna. The jaw bones are rather weak and easily
bent.

Many stephanoberyciform species appear velvety due to
small protrusions from the epidermis (as in Mirapinna), or
even from numerous spines on the scales (as in stephanobery-
cids) that are usually deciduous. Many species, such as the ce-
tomimids, lack scales, others, such as the melamphaids, have
large cycloid scales (their scales are rarely seen as they are eas-
ily lost on capture). The teeth are very small; numerous pores
are usually visible on the head and lateral line, and some
species may have luminous tissues and highly distensible
stomachs, and are soft and flabby (as in whalefishes). One fam-
ily, the Megalomycteridae, has extremely well-developed ol-
factory organs and nostrils. Species of the mirapinnid genera
Eutaeniophorus and Parataeniophorus, and those in the family
Megalomycteridae are morphologically quite distinct from
other stephanoberyciforms.

The fishes of this order are usually small, rarely surpass-
ing 9.8 in (25 cm) in length, and usually below 4.7 in (12 cm);
only a few specimens above 13.8 in (35 mm) are known. Col-
oration is drab, brown, grayish black, or reddish (as in whale-
fishes). Many stephanoberyciform species are known from
very few specimens, and sometimes these represent only a sin-
gle sex or a juvenile stage; no adult mirapinnid has been col-
lected to date.

Distribution

The fishes of this order are widely distributed throughout
all major oceans, but are yet to be recorded from the Mediter-
ranean Sea or from Arctic waters.

Habitat

Stephanoberyciforms are deepsea fishes, generally inhab-
iting bathypelagic depths down to about 13,123 ft (4,000 m).
A few species, especially juvenile forms, have been captured
closer to the surface in waters as shallow as 164 ft (50 m),
probably an indication of vertical migrations. The only spec-
imen of the hairyfish was captured near the surface.
Stephanoberyciforms, especially whalefishes and melam-
phaids, form an important and very large proportion of fishes
in the bathypelagic realm.
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Behavior
Stephanoberyciforms undertake vertical migrations from
deeper waters into shallower regions.

Feeding ecology and diet

Very little is known concerning the food preferences
of stephanoberyciforms, as the stomachs of relatively few in-
dividuals have been found to contain food. Copepods and other
small crustaceans have been found in the stomachs of a few
specimens of different species, but many, including, stephano-
berycoids and whalefishes, are probably capable of ingesting
larger prey items because of their relatively wide gape.
Stephanoberyciforms are probably eaten by larger fishes.

Reproductive biology

The reproductive biology of stephanoberyciforms is largely
unknown, but both eggs and larvae are pelagic. Eggs are un-
known in many species. One highly modified larval form was
originally described as a separate genus, Kasidoron, and even given
familial status, but it is now well established that it represents
the larval form of the gibberfish (Gibberichthys pumilus). This lar-
val form is remarkable, presenting a very long pelvic appendage
that superficially resembles algae (such as Sargassum) or
siphonophores. The appendage is lost by about 1.2 in 3 cm)
standard length. The larvae of Eutaeniophorus and Parataenio-
phorus are remarkable in presenting very elongated caudal
“streamers,” long tape-like projections that may reach several
times body length (somewhat smaller in Parataeniophorus); the
streamer is lost in adults. Larvae also have been described for
Melamphaes, Poromitra, Scopeloberyx, and Scopelogadus. These be-
gin to display their generic characteristics from between 0.2 and
0.8 in (0.5 and 2 cm) standard length. As a general rule, larvae
and juveniles appear to occur in more shallow water compared
to adults of the same species, which tend to be more bathypelagic.

Conservation status
No species in Stephanoberyciformes are listed by the [IUCN.

Significance to humans

Stephanoberyciforms are not eaten and are therefore of lit-
tle direct importance economically. Whalefishes are very nu-
merous, and believed to form the most numerous fish species
in terms of biomass in the bathypelagic zone 3,281-13,123 ft
(1,000-4,000 m) in depth; therefore they are probably im-
portant food items of other commercial species, such as the
orange roughy (Hoplostethus atlanticus).

Grzimek’s Animal Life Encyclopedia



1. Hairyfish (Mirapinna esau); 2. Red whalefish (Barbourisia rufa); 3. Longjaw bigscale (Scopeloberyx robustus); 4. Pricklefish (Stephanoberyx
monae). (Illustration by Brian Cressman)
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Red whalefish

Barbourisia rufa

FAMILY
Barbourisiidae

TAXONOMY

Barbourisia rufa Parr, 1945, Gulf of Mexico.

OTHER COMMON NAMES

English: Velvet whalefish; Japanese: Aka-kujira-uo-damashi.

PHYSICAL CHARACTERISTICS

Length about 15.8 in (40 cm). Unusual, with very large mouth
(maxillae extend posteriorly well beyond level of eyes); teeth
present on entire length of jaws; single dorsal fin located far
posteriorly on back, close to caudal fin, with 20-23 rays; anal
fin terminating at same level of dorsal fin, with 14-18 rays;
pelvics (with 6 rays) and pectorals (with 12-14 rays) very small;
skin covered in minute protuberances (velvety to the touch);
lateral line very clearly demarcated by large-pored scales; col-

oration a uniform bright red.

DISTRIBUTION

Widespread but uncommon, occur in every major ocean usually
at low latitudes, but reported to reach as far north as Greenland.

HABITAT

Captured usually near the bottom or in midwater over continental
slopes and seamounts in depths of 394-6,562 ft (120-2,000 m).

Species accounts

BEHAVIOR

Benthopelagic, believed to be capable of vertical midwater mi-

grations for feeding.

FEEDING ECOLOGY AND DIET
Nothing known.

REPRODUCTIVE BIOLOGY
Presumably lays pelagic eggs.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
None known. &

Longjaw bigscale
Scopeloberyx robustus

FAMILY
Melamphaidae

TAXONOMY

Melampbhaes robustus Giinther, 1887, Eastern Atlantic.

OTHER COMMON NAMES

English: Ridgehead; Japanese: Tate-kabuto-uo.

Barbourisia rufa

Scopeloberyx robustus
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PHYSICAL CHARACTERISTICS

Length 2.8-3.9 in (7.3-10 cm). Head large (from 36 to 45% of
standard length), with many bony ridges and deep sensory
canals; elongate mouth reaching posteriorly well beyond rela-
tively small eyes; large cycloid scales; 19-25 gill rakers; single
dorsal fin originating at midlength, with 2-3 spines and 9-13
rays; anal fin posterior to dorsal, with a single spine and 7-9
rays; pelvic fins well posterior to head and with a single spine
and 6-8 rays; pectoral fins elongate, reaching to level of mid-
dorsal fin, with 11-14 rays; caudal fin with some 20 rays; small
teeth in 2—4 rows in upper and lower jaws. Coloration dark
brown (at least in preservative).

DISTRIBUTION

Cosmopolitan in all major oceans except the Mediterranean
Sea and Arctic Ocean. Reported to be common around the
Commander Islands.

HABITAT
Meso- and bathypelagic; adults usually at depths of 1,640
11,102 ft (500-3,384 m), juveniles in slightly shallower waters.

BEHAVIOR
Nothing known.

FEEDING ECOLOGY AND DIET
Unknown, but because of its relatively wide gape it may con-
sume fishes.

REPRODUCTIVE BIOLOGY
Probably lays pelagic eggs.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
None known. ¢

Hairyfish
Mirapinna esau

FAMILY
Mirapinnidae

TAXONOMY
Mirapinna esau Bertelsen and Marshall, 1956, Eastern Atlantic.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Size of only specimen 0.16 in (4 cm). Unusual appearance,
head region proportionally small; mouth upturned; pelvic fins
huge, projecting dorsally and located at throat, with 8 rays;
small pectoral fins located more dorsally, with 13 rays; caudal
fin divided into 2 distinct lobes that overlap; single dorsal fin
posteriorly located, with 16 rays; anal fin opposite dorsal fin,
with 14 rays; skin covered in hairlike protuberances; coloration
dark brown.

DISTRIBUTION
Known from a single specimen, caught north of the Azores in
the Eastern Atlantic.

HABITAT
Only known specimen was caught at the surface.
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Mirapinna esau

Stephanoberyx monae

BEHAVIOR
Nothing known.

FEEDING ECOLOGY AND DIET
Copepods were the only food item in the stomach.

REPRODUCTIVE BIOLOGY
Unknown; only known specimen is a juvenile female.

CONSERVATION STATUS
Not listed by TUCN.

SIGNIFICANCE TO HUMANS
None known. ¢

Pricklefish

Stephanoberyx monae

FAMILY
Stephanoberycidae

TAXONOMY
Stephanoberyx monae Gill, 1883, Western North Atlantic.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Length 3.9 in (10 cm). Head region proportionally large with
many ridges; round eyes; mouth large extending posteriorly be-
yond level of eyes; single dorsal fin located posteriorly, with 1-3
poorly developed spines and 11-13 rays; anal fin terminating at
level of dorsal fin, with 1-3 spines and 11-12 rays; pectoral fins
with 12-13 rays; pelvic fins rudimentary and abdominal, with 5
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rays; caudal fin with supports over and under caudal peduncle,
with 8-11 spines on upper and lower aspects; body covered in
scales that have small spines; coloration dark brown.

DISTRIBUTION
Western North Atlantic Ocean, the Caribbean Sea, and the
Gulf of Mexico.

HABITAT

Presumably bathypelagic or demersal in relatively deep waters
1,115-15,673 ft (340-4,777 m).
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FEEDING ECOLOGY AND DIET
Unknown, but its large gape suggests it may feed on fishes and
invertebrates.

REPRODUCTIVE BIOLOGY
Essentially unknown; two specimens measuring 3 in (8 cm)
were sexually mature.

CONSERVATION STATUS
Not threatened.

BEHAVIOR SIGNIFICANCE TO HUMANS

Nothing known. None known. ¢
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Beryciformes
(Roughies, flashlightfishes, and squirrelfishes)

Class Actinopterygii
Order Beryciformes
Number of families 7

Photo: Four splitfin flashlightfishes (Anomalops
katoptron), one with its lights off. (Photo by Fred
McConnaughey/Photo Researchers, Inc. Repro-
duced by permission.)

Evolution and systematics
The order Beryciformes encompasses 7 marine families,
29 genera, and about 140 species. The seven families are:

* Anomalopidae, the flashlightfishes or lanterneye fishes

* Anoplogasteridae (also spelled Anoplogastridae), the
fangtooth fishes

¢ Berycidae, the alfoncinos and redfishes

¢ Diretmidae, the spinyfins

* Holocentridae, the squirrelfishes and soldierfishes
* Monocentridae, the pineapplefishes or pineconefishes

¢ Trachichthyidae, the roughies or slimeheads

The order Beryciformes falls at the base of a large group-
ing of fishes collectively known as percomorphs. These ad-
vanced fishes include the order Perciformes, which comprises
a great diversity of fishes including cichlids, perches, blennies,
and barracudas. Like all other percomorphs, the beryciforms
have a characteristic linked arrangement of the pelvic and pec-
toral girdles. They differ from other percomorphs in the num-
ber of rays in the tail fin. Caudal rays in most percomorphs
number 17, but fishes in the Beryciformes order have 18 or
19. Systematists believe that as the fishes advanced evolu-
tionarily, the number of tail-fin rays decreased. The fact that
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the Beryciformes have a greater number of caudal rays places
them at the base of the percomorph lineage.

At one time, the order Beryciformes was larger and in-
cluded the beardfishes, whalefishes, gibberfishes, and prick-
lefishes. Systematists once classified beardfishes as primitive
beryciforms, but have now placed them in their own order,
the Polymixiiformes, which precedes the evolution of the
Beryciformes. The whalefishes, gibberfishes, and pricklefishes
are in the order Stephanoberyciformes, and accompany the
Beryciformes at the base of the percomorph lineage. The gen-
era of beryciform fishes have also undergone some changes
in classification. For example, the squirrelfishes have at one
time or another been classified under the genera Adioryx,
Flammeo, Holocentrus, Sargocentron, and Neoniphon, but the lat-
ter three are currently used.

The fossil record indicates that beryciform fishes occurred
at least as far back as the late Cretaceous period, and were
abundant. The group has persisted and is still quite common.

Physical characteristics

The Beryciformes are small- to medium-sized, spiny-rayed
fishes, 3-24 in (8-61 cm) long. They have big eyes, some have
colorful scales, and some have light organs beneath the eyes.
The order is also defined partly by the number of softer, flex-
ible rays in the ventral fin.
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Schooling in whitetip soldierfish. (lllustration by Wendy Baker)

The Holocentridae is the largest family within the Beryci-
formes. Encompassing both the squirrelfishes and soldier-
fishes, fishes in this family are typified by a reddish color from
head to tail and a noticeably forked tail. The trailing edges of
their scales often have spines (called spinoid scales); some have
spines on their gill covers.

Fishes in the family Anomalopidae, the flashlight or lantern-
eye fishes, are distinguished primarily by the obvious light or-

Atlantic flashlightfish (Kryptophanaron alfredi) have light organs below
their eyes. (Photo by Tom McHugh/Photo Researchers, Inc. Repro-
duced by permission.)
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gan under each eye. These fishes and the bioluminescent bac-
teria that generate the light have developed a symbiotic rela-
tionship that offers the bacteria a place to live, while giving
the fishes illumination, perhaps for attracting zooplankton
during night feeding and for intraspecific communication.
Light organs are also seen in other beryciform fishes, includ-
ing those in the family Monocentridae.

The monocentrids’ whimsical common names of the
pineapple and pineconefishes come from their beautiful, large
scales. Usually yellow, each scale has its own dark outline, fur-
ther accentuating an armorlike appearance. Like the holo-
centrids, species of the Monocentridae have spines poking
backward from each scale.

Trachichthyids are known mostly from one species, the or-
ange roughy (Hoplostethus atlanticus). This somewhat primi-
tive-looking fish, as well as other members of this family, are
distinguished by mucous cavities just beneath the skin of the
head. This trait accounts for their less-than-flattering alter-
nate common name of slimeheads.

Distribution
As a group, the beryciform fishes are found in tropical, sub-
tropical, and temperate waters nearly around the globe. The
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holocentrids occur worldwide in tropical waters, although
some venture further north or south. The alfoncinos and red-
fishes, spinyfins, and fangtooths prefer tropical to temperate
waters worldwide. The pineapplefishes share this affinity, but
remain in the Indian and Pacific Oceans. The flashlightfishes
occur in the tropical seas from the western Atlantic to the Pa-
cific; the roughy family favors the waters around Australia.

Habitat

Beryciform fishes cover a range of habitats. Some species,
such as many of the squirrelfishes, gravitate toward shallow, trop-
ical reefs. Others, such as the roughies, spend their lives in deep,
dark, ocean waters. Most roughies inhabit continental-shelf and
slope waters almost 5,280 ft (1,609 m) deep. Certain spinyfins
and fangtooth species share this preference for deep waters, and
live along the sea bottom 6,600 ft (2,012 m) down.

Beryciforms that live in shallow waters shun the light, usu-
ally tucking themselves under a coral overhang, backing into
a cave, or hiding below another structure during the day. Dur-
ing daytime excursions, divers frequently encounter squir-
relfishes poking out from some type of dark sanctuary.
Shallow-dwelling species sometimes maintain a daily routine
of descending into deep waters and remaining mostly inactive
during the day, then rising into the shallows at night to feed.
A few, such as the flashlightfishes, further avoid the light by
limiting their shallow-water forays to nights of a new moon,
or to the periods before the moon rises and after it sets.

Behavior

Perhaps the most notable characteristic of the beryciform
fishes is their ability to produce light, and in some cases, read-
ily control it. The light is the result of bioluminescent bacte-
ria that take up residence in pockets just below the skin of
various species, including the flashlight, pineapple, and
pineconefishes. Other beryciform fishes also have light or-
gans, including members in the genera Sorosichthys and Para-
trachichthys. As well as using the light to find and/or to attract

Hawaiian squirrelfish (Sargocentron xantherythrum) in a shipwreck near
Hawaii. (Photo by Andrew G. Wood/Photo Researchers, Inc. Repro-
duced by permission.)
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A flashlightfish, with its light organ glowing under its eye in an other-
wise dark background. Flashlightfish use the light organ at night to
look for prey and to communicate with each other. (lllustration by
Wendy Baker)

prey during their nocturnal feeding forays, in some cases these
fishes apparently employ the illumination as a means of com-
munication between members of the their own species and as
a method of confusing potential predators. This assumption
is based on observations of alterations in the blinking pattern
of the light when conspecifics approach one another or when
a predator swims nearby. The eyelight fish (Photoblepharon
palpebratus) can control its light production by lifting or drop-
ping a flap of skin over the light organ. Other species have
other ways of controlling the light.

Several beryciform species also make noises, either when
interacting with members of their own species or with other
fishes. The squirrelfishes are noted for their grunting and
clicking sounds, which they produce with the swim bladder.

Feeding ecology and diet

Beryciformes feed on small fishes and various inverte-
brates. The shallow-dwellers are primarily nocturnal feeders,
although some will feed on invertebrates passing through
their diurnal retreats. For example, squirrelfishes primarily
dine on the small fishes, various crabs, shrimps, and other
crustaceans and zooplankton they find in the reef at night,
but will take an invertebrate during the day if one happens to
wander nearby.
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A pineapplefish (Cleidopus gloriamaris) hides during the day in a rocky
opening. (lllustration by Wendy Baker)

Fishes in this order are known by their large eyes, which
allow them to see in low-light conditions. Some have the
added advantage of light organs, which assist in finding and
perhaps attracting prey. Species in the Monocentridae and
Anomalopidae use their light organs to fill their diet of crus-
taceans. The Australian pineapplefish (Cleidopus gloriamaris)
has light organs near the mouth and uses them like bluish
spotlights at night when it ventures out from its cave hideout
to find food. The similar-appearing pineconefish (Monocentris
Jjaponica) is believed to use its light organs to lure light-re-
sponsive prey after it has seen them rather than to find them
in the first place.

Predators for these fishes may include sea birds for shal-
low-dwelling species, as well as many of the larger, piscivo-
rous fishes of their habitat.

Reproductive biology
Little is known about the reproductive biology of the
Beryciformes. No observations or studies have shown her-
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Blotcheye soldierfish (Myripristus berndti) school in Hawaii. (Photo by
Andrew G. Wood/Photo Researchers, Inc. Reproduced by permission.)

maphroditism or sex reversal among the species; they are born
male or female and remain that way throughout their lives.
Scientists believe that all beryciform fishes have external fer-
tilization.

More is known about the reproduction in squirrelfishes,
because these fishes are common in reefs where they are fre-
quently observed by divers. During mating in the Hawaiian
squirrelfish (Sargocentron xantbherythrum), a male and female
grunt and click, align themselves side by side, and place their
tails together while fanning out their heads to the left and
right.

The mating of the red soldierfish (Myripristis murdjan) in
the Holocentridae, has also been observed. The male and fe-
male courtship ritual involves an inward-spiraling swimming
pattern between the two, followed by a quick, adjacent rise
through the water when both eggs and sperm are ejected for
fertilization.

Conservation status
No species of Beryciformes is listed by the TUCN.

Significance to humans

Various members of the Beryciformes are important in the
pet trade. The colors of the pineapplefishes and squirrelfishes
and the glowing organ of the flashlightfishes all draw inter-
est from aquarium keepers. Divers also appreciate the reds of
the shallow-dwelling squirrelfishes, even if they are mostly
viewed in dark crevices and other hiding spots during the day.
Several beryciforms, including the orange roughy, are com-
mercially harvested as food.
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1. Orange roughy (Hoplostethus atlanticus); 2. Common fangtooth (Anoplogaster cornuta); 3. Blackbar soldierfish (Myripristis jacobus); 4. Splitfin
flashlightfish (Anomalops katoptron); 5. Pineconefish (Monocentris japonica); 6. Squirrelfish (Holocentrus ascensionis). (lllustration by Wendy
Baker)
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Species accounts

Splitfin flashlightfish

Anomalops katoptron

FAMILY
Anomalopidae

TAXONOMY
Anomalops katoptron Bleeker, 1856, Manado, Sulawesi [Celebes],
Indonesia.

OTHER COMMON NAMES
English: Flashlightfish, great flashlightfish, Indian flashlightfish,
lanterneye fish; twofin flashlightfish; German: Lanternenfisch.

PHYSICAL CHARACTERISTICS

Reaches length of nearly 12 in (about 30 cm). The smaller
splitfins average about 4 in (10.2 cm) and live in shallower ar-
eas. Color brownish black. Has the typical large eye of the
beryciforms. They have two dorsal fins; the hindmost fin is tri-
angular and much larger than the front dorsal fin. Two light
organs are noticeable just beneath each eye.

DISTRIBUTION
Western South Pacific, from Malaysia east to the Tuamotu
Archipelago, and from the Great Barrier Reef up to southern

Japan.

HABITAT
Prefers deeper reef areas of 650-1,300 ft (200-400 m), but is
also seen in depths as shallow as 65 ft (20 m). During the day,

it remains hidden from sunlight, either in deep water or in
dark caves. In winter months, the species aggregates in the
warmer, shallower waters of the Philippines.

BEHAVIOR

Fishes in this species have a light-producing organ, and
regulate it using a muscular attachment that rotates the
gland, either to allow the bioluminescent bacteria to shine
forth or to hide the glow from view. The fishes can control
the light, which they use to communicate with conspecifics.
Splitfin flashlightfishes often travel in schools of 24 to

48 fish.

FEEDING ECOLOGY AND DIET

Uses its large light organ during feeding, which is primarily a
nocturnal activity. These fishes shun even dim external light,
opting to search for food before or after the moon has risen
and set, or on nights of a new moon. Their diet is mainly zoo-
plankton.

REPRODUCTIVE BIOLOGY
Little is known about the reproductive biology of the splitfin
flashlightfish, but they probably do not guard eggs.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS
Part of the aquarium trade; sometimes used as bait fish. &

Anoplogaster cornuta

Anomalops katoptron
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Common fangtooth
Anoplogaster cornuta

FAMILY
Anoplogasteridae

TAXONOMY
Anoplogaster cornuta Valenciennes, 1833, S. Atlantic.

OTHER COMMON NAMES
English: Common sabertooth, ogrefish; Spanish: Pez con
colmillos.

PHYSICAL CHARACTERISTICS

Can reach up to 6 in (15.2 cm) in length. Their huge head,
large mouth opening, and long, sharp teeth combine to give
these fishes a rather frightening appearance. With long spines
on their heads, the light-gray juveniles look quite different
from adults, and were identified as a separate species for many
years.

DISTRIBUTION
Temperate to tropical waters around the world.

HABITAT

Prefers deeper waters of 1,650-6,600 ft (500-2,000 m), but
some occur as far down as 16,100 ft (4,900 m). Juveniles will
venture almost to the surface.

BEHAVIOR
Fangtooths live singly or in small groups.

FEEDING ECOLOGY AND DIET

Adult fangtooths are mainly piscivores, feeding by opening
their large mouth to draw in prey. The young primarily subsist
on crustaceans.

Order: Beryciformes

REPRODUCTIVE BIOLOGY
Engages in external fertilization, and provides no parental care
to eggs or young. The larvae are planktonic.

CONSERVATION STATUS
Not listed by the TUCN.

SIGNIFICANCE TO HUMANS
None known. &

Squirrelfish

Holocentrus ascensionis

FAMILY
Holocentridae

TAXONOMY
Holocentrus ascensionis Osbeck, 1765, Acension Island.

OTHER COMMON NAMES
English: Common squirrelfish, longjaw squirrelfish, French:
Marignan coq; Spanish: Candil gallito.

PHYSICAL CHARACTERISTICS

A reddish, sometimes blotched, fish with a large dark eye.
Typically grows to about 12 in (30.5 cm), although reports ex-
ist of specimens twice that size. Has a double dorsal fin, with
the front fin comprising sharp spines and taking a yellowish
hue. The back fin is much taller, with flexible rays.

DISTRIBUTION
Gulf of Mexico and the western Atlantic Ocean from New
York to Brazil, and east to Bermuda. Eastern Atlantic in

Hoplostethus atlanticus

Holocentrus ascensionis
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Gabon, Angola, St. Paul’s Rocks, St. Helena, and Ascensién Is-
land.

HABITAT
Subtropical reefs with suitable structures for hiding during the

day. Commonly seen by divers in very shallow waters, but also
found at depths down to 590 ft (180 m).

BEHAVIOR

Remains hidden from view during the day, either in deeper
waters or in shallow-water crevices. May occur alone or in ag-
gregations of up to a few dozen fish. This species makes grunt-
ing and clicking noises.

FEEDING ECOLOGY AND DIET

Mainly nocturnal feeders, consuming crustaceans and other
invertebrates. Predators include sea birds and other fishes,
such as the common dolphinfish (Corphaena hippurus), mutton
snapper (Lutjanus analis), and yellowfin tuna (Thunnus
albacares).

REPRODUCTIVE BIOLOGY

Mating behavior includes a pairing of male and female,
during which they bring their tails together while their
heads face away from one another. The eggs are pelagic.
The larvae often venture far out to sea, and return to the
reefs as adults.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS
Enjoyed by divers in their natural habitat, squirrelfishes are
also part of the aquarium trade. ¢
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Blackbar soldierfish
Myripristis jacobus

FAMILY
Holocentridae

TAXONOMY
Myripristis jacobus Cuvier, 1829, Martinique Island, West In-
dies; Brazil; Havana, Cuba.

OTHER COMMON NAMES
English: Bastard soldierfish, roundhead conga; French:
Marignon mombin; Spanish: Candil de piedra.

PHYSICAL CHARACTERISTICS

Grow up to 10 in (25 cm) in length. Somewhat similar in
appearance to the squirrelfish, they are red with a large eye,
double dorsal fin, and forked tail, but also sport a brownish
black, vertical bar behind the gillcover that extends to the pec-
toral fin.

DISTRIBUTION
Gulf of Mexico and the eastern Atlantic, north to North Car-
olina and south to Brazil.

HABITAT
Reefs and other structures, including piers. Commonly seen by

divers in very shallow waters, but also found at depths to 330 ft
(100 m).

BEHAVIOR

Usually a solitary species, but small groups of up to 36 individ-
uals sometimes school. Under stress, blackbar soldierfishes will
make clicking and grunting noises with the swim bladder.

Myripristis jacobus

Monocentris japonica
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Divers have seen an occasional blackbar soldierfish swimming
upside down, and they commonly swim upside down in caves.

FEEDING ECOLOGY AND DIET

Nocturnal feeder. Eats shrimp and zooplankton. Predators in-
clude such fishes as the horse-eye jack (Caranx latus), West At-
lantic trumpetfish (Aulostomus maculatus), and Nassau grouper
(Epinephelus striatus).

REPRODUCTIVE BIOLOGY

Engage in external fertilization on days following a full moon.
While the adults prefer shallower reefs, the larvae may travel
well out to sea.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
Major part of the pet trade and a minor commercial food fish. &

Pineconefish
Monocentris japonica

FAMILY
Monocentridae

TAXONOMY
Monocentris japonica Houttuyn, 1782, Nagasaki, Japan.

OTHER COMMON NAMES

English: Dick bridegroom fish, Japanese pineapplefish, knight
fish, pine sculpin; French: Poisson ananas; German: Japanis-
cher Reuterfisch/Tannenzapfenfisch.

PHYSICAL CHARACTERISTICS

Can reach 6.5 in (16.5 c¢m) in length. Has large scales bordered
in black. The scales are armed with spines that point toward
the tail. The light organ is located near the mouth.

DISTRIBUTION
Southern Japan, spreading down to southern Australia, and
west to the Red Sea.

HABITAT

Prefers rocky reefs. The young are found in shallow waters of
10-20 ft (3 to 6.1 m); the adults inhabit depths of 60-700 ft
(18-213 m).

BEHAVIOR
Usually solitary or in pairs, but individuals sometimes congre-
gate in schools of 50-100.

FEEDING ECOLOGY AND DIET
Nocturnal feeder. Searches sandy sea bottoms for prey, which
includes small fishes, shrimps, and other invertebrates.

REPRODUCTIVE BIOLOGY
Mostly unknown, but they probably do not guard the eggs or
young.

CONSERVATION STATUS
Not listed by the ITUCN.
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SIGNIFICANCE TO HUMANS
Pineconefishes are a minor part of the aquarium trade. ®

Orange roughy

Hoplostethus atlanticus

FAMILY
Trachichthyidae

TAXONOMY
Hoplostethus atlanticus Collett, 1889, Florés, Azores, sta. 203,
1557 m.

OTHER COMMON NAMES

English: Deep sea perch, red roughy, slimehead; French: Ho-
plostéte orange; German: Degenfisch, Granatbarsch, Kaiser-
barsch; Spanish: Raloj anaranjado

PHYSICAL CHARACTERISTICS

Among the largest of the beryciform fishes, and possibly the
largest, with some specimens up to 29.5 in (75 cm) in length.
Has vivid orange-red coloration and a slightly jutting lower
jaw.

DISTRIBUTION
Disjunct populations in tropical, subtropical, and temperate
waters worldwide.

HABITAT
Prefers deep waters 590-5,900 ft (180-1,800 m) deep over
steep or rough structures, particularly seamounts.

BEHAVIOR

Apparently sedentary rather than migratory. Remains in deep
waters most of its life. Little is known about the young, but
they are believed to primarily inhabit deep waters, too.

FEEDING ECOLOGY AND DIET

Diet is made up of small fishes, shrimps, squids, and other in-
vertebrates. Predators include other fishes of their habitat, such
as basketwork eels (Diastobranchus spp.).

REPRODUCTIVE BIOLOGY

Large groups of orange roughies congregate in annual mating
schools. The schools may last one to two weeks, during which
mature adults (30 years old and more) spawn and then leave
the area. Females produce 10,000-90,000 eggs, which are fairly
large at 0.08 in (2 mm) and spherical. The eggs drift toward
the surface, where they hatch about two weeks later.

CONSERVATION STATUS

Although the orange roughy is not listed by the IUCN,
catches have been restricted to help ensure a continued com-
mercial harvest.

SIGNIFICANCE TO HUMANS

Best known as a commercial food fish, providing millions

of pounds of harvest each year. Commercial harvests are
now restricted, but past annual harvests have topped 100 mil-
lion pounds (45 million kg) in the waters off Australia and
New Zealand.
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Zeiformes
(Dories)

Class Actinopterygii
Order Zeiformes
Number of families 6

Photo: A Japanese boarfish (Pentaceros japonicus)
from costal Japan. (Photo by Mark Smith/Photo
Researchers, Inc. Reproduced by permission.)

Evolution and systematics

Fossils identified as zeiform fishes are confined to marine
habitats and are relatively young, ranging in age from
Oligocene to Holocene deposits. They have been found in Eu-
rope, the West Indies, South Africa, and Indonesia. The phy-
logenetic relationships of the Zeiformes were explicated by
Johnson and Patterson in their 1993 publication on the phy-
logenetic relationships of the percomorph fishes. They recog-
nized Zeiformes as a monophyletic taxon characterized by the
following shared derived characters. There is a distinctive con-
figuration of upright columnar processes on the dorsal ele-
ments of the gill arch skeleton. Baudelot’s ligament originates
immediately under the vagus foramen of the exoccipitals. The
distal part of the proximal middle radials of the dorsal fin ptery-
giophores is expanded laterally. The palatines have a special-
ized, mobile articulation with the ectopterygoid, which is
truncated dorsally. The metapterygoid is extremely reduced,
and a continuous median cartilage extends below the frontals
and between the ethmoid cartilage and pterosphenoids.

Based on what they term “admittedly tenuous evidence,”
Johnson and Patterson considered the Zeiformes to be the
sister taxon of a group making up the order Beryciformes and
a huge conglomeration of spiny-rayed fishes known as the
“percomorpha,” including the Perciformes, Pleuronecti-
formes (flounders, soles, etc.), Tetraodontiformes (trigger-
fishes and pufferfishes, among others), Scorpaeniformes
(scorpionfishes, gurnards, flatheads, and so on), Dactylopter-
iformes (helmet gurnards), Synbranchiformes (swamp eels,
spiny eels, and others), Elassomatidae (pygmy sunfish), Gas-
terosteriformes (pipefish, trumpetfish, etc.), Mugiloidei (mul-
lets), and Atherinomorpha (Atheriniformes, Beloniformes,
and Cyprinodontiformes).

The order Zeiformes comprises six families: Zeidae,
Parazenidae, Zeniontidae, Oreosomatidae, Grammicolepidae,
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and Caproidae. In their 1966 seminal paper on the phyloge-
netic relationships of teleost fishes, P. H. Greenwood and col-
laborators included the boarfishes (family Caproidae) in the
Zeiformes, but they presented no evidence to support this as-
signment. Heemstra excluded the Caproidae from the
Zeiformes in his 1980 taxonomic revision of the zeid fishes
of South Africa, and in the book Swmiths’ Sea Fishes, Heemstra
included the Caproidae in the order Perciformes. For the pur-
poses of this publication, the Caproidae are included in the
Zeiformes.

Much work remains to be done on the systematics of the
Zeiformes, and the classification adopted here is tentative.
The composition, definitions, and distinction of the families
Zeidae, Zeniontidae, and Parazenidae are unsettled. The
genus Cyttomimus (Gilbert, 1905) appears to be related closely
to Capromimus (Gill, 1893). Although these two genera seem
to be placed correctly in the Zeiformes, their affinity with any
of the families recognized here is unclear. The genus Macruro-
oyttus (Fowler, 1933) may belong in the Zeniontidae, but the
head of Macrurocyttus acantbopodus (Fowler, 1933) looks very
different from those of the two species of Zenion that are
known.

Physical characteristics

The body is deep, compressed, and oblong to disk-shaped.
The upper jaw is more or less protrusible, and there are
minute, slender, conical teeth in the jaws and vomer. Adults
range in size from the dwarf dory (Zenion hololepis) at 4 in (10
cm) to the 3-ft (90 cm), 12-Ib (5.3 kg) South African Cape
dory (Zeus capensis). Most species are silvery, bronzy, brown,
or reddish. The John Dory is silvery or bronzy, with indis-
tinct longitudinal dark stripes from head to tail and a con-
spicuous white or yellow-edged black ocellus in the middle of
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the body. The juvenile buckler dory (Zenopsis conchifer) is sil-
very and covered with scattered, vaguely defined black spots.
Dories can change from silvery to dark brown or gray in sec-
onds. Males and females are colored similarly.

Zeiform fishes can be recognized by the following combi-
nation of characters: five to ten dorsal fin spines; zero to four
anal fin spines; pelvic fins with one spine and five to seven
soft rays or no spine and six to 10 soft rays; a caudal fin with
11, 13, or 15 principal (segmented) rays, of which 9, 11, or
13 rays are branched; and unbranched dorsal, anal, and pec-
toral fin rays. The orbitosphenoid bone is absent, and there
is no subocular shelf or supramaxilla. There are seven or eight
branchiostegal rays, 3.5 gills (no slit behind the last hemi-
branch), 25-46 vertebrae, and a gas bladder.

Distribution

The order is represented in the western Atlantic from
Canada to Argentina, including the Gulf of Mexico and the
Caribbean Sea. In the eastern Atlantic, zeiforms are known
from the North Sea to South Africa, including the Mediter-
ranean, Black Sea, Azores, Madeira, Canary Islands, Cape
Verde Islands, and Saint Helena. In the Indian Ocean,
zeiforms occur along the east coast of Africa to the Gulf of
Aden, Oman, the Persian Gulf, Pakistan, India, Sri Lanka,
Maldives, and Madagascar and eastward to the Andaman Sea,
Burma, Thailand, Cambodia, Indonesia, Vietnam, Australia,
New Zealand, New Guinea, the Philippines, China, Taiwan,
Japan, and Korea. In the eastern Pacific, zeiforms range from
Canada to Chile.

Habitat

Most zeiform fishes are demersal, living near the bottom
of the continental shelf or upper continental slope region.
They range in depth from 110 to 5,084 ft (35-1,550 m). The
adult John dory (Zeus faber), and probably adults of some other
zeiform species, frequently occurs in midwater or near the
surface. Some species have a pelagic prejuvenile stage that
lives near the surface in the open ocean. Adults are found over
soft (sandy or muddy) or hard (rocky) substrata.
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Behavior

Little is known of the behavior of zeiforms, as they live
at depths where they are difficult to observe. Adults of the
John dory (Z. faber) are mainly solitary. The buckler dory (Z.
conchifer) often occurs in small aggregations.

Feeding ecology and diet

Zeiform fishes are carnivores; they feed mainly on a vari-
ety of fishes but also consume cephalopods and crustaceans.
Juveniles of the larger species and adults of the dwarf dories
(family Zeniontidae) and tinselfishes (family Grammicolepi-
dae) feed on zooplankton (e.g., copepods, pteropods, fish and
crustacean larvae). Adults of the larger zeiform fishes (John
dory and the buckler dory) are eaten only by large piscivo-
rous predators (e.g., some sharks, goosefishes [Lophus species],
and lancetfishes [Alepisaurus species)). Juveniles and adults of
small zeiforms (e.g., Zenion species) are subject to predation
by a variety of piscivores.

Reproductive biology

The sexes are separate. Females grow larger than males.
Spawning has not been observed, but zeiforms apparently are
“broadcast spawners,” with the eggs and sperm released into
the water column and fertilization taking place in the sea. The
eggs and larvae are pelagic and float near the surface; the eggs
are spherical, 0.04-0.1 in (1-2.8 mm) in diameter, with a sin-
gle oil globule. There are no reports of nests or egg guard-
ing or parental care in zeiform fishes.

Conservation status

None of the zeiform fishes are listed by the [IUCN. Some
populations probably are overexploited in areas where inten-
sive trawling takes place.

Significance to humans

The larger species of zeiforms are of some commercial im-
portance as food fishes. Most zeiforms are caught by trawlers,
but anglers also catch a few of the larger species.
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1. Buckler dory (Zenopsis conchifer); 2. John dory (Zeus faber); 3. Red boarfish (Antigonia rubescens); 4. Thorny tinselfish (Grammicolepis brachius-
culus); 5. Tinselfish (Xenolepidichthys dalgleishi). (lllustration by John Megahan)
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Species

Red boarfish

Antigonia rubescens

FAMILY
Caproidae

TAXONOMY
Antigonia rubescens Giinther, 1860, Japan.

OTHER COMMON NAMES
English: Pink boarfish.

PHYSICAL CHARACTERISTICS

Attains a total length (including the tail fin) of about 6 in (15
cm). The head and body are deep, greatly compressed, and
shaped like a disk or diamond; the body depth is more than
twice the head length. The dorsal head profile and the predor-
sal region are concave, and there is a bulge on the nape. The
body, cheeks, and operculum are covered with small ctenoid
scales. The mouth is small, and the upper jaw is shorter than
the eye diameter. The dorsal fin has nine spines and 27-30 soft
rays; the anal fin has three spines and 24-28 rays. The tail fin
has 10 branched rays. The body is pale reddish silvery, with a
dark red bar from the dorsal fin origin to the origin of the anal
fin; another red bar lies above and below the eye, and there is
a red band on the body at the rear of dorsal and anal fin bases.
The abdomen and lower rear part of the head are silvery
white.
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accounts

DISTRIBUTION
Japan, Midway Island northwest of Hawaii, Taiwan, Philip-
pines, China, and Australia.

HABITAT
Adults are usually caught with trawls near the bottom at depths
of 333-3,000 ft (100-900 m).

BEHAVIOR

The behavior of the red boarfish is poorly known, because it
lives too deep to be observed easily. They occur in large aggre-
gations, as many individuals may be caught in a single trawl

haul.

FEEDING ECOLOGY AND DIET

No information has been published on the diet of the red
boarfish. Probably feeds on plankton and small benthic inverte-
brates. Subject to predation by various piscivores that inhabit
the outer shelf and slope region (e.g., sharks, lancetfishes, and
gempylids).

REPRODUCTIVE BIOLOGY
Poorly known. Probably a broadcast spawner, with pelagic eggs
and larvae.

CONSERVATION STATUS
Not listed by IUCN.

SIGNIFICANCE TO HUMANS
None known. ¢

Antigonia rubescens

Grammicolepis brachiusculus
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Thorny tinselfish

Grammicolepis brachiusculus

FAMILY
Grammicolepidae

TAXONOMY
Grammicolepis brachiusculus Poey, 1873, Cuba.

OTHER COMMON NAMES
English: Diamond dory, deepscale dory; Spanish: Palometa
oropel.

PHYSICAL CHARACTERISTICS

Attains a total length (including the tail fin) of about 2 ft, 5 in
(72 cm) and a weight of 9 1b (4 kg). The head and body are
deep, very compressed, and shaped like an oblong disc, or din-
ner platter; juveniles are diamond-shaped. The body, cheeks,
and operculum are covered with vertically elongated scales. The
mouth is small, and the maxilla has two or three ridges, bound
to the ascending processes of the premaxillae and loosely con-
nected to the palatines. The jaws have one or two rows of
minute, slender teeth, and the vomer may or may not have three
or four minute, slender teeth. There are two dorsal fins, the first
with six to seven spines and the second with 31-34 unbranched
soft rays. The anal fin has two spines and 33-35 unbranched
rays. The tail fin has 13 branched rays. The pelvic fins have one
spine and six branched rays; there is a row of 34-36 small spines
along each side of the dorsal and anal fin bases.

Juveniles have a greatly elongated first anal fin spine and
second dorsal fin spine. The pelagic juvenile stage (4-8 in, or
10-20 cm in standard length) looks quite different from the
adult. The body is more compressed and angular, with 10-13
prominent, flattened, bladelike, spiny scutes projecting laterally
from the surface of each side of the body. Each scute is an out-
growth from a scale whose basal part is divided, overlapping
both sides of the one behind. On the base of the larger scutes
are retrorse spinules. The scutes become smaller as the fish
grows, and they eventually shrink to nothing as the fish trans-
forms to an adult at about 10-12 in (25-30 cm). Adults are sil-
very in color, with bronze reflections. Juveniles are silvery,
with irregular black blotches on the body, black spots on the
tail fin, and 5 black bars on anal fin.

DISTRIBUTION

Tropical and temperate waters of the eastern Atlantic from
France to South Africa; also known from Japan, Hawaii, Aus-
tralia, and the western Atlantic from Canada to Suriname.

HABITAT

Adults usually are caught with trawls near the bottom, at
depths of 1,333-3,000 ft (400-900 m).

BEHAVIOR
The behavior of the thorny tinselfish is poorly known, as this
species has yet to be observed in shallow water.

FEEDING ECOLOGY AND DIET

No information has been published on the diet of the thorny
tinselfish. It probably feeds on plankton and small benthic in-
vertebrates. Juveniles are subject to predation by a variety of
piscivores. Adults are eaten by some large sharks and
lancetfishes.

REPRODUCTIVE BIOLOGY
Poorly known. Probably a broadcast spawner with pelagic eggs
and larvae.
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CONSERVATION STATUS

Not listed by the ITUCN. Its apparent rarity may be due to the
difficulty in sampling fishes from depths of 1,333-3,000 ft
(400-900 m).

SIGNIFICANCE TO HUMANS
None known. ¢

Tinselfish
Xenolepidichthys dalgleishi

FAMILY
Grammicolepidae

TAXONOMY
Xenolepidichthys dalgleishi Gilchrist, 1922, Natal, South Africa.

OTHER COMMON NAMES
English: Diamond dory; spotted tinselfish.

PHYSICAL CHARACTERISTICS

Attains a total length (including tail fin) of about 6 in (15 cm).
The head and body are greatly compressed and vertically elon-
gated, shaped like a flattened diamond. The body, cheeks, and
operculum are covered with vertically elongated scales. The
mouth is small and the maxilla, which has two or three ridges,
is bound to the ascending processes of the premaxillae and
loosely connected to the palatines. The jaws have one or two
rows of minute, slender teeth; the vomer has a few minute,
slender teeth. There are two dorsal fins, the first with five
spines and the second with 27-30 unbranched soft rays. The
anal fin has two spines and 27-29 unbranched rays. The tail fin
has 13 branched rays, and the pelvic fins have one spine and
six branched rays. There is a row of 29 small spines along each
side of the dorsal fin and 26-27 small spines along the anal fin
base. Juveniles have a greatly elongated (two or three times the
length of the fish) first anal fin spine and second dorsal fin
spine. The body is silvery with scattered, round black spots;
the rear margin of tail fin is dusky.

DISTRIBUTION

Western Atlantic from Canada to southern Brazil and eastern
Atlantic from Senegal to South Africa; also in Japan, Taiwan,

Philippines, Australia, New Zealand, New Caledonia, Fiji, and
Tonga.

HABITAT

Usually taken near the bottom in depths of 666-1,333 ft
(200400 m) but also taken in midwater and at the surface of
the open ocean.

BEHAVIOR
The behavior of the tinselfish is poorly known, as this species
is rarely observed in shallow water.

FEEDING ECOLOGY AND DIET

There is no information. Probably feeds on zooplankton and
small benthic invertebrates. The tinselfish is prey for some
sharks, lancetfishes, scombrids, carangids, and gempylids.

REPRODUCTIVE BIOLOGY
There is no information. Probably a broadcast spawner.

CONSERVATION STATUS
Not listed by ITUCN.
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Xenolepidichthys dalgleishi

SIGNIFICANCE TO HUMANS
None known. ¢

Buckler dory

Zenopsis conchifer

FAMILY
Zeidae

TAXONOMY
Zeus conchifer Lowe, 1852, Madeira.

OTHER COMMON NAMES
English: Mirror dory (Australia), sailfin dory, silvery John
Dory; Portuguese: Peixe galo, falo branco.

PHYSICAL CHARACTERISTICS

Attains a total length (including the tail fin) of 2 ft, 8 in (80
cm) and a weight of 9 Ib (4 kg). The head and body are very
compressed and shaped like an oblong disc, or dinner platter.
The dorsal head profile is slightly concave. Dorsal fin spines of
the adult are elongated and filamentous. The body has no
scales. There is a row of five to eight bony bucklers, each with
a strong spine, along each side of the bases of the anal and
both dorsal fins. There are two or three bucklers on the isth-
mus and ventral midline of the chest in front of the pelvic fins
and seven or eight pairs of bucklers (ridged bony scutes) along
the ventral midline of the abdomen, from the base of the pelvic
fins to the first anal fin spine. The thoracic region is com-
pressed. The pelvic fins are large and close together, inserted
on the chest below the eyes and well in front of the pectoral
fins. Each has six or seven soft rays. The first pelvic ray could
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be considered a spine, because it is unbranched and not seg-
mented, but (unlike the pelvic fin spine of Zeus ) it is a biserial
(double) ray. There are five to eight bony bucklers (enlarged,
platelike scales) along the base of the soft dorsal and anal fins
and seven to 10 pairs of spiny scutes along the belly, from the
base of the pelvic fins to the anus. The dorsal fin has nine to
10 spines and 24-27 rays; the anal fin has three spines (the first
two movable and the third fixed) and 24-26 rays. The caudal
fin has 11 branched rays; the pectoral fins are much smaller
than the pelvic fins, with 12 or 13 rays. Dorsal, anal, and pec-
toral fin rays are unbranched. Adults are silvery with a faint,
dusky mid-lateral spot above the pectoral fin and below the lat-
eral line. Small juveniles, 1-4 in (2-10 cm) long, are covered
with scattered small black spots.

DISTRIBUTION

Mainly continental. Western Atlantic from Canada to Argentina,
including the Gulf of Mexico and Caribbean Sea, and eastern
Atlantic from France and British Isles to South Africa. Also in
the Indian Ocean from South Africa to Kenya and India.

HABITAT

Adults are found over soft (sandy or muddy) or hard (rocky)
substrata. They are demersal, usually caught near the bottom
of the continental shelf or upper continental slope region at
depths of 33-1,188 ft (10-360 m). Occasionally found in mid-
water well above the bottom.

BEHAVIOR

The behavior of the buckler dory is poorly known, as this
species is rarely observed in shallow water. Adults usually are
found in aggregations near the bottom. A slow, stalking, am-
bush-predator mode of hunting is assumed, and the greatly
protrusible upper jaw compensates for the feeble swimming
musculature.
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FEEDING ECOLOGY AND DIET

Feeds on demersal fishes, crustaceans, and cephalopods and of-
ten makes excursions above the bottom to feed on midwater
fishes. Prey species selection is influenced by availability and
accessibility. The dominant species in the diet is likely to be
the most abundant prey in the habitat. Adult buckler dory have
few predators other than great white sharks and goosefish
(Lophius spp.). Juveniles are likely prey for most piscivorous
predators.

REPRODUCTIVE BIOLOGY
Reproduction is similar to that of the John dory (see following
account).

CONSERVATION STATUS

Not listed by ITUCN. The species is taken as bycatch in various
trawl fisheries in the North Atlantic, off southern Brazil,
Namibia, and South Africa. There are no fishing regulations or
catch data that apply specifically to the buckler dory.

SIGNIFICANCE TO HUMANS
None known. ¢

John dory
Zeus faber

FAMILY
Zeidae

TAXONOMY
Zeus faber Linnaeus, 1758, habitat in Pelago.

Order: Zeiformes

OTHER COMMON NAMES

French: Saint-Pierre; German: Heringskonig; Spanish: Pez de
San Pedro, gallo de San Pedro, barbero, gallo barbero; Por-
tuguese: Peixe galo.

PHYSICAL CHARACTERISTICS

Attains a total length (including the tail fin) of 3 ft (90 cm) and
a weight of 18 Ib (8.2 kg). The head and body are very com-
pressed and shaped like an oblong disc, or dinner platter. The
dorsal head profile is straight. The dorsal fin spines of the
adult are greatly elongated and filamentous. Scales are minute,
cycloid, and embedded; there are five to eight bony bucklers
(enlarged, platelike scales) along the base of the soft dorsal and
anal fins and seven to 10 pairs of spiny scutes along the belly
from the base of the pelvic fins to the anus. The dorsal fin has
nine to 11 spines and 22-24 rays, and the anal fin has four
spines and 20-23 rays. Dorsal, anal, and pectoral fin rays are
unbranched, and the caudal fin has 11 branched rays. The
pelvic fins are enlarged, situated below and slightly in front of
the pectoral fins, with one spine and six or seven branched
rays. The pectoral fins are much smaller than the pelvic fins.

The head and body are silvery to olive-brown, with a con-
spicuous yellow or white-edged, blue-black ocellus on the mid-
dle of the body below the lateral line. The body often has
indistinct dark, wavy stripes. The dorsal fin spine filaments are
white. Juveniles are small, about 1 in (2-3 cm) long. Color is
brownish, with small black spots along the base of the median
fins, curved white and black stripes on the head and body, and
the usual round black spot on the middle of the body below
the lateral line.

DISTRIBUTION
Eastern Atlantic from the North Sea to South Africa, including
the Mediterranean Sea, Black Sea, Azores, Madeira, and Ca-

Zeus faber

Zenopsis conchifer
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nary and Cape Verde Islands and along the west coast of Africa
to Namibia. In the western Indian Ocean from South Africa to
Somalia and India. In the western Pacific in Indonesia, the
Philippines, China, Taiwan, Japan, Australia, and New
Zealand. Not known from the eastern Pacific or western At-
lantic.

HABITAT

Adults are found over soft (sandy or muddy) or hard (rocky)
substrata; they are demersal, usually caught near the bottom of
the continental shelf or upper continental slope region at
depths of 33-1,188 ft (10-360 m). Adults also frequently occur
in midwater or near the surface.

BEHAVIOR

Adults usually are solitary, although they probably congregate
for spawning. They typically occur near the bottom, but they
often make excursions above the bottom to feed on midwater
fishes. With its greatly compressed head and body, large
mouth, and extremely protrusible upper jaw, the John Dory is
a successful ambush predator. It slowly approaches an unsus-
pecting small fish by means of undulating waves of the trans-
parent soft dorsal and anal fins. In one quick motion it drops
the “trapdoor” lower jaw, shoots out the upper jaw, and ex-
pands the gill cavity, sucking in the hapless prey along with a
considerable volume of water.

FEEDING ECOLOGY AND DIET

The John dory is a carnivore, feeding primarily on fishes, crus-
taceans, and cephalopods. Prey species selection is influenced by
the availability and accessibility of prey. The dominant species
in the diet is likely to be the most abundant prey in the habitat.
In the North Atlantic, juveniles, 3-10 in (8-25 c¢m), feed mainly
on benthic fishes, for example, dragonets (family Callionymi-
dae) and Norway pout (family Gadidae). Adults, 10-22 in
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(25-56 cm), switch to a diet of larger schooling fishes, primarily
blue whiting, Micromesistius poutassou (Risso, 1826), and
snipefish, Macroramphosus scolopax (Linnaeus, 1758), of the fam-
ily Macroramphosidae. Adults have few predators, except for
great white sharks and goosefishes (Lophius spp.). Juveniles are
probably eaten by piscivorous predators.

REPRODUCTIVE BIOLOGY

The John dory is a broadcast spawner. The eggs and sperm are
shed simultaneously into the water, where fertilization takes
place. In the northeastern Atlantic, spawning occurs in April or
May. The eggs and larvae are pelagic; the eggs are small (0.1
in or 2 mm diameter) and spherical, with a large oil globule.
No nest building or parental care has been reported for the
species. In the North Atlantic, John dory males mature in their
second or third year at a length of about 10 in (26 cm), and
they may live to an age of 13 years. Females are three or four
years old when they become mature at a length of 14 in (35
cm). They grow larger than males do, and they may live 15
years. In New Zealand waters males attain maturity at 11.8 in
(30 cm) in two years; their growth then slows considerably,
with a maximum size of about 15.7 in (40 cm) and an age of
nine years. Females grow faster and attain a maximum size of
about 18.1 in (46 cm) and an age of nine years.

CONSERVATION STATUS

Not listed by TUCN. As of 1998 there were no regulations re-
garding John dory fishery in the English Channel or in Aus-
tralian waters. The species is taken as bycatch in the trawl
fisheries of the eastern Atlantic, South Africa, Australia, New
Zealand, Indonesia, Philippines, Taiwan, and Japan.

SIGNIFICANCE TO HUMANS
The John dory is prized as a food fish and is of commercial
importance because of its high price in fish markets.
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Gasterosteiformes

(Sticklebacks, seaborses, and relatives)

Class Actinopterygii
Order Gasterosteiformes
Number of families 11

Photo: The ornate, or harlequin, ghost pipefish
(Solenostomus paradoxus) is a well-disguised sea-
horse relative that is rarely seen due to its highly
effective camouflage. Here it is swimming by a
sea fan. (Photo by Robert Yin/Corbis. Reproduced
by permission.)

Evolution and systematics

The evolutionary affinities and composition of the Gas-
terosteiformes have been the subject of much debate;
presently they are considered to be closely related to the
teleost fish orders Synbranchiformes (swamp eels), Elasso-
matiformes (pygmy sunfish, Elassoma), Mugiliformes (mul-
lets), and the collective Atherinomorpha (silversides,
needlefishes, killifishes, and allies) and are placed with them
in the larger group Smegmamorpha. Smegmamorphs are
characterized by a unique configuration of the first vertebra
and its associated intermuscular bone. Within this group, gas-
terosteiforms may be more closely related to the Syn-
branchiformes, but relationships within smegmamorphs are
still the subject of controversy. The smegmamorphs, in turn,
are closely related to the largest of all teleost groups, the Per-
comorpha. This evolutionary arrangement is the most recent
and best-supported hypothesis based on morphological evi-
dence, but alternative schemes of relationship have been pro-
posed (including molecular studies), and a true consensus has
not yet emerged.

The Gasterosteiformes, as described in this chapter, com-
prises two suborders, the Gasterosteoidei and the Syng-
nathoidei. Other authors sometimes have recognized these as
separate orders, but evidence exists that they are each other’s
closest relative and therefore warrant being classified to-
gether. Gasterosteiformes share various specializations, such
as pelvic bones without anterior processes, absence of Baude-
lot’s ligament (a stout ligament connecting the shoulder gir-
dle to either the posterior cranial base or an anterior
vertebra—also absent in synbranchiforms), certain features of
their branchial and caudal skeletons, and a particular config-
uration of their scales, which are represented by enlarged
scutes, or plates. (Scales are absent in Hypoprychus, Aulostomus
has small ctenoid scales, and Fistularia has embedded spines).
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The extent to which these features (and others) are truly in-
dicative of a common ancestry for Gasterosteiformes is not
completely understood.

The Gasterosteoidei includes the following families: Hy-
poptychidae (for the sand eel, Hypoptychus dybowskii),
Aulorhynchidae (tubesnouts, two monotypic genera), Indos-
tomidae (Indostomus, with three species), and Gasterosteidae
(some five genera and, conservatively, seven spp.). The Syn-
gnathoidei comprises the families Syngnathidae (seahorses
and pipefishes, with about 52 genera and 220 spp.), Aulosto-
midae (trumpetfishes, Aulostormus, with some three spp.), Fis-
tulariidae  (cornetfishes, Fistularia, with four spp.),
Macroramphosidae (snipefishes, three genera with 12 spp.),
Centriscidae (shrimpfishes, two genera with four spp.),
Solenostomidae (ghost pipefishes, Solenostormus, with some
four spp.), and Pegasidae (seamoths, two genera with five
spp.). Altogether, the order Gasterosteiformes is represented
by 11 families, 70 genera, and at least 265 species, but unde-
scribed species have been discovered (including some 20
species of pipefishes and seahorses), and numerous nominal
species presently in synonymy, in fact, may be valid (such as
for sticklebacks). Much work remains to be done concerning
their taxonomy, and the phylogenetic position of Indostomus
is still debated.

The fossil record of the Gasterosteiformes is extensive and
dates back at least some 75 million years to the Calcare di
Mellissano deposits near Nardo, in southeastern Italy (Apu-
lia). This early fossil, Gasterorbamphosus zuppichinii, is known
from skeletal remains and is similar to modern snipefishes.
Additional gasterosteiform fossils, known from more or less
complete skeletons, have been described from the extensive
Monte Bolca beds of northeastern Italy (dating back some 52
million years). These include representatives of the Syng-
nathidae (at least five genera), Solenostomidae (some three
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Breeding habits of the yellow seahorse (Hippocampus kuda): 1. Prenuptial courtship—male on right; 2. Nuptial embrace—female ejects eggs into
male’s pouch; 3. After gestation period, male shoots or pumps babies out of his pouch. (lllustration by Gillian Harris)

genera), Centriscidae (three genera), Aulostomidae (four
genera), and Fistulariidae (some three genera and four spp.).
The actual number of species from Monte Bolca is difficult
to estimate with precision, but this formation represents the
greatest extinct diversity of the order. The gasterosteiform
species present in both the Nardo and Monte Bolca deposits
were inhabitants of the former Tethys Ocean, which sepa-
rated the extinct continents Laurasia and Gondwana during
much of the Cretaceous and Tertiary periods. Other fossils,
mostly represented by fragmentary material and allied to the
Aulostomidae and Fistulariidae, are known from Turkmenia,
in deposits almost contemporaneous with Monte Bolca. Fos-
sil sticklebacks have been found in the Tertiary of Califor-
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nia (Monterey Formation) and Siberia. Tertiary pipefishes
have been described from the Modelo and Puente Forma-
tions of southern California as well as from the Caucasus and
Carpathian Mountains of eastern Europe.

Physical characteristics

The morphological characteristics of various gas-
terosteiform families are highly modified and specialized;
some of the members of this order are among the most mor-
phologically interesting of all fishes. Some forms are more
pelagic and streamlined (e.g., aulorhynchids), whereas others
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A threespine stickleback (Gasterosteus aculeatus) male deposits his
sperm in the nest after a female has spawned. (Photo by Animals An-
imals © D. Thompson, OSF. Reproduced by permission.)

are benthic and highly cryptic (e.g., pegasids). Many forms
are elaborately camouflaged and blend in perfectly with their
surroundings (some of the most notable examples are Syng-
nathus typhle, Solenostomus cyanopterus, and Histiogamphelus
cristatus); some syngnathid species have been discovered only
after their particular substrate was collected and examined.
Additionally, some species carry algal growths and complex
dermal projections that further aid in their concealment (the
most striking example may be the leafy seadragon Phycodurus
eques), and many species have the ability to change color at
will (e.g., Aulostomus chinensis). Most species have the head and
body on the same plane, as in “typical” fishes, but seahorses
have the head at more or less a right angle to the body, a
unique condition among fishes.

There is much morphological variation among the fami-
lies and subfamilies, and many are recognized easily by their
unique designs. Gasterosteids (sticklebacks) resemble more
“typical fishes,” with an unmodified head and clearly demar-
cated fins, but most gasterosteiforms have elongated snouts,
with small upturned mouths, and may lack some fins or even
all of them (Bulbonaricus). The snout may be absent (Bul-
bonaricus); truncated (Histiogamphelus); mildly elongated (In-
dostomus); or very long and tubular, reaching up to one-third
of their total length (e.g., Aulostomus and Fistularia). The
mouth usually is very small, located at the end of the snout
(exceptin pegasids, where the mouth is underneath the snout),
and most species lack teeth. The eyes typically are round and
vary from large to small. Most species have very slender and
elongated bodies, but gasterosteoids (except Indostomus) and
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some syngnathoids (e.g., Macroramphosidae, Centriscidae)
are laterally compressed.

The fins typically are highly modified. They have either
one or two dorsal fins; the single dorsal fin may be preceded
by numerous spines (gasterosteoids, Aulostomus), but in some
forms the spines represent the first dorsal fin (Solenostomus,
centriscids, and macroramphosids). In most species, however,
there is a single dorsal fin with soft rays only. Pelvic fins are
absent in Hypoptychus and syngnathids, and the caudal fin is
absent in most syngnathids. Many syngnathids have prehen-
sile tails that enable them to cling to soft corals and algae.
Most gasterosteiforms are covered in bony plates, scutes, or
rings and have numerous elaborate dermal projections on the
head, body, and tail. There is also great morphological vari-
ation internally (e.g., lack of true stomachs in seahorses and
reduction of the number of cephalic bones in many species).
Details of the morphological features of the different families
are elaborated in the species accounts.

Gasterosteiforms are among the most colorful fishes, dis-
playing a wide spectrum of colors and patterns. There is also
much diversity in coloration within certain species, and some
individuals may change color while breeding or to blend into
different backgrounds. Every conceivable color pattern
seems to be present within the order, as some species com-
bine strong colors (e.g., red, orange, yellow, green, white,
black, and blue) with spots, blotches, ocelli, mottlings, and
stripes of various kinds. Gasterosteiformes also vary consid-
erably in size, from some 0.8 in (2 cm) in length among
pygmy seahorses to more than 4.9 ft (1.5 m) for cornetfishes
(Fistularia).

A big-bellied seahorse (Hippocampus abdominalis) female deposits
eggs into a male’s pouch. (Photo by Animals Animals ©R. Kuiter, OSF.
Reproduced by permission.)
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A leafy seadragon (Phycodurus eques) near Kangaroo Island, Australia.
Unlike seahorses, seadragons do not have a pouch for rearing the
young. Instead, the male carries the eggs fixed to the underside of
his tail until they hatch. (Photo by Animals Animals ©James Watt. Re-
produced by permission.)

Distribution

Worldwide in tropical and temperate marine waters as well
as in temperate freshwaters of the Northern Hemisphere.
Species are more abundant in the tropical Indo-West Pacific
region, where several undescribed pipefish species are known.
Some species are widespread (e.g., the red cornetfish, Fistu-
laria petimba), whereas others are very restricted in distribu-
tion (e.g., Festucalex cinctus off central New South Wales and
southern Queensland, Australia). A few species with wide dis-
tributions, such as Hippocampus erectus and Doryrhamphus
dactyliophorus, may require subdivision.

Habitat

Most species are coastal residents, present in shallow con-
tinental shelf areas in a variety of habitats, such as coral reefs,
atolls, offshore reefs, sea grass meadows, kelp forests, tide
pools, estuaries, bays, and lagoons and over sandy or muddy
bottoms. Many species live cryptically, hiding among rocks
and crevices in reefs or blending in with gorgonian corals or
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sea grasses. Many species have pelagic young, which eventu-
ally settle closer to the bottom. Some 20 gasterosteiform
species are freshwater (at least one stickleback is exclusively
so, along with Indostomus and pipefishes of the genera Mi-
crophis, Hippichthys, and Dorichthys) and are present in a vari-
ety of habitats, including lakes, coastal rivers, creeks, marshes,
and protected coastal inlets. Some 40 species are euryhaline,
found in brackish environments. As far as is known, no species
occurs in deep-water environments.

Behavior

Gasterosteiforms are diurnal as far as is known. Most
species are solitary or live in pairs or small groups or some-
times in larger groups (e.g., aulorhynchids). Many species
have pelagic young, but most adults are benthic. A few species,
such as macroramphosids and aulorhynchids, form schools,
sometimes containing thousands of individuals. Most species
remain in association with soft corals, hard corals (Hippocam-
pus barbouri), algae, sea grasses, or other substrates, where they

A short-nosed seahorse (Hippocampus breviceps) male giving birth.
(Photo by Animals Animals ©R. Kuiter, OSF. Reproduced by permis-
sion.)
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are well camouflaged; in many cases they grasp the reef with
their prehensile tails. Many species appear sluggish owing to
their somewhat sedentary lifestyle and lack of ability to move
very swiftly. Syngnathids swim by a combination of move-
ments of their pectoral and dorsal fins, and some species swim
by moving their tails from side to side. Many syngnathids ap-
pear to hover in one location, controlling their position by
coordinated movements of their pectoral and dorsal fins.
Some pipefishes (e.g., Heraldia) are able to swim in an upside-
down position in caves and crevices. Centriscids remain in a
vertical position, with their mouths directed toward the bot-
tom, sometimes in association with urchins. Species of
pipefishes, Solenostomus, Aulostornus, and macroramphosids
also maintain a vertical position at times. Many species can
change their coloration according to their background, using
this ability to sneak up on prey or to hide from predators.
Some species, especially pipefishes (e.g., Doryrbamphus spp.),
have been documented to clean other fishes (e.g., moray eels
and damselfishes), removing their parasites while in reefs.

Feeding ecology and diet

Most syngnathoids feed on a wide variety of small crus-
taceans (e.g., copepods and mysids), sometimes almost exclu-
sively, as well as on other small invertebrates and the larvae
of other fishes. The larger species, such as cornetfishes and
trumpetfishes, also feed on larger fishes. Most gasterosteiform
species ingest prey whole by quickly opening their mouths to
produce a strong inward current, a suction mechanism called
pipette feeding. In this manner, large prey items cannot be
ingested, owing to the small terminal mouths, lack of teeth,
and tubular snouts of many syngnathoid species. Most prey
items are ingested from the substrate or when just hovering
above it. Many gasterosteiforms rely on their highly devel-
oped camouflage to surprise prey items. This is the case in
numerous species of pipefishes that slowly cruise over sandy
bottoms with sea grasses, feeding on small crustaceans that
fail to perceive them as a result of their cryptic appearance.
Many species feed on small mysids and other crustaceans that
are more free-swimming as well as fish larvae; they remain in
strategic positions along the fringes of reefs, where they are
exposed to currents that may contain these prey items. Some
species, however, eat primarily in the water column (e.g.,
macroramphosids and aulorhynchids). Gasterosteiforms are
preyed upon by larger carnivorous fishes, such as flatheads
(Platycephalidae) and snappers (Lutjanidae). Because they
move slowly, gasterosteiforms are ingested easily once they
are discovered.

Reproductive biology

A great variety of reproductive strategies occur in this or-
der, including some of the most elaborate known for any
group of fishes. In a few families (Centriscidae, Macroram-
phosidae, Pegasidae, and perhaps Aulorhynchidae), the eggs
and larvae are pelagic, and spawning probably is accomplished
(at least in some of these families) in a style similar to broad-
cast spawning, in which eggs and sperm are released directly
into the water column. In pegasids, spawning involves a
courtship ritual whereby a female and a male swim vent to
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A ringed pipefish (Doryrhamphus dactyliophorus) over lava sand in the
Lembeh Strait, Sulawesi, Indonesia. (Photo by Fred McConnaughey/
Photo Researchers, Inc. Reproduced by permission.)

vent, releasing eggs and sperm simultaneously. In other fam-
ilies, reproduction is a far more complex process in which the
male carries the eggs, sometimes in a special pouch, within
which the eggs may be fertilized. In Solenostomus, the females
carry the fertilized eggs in pouches made of their greatly ex-
tended pelvic fins, repeatedly opening and closing them to fan
the eggs. As a preliminary behavior to spawning, many species
employ complex courtship rituals, in which males compete for
the female by dancing, inflating their pouches, or performing
in some other way. A male stickleback lures the female into
his nest and fertilizes the eggs there, sometimes attracting sev-
eral females in succession. Some species are reproductively
active throughout the year, whereas others are seasonal. Many
species of syngnathids form monogamous pairs.

Reproduction has been studied in detail for many syng-
nathids. In seahorses, the females insert their eggs into the
pouch of the males, using an abdominal projection known as
the ovipositor (an everted egg duct); the eggs are fertilized by
the sperm located in the pouches. During this process the
male and female face each other. Inside the pouch the eggs
are enveloped in tissue that supplies oxygen to the eggs
(through diffusion from capillaries) as well as hormones by
bathing the small portion of the egg that protrudes from the
surrounding tissue. The pouch remains sealed. The male car-
ries the eggs to term (incubation may last from 10 days to six
weeks, depending on the species and surrounding tempera-
ture), during which time he appears very pregnant. The male
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actively expels the young (by forcefully moving back and
forth) over a period of a few hours through an opening at the
top of the pouch. Usually, about 100 young are born in this
manner, but some species produce up to 400 young, whereas
others produce between 10 and 50 (measuring close to 0.4 in,
or 1 cm); pairs may have several broods in one year. The
young do not receive any further parental care and are on
their own immediately after birth. Young may congregate,
and their sexes can be distinguished after a few months, when
the pouches of the males become apparent (i.e., when they
become sexually mature). Young resemble adults shortly af-
ter birth. As many as 1,000 young are produced per year by
each couple in this manner, although the actual number varies
between species, as reproduction may occur continuously.

Many pipefish males carry the eggs in the anterior tail re-
gion (just underneath the dorsal fin) without enclosing them
in a pouch, fertilizing the eggs when they are deposited. The
eggs are clearly visible in these cases. Courtship has been ob-
served in detail in the species Corythoichthys isigakius from
Japan. In this species, after a couple has consented to mate,
the male and female repeatedly circle each other with their
heads raised, exposing their undersides while remaining in an
almost vertical position. When the male is ready to incubate
the brood and the female is full of eggs, they practice egg
transfer for several days until the process is actually enacted.
The male’s tail is flattened laterally as an indication that he
is able to receive the eggs. The female places her small, green-
ish eggs on his tail, pushing them into place so that they re-
main attached. The eggs hatch after a few weeks. Hatching
may be helped by the male, who shakes vigorously until all
the eggs have separated. The young then are ready to begin
their short pelagic life.

Conservation status

A relatively large number of gasterosteiform species are
listed by the IUCN. Most of the threats that these species
face are related to the pervasive seahorse trade, especially in
southeastern and eastern Asia, and to widespread habitat
degradation. Gasterosteiforms generally are not directly con-
sumed in quantities that would otherwise place them in dan-
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ger of overexploitation. Overexploitation of seahorses is a re-
sult of their use as ingredients for prepackaged medicines,
where demand far exceeds supply, and for the curio and
aquarium trade. Many species live in coastal or estuarine
habitats, which typically are more affected by development
and pollution. Furthermore, the vulnerability of seahorses is
enhanced by their low fecundity, parental care, and com-
plex social structures. The IUCN presently includes in their
compilation of threatened taxa about 51 species of gaster-
osteiformes. The majority of species are listed either as Data
Deficient or Vulnerable (all species of seahorses and many
species of pipefishes). The Cape seahorse (Hippocampus capen-
sis) is listed as Endangered (mostly due to commercial de-
velopment of its restricted habitat), and the stickleback
(Pungitius bellenicus) and the river pipefish (Syngnathus wa-
termeyeri) are listed as Critically Endangered. Conservation
efforts, mostly geared toward seahorses, are presently being
undertaken by Project Seahorse, a praiseworthy initiative
that aims to promote the sustainable exploitation of seahorses
and their relatives.

Significance to humans

Numerous species of this order are popular fishes sought
out by recreational divers. Many are important aquarium
fishes and, fortunately, are now reared in captivity. Their
popularity stems from their complex and highly modified
morphological features and ornate coloration as well as the
particular breeding habits of various species, in which there
are elaborate courtship rituals and males fertilize the eggs
and carry the young (in most species). Gasterosteiforms typ-
ically are not consumed as food fishes, but some syngnathids
are commercialized heavily as curios. In particular, seahorses
and seamoths are made into souvenirs (even as Christmas or-
naments) and used as ingredients in traditional Chinese and
related East Asian medicines. Some 47 countries worldwide
participate in the seahorse market, and the total global con-
sumption of seahorses in 1995 was at least 20 million speci-
mens, roughly more than 62 tons (56 metric tonnes). The
seahorse trade is not sustainable as it is currently imple-
mented, leading to fears that many populations of seahorses
have been exploited past the possibility of recovery.
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1. Ringed pipefish (Doryrhamphus dactyliophorus); 2. Leafy seadragon (Phycodurus eques); 3. Weedy seadragon (Phyllopteryx teaniolatus); 4. Fe-
male lined seahorse (Hippocampus erectus); 5. Ornate ghost pipefish (Solenostomus paradoxus). (lllustration by Joseph E. Trumpey)
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1. Blue-spotted cornetfish (Fistularia tabacaria); 2. Armored stickleback (Indostomus paradoxus); 3. Longspine snipefish (Macroramphosus
scolopax); 4. Threespine stickleback (Gasterosteus aculeatus); 5. Sculptured seamoth (Pegasus lancifer); 6. West Atlantic trumpetfish (Aulosto-
mus maculatus); 7. Common shrimpfish (Aeoliscus strigatus). (Illustration by Joseph E. Trumpey)
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Species accounts

West Atlantic trumpetfish
Aulostormus maculatus

FAMILY
Aulostomidae

TAXONOMY
Aulostorna maculatum Valenciennes, 1837, West Atlantic.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

The trumpetfish is slender and elongate. The head is about
one-third of the total length; the snout is tubular and the
mouth large, terminal, and very upturned. The chin has a
prominent barbel, and the eyes are relatively small and round.
Single dorsal fin is preceded by eight to 13 short, well-spaced
spines. Dorsal fin with 21-25 rays; anal fin opposite to dorsal
fin and also with 21-25 rays; pelvic fins very posterior. Scales
small and somewhat abrasive. Reaches at least 35.4 in (90 cm)
in length. Coloration varies. May have dusky brown or reddish
background with lighter stripes and darker spots, but some in-
dividuals are yellow or green with a blue snout.

DISTRIBUTION

Western Atlantic from Florida to southeastern Brazil; also in
the Caribbean, Gulf of Mexico, Bermuda, and Antilles. Found
in the eastern Atlantic at Saint Paul’s Rocks.

Hippocampus erectus

Aulostomus maculatus
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HABITAT

Adults usually are found in coral reefs and associated habitats,
at depths ranging from 6.6 to 82 ft (2-25 m); juveniles live in
deeper water but also among sargassum.

BEHAVIOR

Trumpetfishes may hover in near vertical positions, with their
heads pointing downward, sometimes almost motionless. They
align their bodies with other linear objects, ranging from corals
to other fishes to crevices, blending in with their surroundings.
They also are capable of quick movements. Reported to change
color according to their habitat. They also use larger non-
piscivorous fishes such as parrotfish as mobile blinds, hiding
behind them to approach within striking distance of prey.

FEEDING ECOLOGY AND DIET
Eats mostly smaller fishes and small invertebrates by employ-
ing stealthy movements and suction feeding (pipette feeding).
May feed on larger fishes as well.

REPRODUCTIVE BIOLOGY
Mostly unknown; juveniles are known to inhabit deeper waters,
but eggs and larvae probably are pelagic.

CONSERVATION STATUS
Not listed by the TUCN.

SIGNIFICANCE TO HUMANS
Sometimes kept in public aquaria. A harmless fish, sometimes
marketed locally but of minor commercial importance. ¢

Common shrimpfish
Aeoliscus strigatus

FAMILY
Centriscidae

TAXONOMY
Amphisile strigata Ginther, 1861, Java, Indonesia.

OTHER COMMON NAMES
English: Razorfish.

PHYSICAL CHARACTERISTICS

A very unusual species, with an elongate, highly compressed
body. Snout long, almost filamentous, with a terminal mouth.
Dorsal fin terminal, situated far posterior, with a long, posteri-
orly directed and hinged spine followed by two smaller spines
and nine to 10 rays. Caudal fin underneath dorsal fin. Anal fin
with 11-12 rays; pectoral fin with 11-12 rays. Body covered in
plates. Coloration yellowish dorsally and laterally above a dark,
horizontal stripe that runs through the eyes; white underneath
stripe and ventrally. Reaches 5.5 in (14 cm) in length.

DISTRIBUTION
Widespread in the tropical western Pacific Ocean and northern
Indian Ocean, reaching as far west as the Seychelles.

HABITAT

Usually found in shallow bays, coral reefs, and sea grass beds
down to a depth of about 66 ft (20 m).
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Aeoliscus strigatus

Phyllopteryx teaniolatus

BEHAVIOR

Commonly encountered in large schools, typically hovering
with its mouth pointed toward the bottom, maintaining a verti-
cal position. Sometimes found in association with long-spined
sea urchins of the genus Diadema.
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FEEDING ECOLOGY AND DIET
Feeds on small invertebrates (e.g., polychaetes), including lar-
vae of mollusks and crustaceans.

REPRODUCTIVE BIOLOGY
Mostly unknown. Pelagic larvae have been described and begin
to resemble adults by about 0.7 in (17 mm) in length.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS
Not consumed but sometimes kept in aquaria. ®

Blue-spotted cornetfish
Fistularia tabacaria

FAMILY
Fistulariidae

TAXONOMY
Fistularia tabacaria Linnaeus, 1758, North Atlantic.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

An unmistakable species, with an extremely elongated body
and snout (about one-fourth of the body length). Oblique ter-
minal mouth with many minute teeth. Eyes elliptical and large.
Small, single, and triangular dorsal fin located far posterior on
the back, opposite to the anal fin and with 13-18 rays. Anal fin
also triangular, with 13-17 rays. Pectoral fins have 15 or 16

Gasterosteus aculeatus

Fistularia tabacaria
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rays. Very small pelvic fins. Caudal fin has two clear forks,
with upper and lower lobes divided by a long caudal filament
(formed from caudal rays, about as long as the snout). Col-
oration is greenish brown, with numerous blue spots and some
10 darker cross bars. Caudal filament is blue (coloration can
change quickly to mach the background). Reaches up to 5.9 ft
(1.8 m) without the caudal filament.

DISTRIBUTION

Ocecurs in both sides of the tropical and warm temperate At-
lantic Ocean. Young are reported to venture into colder tem-
perate waters as far north as Nova Scotia in the Western
Atlantic.

HABITAT

A mostly inshore species, occurring down to 656 ft (200 m);
adults are found in coral reefs and sea grass meadows, over
sandy and rocky bottoms, and even in estuaries.

BEHAVIOR

Mostly unknown. This species does not seek camouflage by
aligning itself with objects, as does the trumpetfish. Usually
solitary.

FEEDING ECOLOGY AND DIET

Eats mostly small shrimps and other fishes, which it can swal-
low whole, head first (by sucking them in a mode known as
pipette feeding). Preyed upon by larger bony fishes (e.g.,
groupers) and sharks.

REPRODUCTIVE BIOLOGY

Little is known of its reproductive biology, but other species of
Fistularia lay pelagic eggs in open waters; larval development
probably is pelagic as well.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
Not frequently consumed but a popular aquarium species. ¢

Threespine stickleback

Guasterosteus aculeatus

FAMILY
Gasterosteidae

TAXONOMY
Guasterosteus aculeatus Linnaeus, 1758, Europe.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Head relatively small, with small upturned mouth anterior to
the eyes; eyes round and somewhat large. Body about four
times as long as it is deep, with slender caudal peduncle. Three
strong spines precede the first dorsal fin (with 10-14 rays), the
last of which is smaller and attached to the dorsal fin; the first
two spines are very tall. Dorsal spines are widely spaced. Anal
fin opposite soft dorsal fin, with one spine and eight to 10 rays.
Pectoral fins ending at mid-body length, with 10 rays. Pelvics
have strong spine and single ray. All spines can be locked into
place or depressed. Caudal fin brush-shaped. Trunk covered by
slender plates, with much variation in arrangement. Coloration
silvery on sides and bluish black dorsally, with orange pelvic
membranes. Males become more reddish when courtship com-
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mences and drab when it terminates. Reaches 3.5 in (90 mm)
in length.

DISTRIBUTION
Widely distributed in temperate marine waters of the North-
ern Hemisphere but also in coastal rivers and lakes.

HABITAT

The threespine stickleback occurs in a wide variety of coastal
habitats in both brackish and shallow marine waters. It can be
captured occasionally in the open ocean as well. Typical habi-
tats include tidal pools, coastal rivers and creeks, lakes, salt
marshes, and protected coastal inlets. Adults typically are found
in association with vegetation (e.g., eelgrass). Individuals ma
venture far out into the open oceans, as far as 621 mi (1,000
km) in the Pacific.

BEHAVIOR

Many populations remain most of the time in the open sea,
venturing into coastal habitats to spawn and die in their second
or third years. They swim by “rowing” with their pectoral fins
and are capable of strong swimming motions, such as those re-
quired to ascend rivers. Moderately social outside of periods of
reproductive activity, when males become strongly territorial.

FEEDING ECOLOGY AND DIET

Eats a wide variety of invertebrates and larvae, including cope-
pods, gammarids, rotifers, branchiurans, oligochaetes, insects
and their larvae, and even eggs of other sticklebacks. Stickle-
backs are preyed upon by numerous other fishes as well as wa-
ter birds, such as herons, mergansers, gulls, and loons.

REPRODUCTIVE BIOLOGY

The reproductive biology of this species has been studied in de-
tail. Females from 2 to 2.8 in (5-7 cm) in standard length have
between 116 and 838 eggs, measuring about 0.06 in (1.5 mm) in
diameter; egg number increases with body weight. Before
spawning, males establish a territory, building a nest on the sub-
strate (which is accomplished by “gluing” together bits of vege-
tation with mucus and kidney secretions). The nest is complete
when the male carves out a tunnel, at which time courtship be-
gins. A dance is performed for a gravid female that has entered
the territory, which consists of the male jumping toward and
away from the female in a zigzag fashion, with spines erect and
mouth open. Once a female is impressed, the male exhibits glu-
ing behavior and fans the nest with his pectoral fins. He then
zigzags back to the female, leads her to the nest, and points to it
with his open mouth. The female enters the nest with her cau-
dal peduncle protruding, allowing the male to begin quivering
movements against her flank. After she has deposited her eggs,
the male moves through the nest, fertilizing the eggs and ex-
pelling the female. He then pushes the eggs deeper into the
nest, flattening the egg mass and repairing the nest at the same
time, before fanning the eggs. The male attempts to induce
other females to spawn in the same nest; the number of female
partners may vary, but studies conducted in Quebec indicated
that males having two or three female partners is the norm in
that region. Incubation lasts roughly 14-20 days. After the eggs
hatch, the male destroys the nest and guards the young (collect-
ing any that may have fallen away). After his progeny become
free-swimming, the male starts another courtship cycle.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS

Not a commercially important species. The threespine stickle-
back is studied intensely by fish ethologists. Often kept in
aquaria, where it reproduces easily. ¢
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Armored stickleback

Indostomus paradoxus

FAMILY
Indostomidae

TAXONOMY
Indostomus paradoxus Prashad and Mukerji, 1929, Lake Indaw-
gyi, Myanmar.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Body elongate and slender, with a spatulate snout and terminal
mouth. Eyes large and round. The single dorsal fin contains six
rays, is located at mid-body length, and is preceded by five
short and evenly spaced spines. The anal fin is opposite the
dorsal fin, also with six rays. The caudal fin contains 11 rays
and is rounded posteriorly. Pelvic fins are very small and tho-
racic, with only four rays. The precaudal tail region is very
long and slender. Large pectoral fins have 23 rays. Body is cov-
ered by a complex armor composed of numerous plates. Col-
oration is a light brown, with numerous small, darker blotches
and irregular stripes. Reaches 1.2 in (3 cm) in length.

DISTRIBUTION
Northern Myanmar, possibly to Cambodia.
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HABITAT

Rivers and lakes of northern Myanmar, including the
Ayeyarwaddy River and Lake Indawgyi. Occurs close to the
bottom in canals, swamps, ditches, and stagnant waters.

BEHAVIOR
Mostly unknown. This species apparently is sedentary in river
or lake beds and moves about slowly.

FEEDING ECOLOGY AND DIET
Feeds mostly on worms and other small, slow-moving benthic
invertebrates. Predators are presumably larger fishes.

REPRODUCTIVE BIOLOGY

The reproduction of this species has been observed under cap-
tive conditions. Males defended spawning sites of a few cen-
timeters inside a tube and had a lighter reddish brown
coloration (instead of the typical darker brown color of non-
breeding males). There is sexual dimorphism in the pelvic fins:
males have longer and wider pelvics with inward curving rays.
Males displayed by erecting their fins and shaking their tail re-
gions. Females are lighter brown during spawning, with
bulging abdomens due to the presence of eggs. Females ap-
proached the nesting sites of the male when they were about to
spawn (indicated by their protruding genital papillae) and were
encouraged to enter the tube by the male. The upside-down
female deposited eggs, usually on the roof of the tube; the
male fertilized the eggs while also upside-down. Spawning may
take several hours, and the male guards the nest. From five to

Indostomus paradoxus

Doryrhamphus dactyliophorus
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40 elliptical eggs were laid at a time, measuring about 0.08 in
by 0.04 in (2 by 1 mm). Eggs hatched three days after spawn-
ing, and larvae were free-living four days after hatching, at
about 0.14 in (3.5 mm). Larvae have an attachment organ on
the tip of the yolk sac. Larval coloration is unique, composed
of three black vertical bands, and adult coloration is attained
after more than four weeks and at about 0.3 in (8 mm) in
length.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS
Occasionally imported as an aquarium species.

Longspine snipefish

Macroramphosus scolopax

FAMILY
Macroramphosidae

TAXONOMY
Balistes scolopax Linnaeus, 1758, Mediterranean Sea.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Body is compressed laterally, with an elongated, tubular snout
that terminates in a small upturned mouth lacking teeth. Eyes
are round and large, with a single nostril on each side. Two
dorsal fins, originating far posteriorly. First dorsal has extremely
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elongated and serrated second spine (four to eight spines, with
each spine about as long as the snout); second dorsal fin has
soft rays (10-14). Anal fin has 19-21 rays, pectoral fin has
18-21 rays, and pelvic fins have a single spine and four rays.
Scales are very small. Pinkish or reddish dorsally; color fades to
silvery on the sides. Reaches 9.1 in (23 c¢m) in total length.

DISTRIBUTION
Distributed worldwide, mostly in temperate latitudes.

HABITAT

Present mostly on the continental shelf in depths ranging from
164-902 ft (50-275 m). Juveniles are more pelagic, whereas
adults are more demersal.

BEHAVIOR

Forms large schools, mostly while juvenile. Individuals may
hover with their mouths pointing down toward the substrate,
remaining in a stationary position.

FEEDING ECOLOGY AND DIET

Feeds on invertebrates, including copepods and other crus-
taceans, mollusk larvae, foraminifera, polychaete eggs, and
mysids. Preyed upon by larger fishes, including tunas and blue
sharks.

REPRODUCTIVE BIOLOGY

Eggs and larvae are pelagic, as are juveniles until they reach
about 2 in (5 c¢m) in length. Adults are more demersal. In the
eastern Atlantic, snipefish spawn on the continental shelf, over
seamounts, and near islands between October and March. Lar-
vae and juveniles remain in the surface layers during the day
but migrate vertically to deeper water at night. At about 2 in
(5 cm), some three months old, individuals move closer to the
bottom.

Phycodurus eques

Macroramphosus scolopax
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CONSERVATION STATUS
Not listed by the [TUCN.

SIGNIFICANCE TO HUMANS

Not very important commercially, although it is consumed in
the eastern Atlantic. This species has been kept in public
aquaria. ¢

Sculptured seamoth
Pegasus lancifer

FAMILY
Pegasidae

TAXONOMY
Pegasus lancifer Kaup, 1861, Australia.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Snout very slender but not very elongated (longer in males),
ending in a spatulate tip; snout clearly demarcated from head
and bearing four spiny ridges. Eyes large and round. Mouth
small and protrusible, located ventral to the snout base. Head
triangular anteriorly. Head and trunk regions are depressed
and broad (broader in females), encased in fused bony plates
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that bear prominent ridges forming a star pattern. Single dor-
sal fin posterior to the trunk, with five rays; opposite anal fin
also has five rays. Tail long and slender, with bony ridges, end-
ing in a truncate caudal fin with eight to nine rays. Pectoral
fins very wide and fanlike when expanded, with 18 rays. Pelvics
resemble hooks, with one spine and three rays. Coloration
sandy-brown or grayish above, with darker spots on pectorals,
a dark longitudinal stripe on the trunk, and a dark stripe at
base of the tail; pale underneath. Reaches about 4.7 in (12 cm)
in length.

DISTRIBUTION
Restricted to southern Australian waters from South Australia
to Tasmania.

HABITAT
A bottom-dwelling species occurring in many different coastal

habitats, including estuaries, sea grass beds, and sandy bottoms,
down to about 180 ft (55 m).

BEHAVIOR

This species can change its color to match that of its surround-
ings. It also can burrow into the substrate to escape predators.
It often “walks” or “crawls” over the bottom in search of small
crustaceans or other food items. Many individuals may congre-
gate in estuaries.

FEEDING ECOLOGY AND DIET
Eats a variety of small invertebrates, such as polychaetes, mol-
lusks, and crustaceans. Their mouths are somewhat protrusible,

Pegasus lancifer

Solenostomus paradoxus

144

Grzimek’s Animal Life Encyclopedia



Vol. 5: Fishes Il

enabling them to snatch prey from the bottom with ease. Pre-
sumably eaten by larger fishes.

REPRODUCTIVE BIOLOGY

Enters sandy bays to breed in the spring, when courtship takes
place. During courtship, a female and male remain on the bot-
tom, side by side, until they rise together to spawn, vent to
vent, about 3.3 ft (1 m) off the bottom. The posterior tips of
the pectoral fins of males become yellow during the reproduc-
tive period. The eggs are pelagic, and larvae up to 0.1 in (2.5
mm) are enclosed in a dermal sac, probably an adaptation to a
pelagic existence.

CONSERVATION STATUS
Listed as Data Deficient by the TUCN.

SIGNIFICANCE TO HUMANS
Not a commercial species. ¢

Ornate ghost pipefish

Solenostomus paradoxus

FAMILY
Solenostomidae

TAXONOMY
Fistularia paradoxa Pallas, 1770, Indonesia.

OTHER COMMON NAMES
English: Harlequin ghost pipefish.

PHYSICAL CHARACTERISTICS

A morphologically remarkable fish. Body is very slender and
straight, and head is very elongate, about one-third the total
length. Mouth terminal, small, and upturned. Eyes round.
First dorsal fin situated over pelvic fins, with five very long
spines; second dorsal fin more posterior, with 17-23 rays.
Anal fin opposite second dorsal, with 17-22 rays; pectoral
fins inconspicuous, with 24 rays; pelvic fins located just ante-
rior to the middle of the body, with seven rays; caudal fin
large and spur-shaped when rays are extended. There are nu-
merous dermal projections on snout, trunk, and tail. Body
encased in 31-35 segmented bony plates. Coloration spectac-
ular and ornate. Background color varies from white or semi-
transparent to black, with elaborate pattern of red, orange,
white, or yellow spots, blotches, and stripes. Reaches some
4.7 in (12 cm).

DISTRIBUTION

Present in much of the Indo-West Pacific Ocean from the Red
Sea and East Africa to the Marshall Islands and New Caledo-
nia; occurs as far north as southern Japan and as far south as
Australia.

HABITAT

Usually found in coral reef habitats (down to about 115 ft, or
35 m, in depth) among gorgonian corals, weeds, and algae or
with crinoids over sand, along reef edges, or in sheltered
coastal waters and estuaries.

BEHAVIOR

Typically a solitary species, but small groups of up to six indi-
viduals have been observed. This species is highly camouflaged,
blending in very well with many different backgrounds. Young
are mostly pelagic, but adults are more benthic; post-pelagic
specimens are more transparent. Individuals may hover in a
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near vertical position when they are among gorgonians or
other substrates.

FEEDING ECOLOGY AND DIET
Feeds on mysids, small shrimps, and other benthic crustaceans.
Predators unknown but presumably larger reef-dwelling fishes.

REPRODUCTIVE BIOLOGY

In contrast to other syngnathoids, females carry the brood in a
pouch that is formed by the enlarged pelvic fins (which are
missing from other syngnathoids). Eggs are numerous, small,
spherical, and somewhat transparent. Females fan the eggs by
opening and closing their pelvic fins. Young are expelled from
the pouch at birth. Other details concerning their reproduction
are unknown.

CONSERVATION STATUS
Not listed by the TUCN.

SIGNIFICANCE TO HUMANS
Sometimes kept as an aquarium fish; otherwise this species has
no commercial value. ®

Ringed pipefish
Doryrbamphus dactyliophorus

FAMILY
Syngnathidae

TAXONOMY
Syngnathus dactyliophorus Bleeker, 1853, Indonesia.

OTHER COMMON NAMES
English: Banded pipefish.

PHYSICAL CHARACTERISTICS

A very slender species, with both head and body on the same
plane. Snout very slender, about one-eighth of the total length,
with small upturned terminal mouth. Eyes round and relatively
long. Single posterior dorsal fin, with 20-26 rays; small anal fin
with four rays. Body has 15-17 bony rings, and tail has 18-22
bony rings. Caudal fin is round when expanded. Coloration
composed of alternating black to reddish and yellow bars; cau-
dal fin is white with a red circle. Reaches some 7.1 in (18 cm)
in length.

DISTRIBUTION

This species is present throughout much of the Indo-West Pa-
cific, in the Red Sea and East Africa to Samoa, and throughout
Micronesia.

HABITAT

Inhabits a wide variety of coastal habitats, such as coral reefs,
tide pools, lagoons, estuaries, sea grass meadows, and outer
reef slopes. Frequently found in crevices and sheltered areas.

BEHAVIOR

A cryptic species, preferring to remain in caves or other shel-
ters. Commonly seen in pairs, but occasionally large groups are
formed. Young are pelagic and transparent (up to about 1.2 in,
or 30 mm) and attain adult coloration only later, when they
settle into a more benthic lifestyle.

FEEDING ECOLOGY AND DIET
Eats small crustaceans and may even clean larger fishes, such as
morays, of small parasites. Consumed by larger fishes.

145



Order: Gasterosteiformes

REPRODUCTIVE BIOLOGY

Males carry the eggs along their trunks ventrally. The eggs are
small and spherical and reddish when fresh. The eggs are fer-
tilized upon deposition on the male and hatch after a few
weeks. Juveniles often are found in rock pools but typically are
pelagic.

CONSERVATION STATUS
Listed as Data Deficient by the IUCN.

SIGNIFICANCE TO HUMANS
A popular aquarium species, which has been reared in
captivity. &

Lined seahorse
Hippocampus erectus

FAMILY
Syngnathidae

TAXONOMY
Hippocampus erectus Perry, 1810, West Indies.

OTHER COMMON NAMES
English: Seahorse.

PHYSICAL CHARACTERISTICS

Body erect and somewhat sinuous, with head at a right angle in
relation to the trunk and tail. Snout moderately long, with
small upturned mouth devoid of teeth. Eyes round. Two pairs
of spines present behind the eyes on the head. Small pectoral
fins with 14-17 rays; single posterior dorsal fin with 16-20
rays; small anal fin with three to four rays; no pelvic fins. Pre-
hensile tail tapers into a slender stalk without a caudal fin.
Trunk encased in 10-12 bony rings, each with four spines; tail
has 32-38 rings. Coloration varies widely—background light
brown, black, gray, or yellow (sometimes red) with various
small blotches, stripes, and spots. Area around the eyes has
small white stripes radiating from the eyes. Reaches 7.9 in (20
cm) in length.

DISTRIBUTION

Western Atlantic from Cape Cod (sometimes Nova Scotia as
strays) to Uruguay. The extensive range suggests that the name
H. erectus may be applied to a complex of closely related
species.

HABITAT

Lined seahorses are found in habitats with heavy vegetation,
such as seaweeds and sargassum, in shallow waters and waters
as deep as 240 ft (73 m). Present also in bays, piers, beaches,
salt marshes, oyster beds, and other environments in which
vegetation and shelter are present. They are capable of tolerat-
ing great variations in temperature and salinity.

BEHAVIOR

Seahorses swim slowly, in a vertical position, by undulating
the dorsal and pectoral fins and tend to cling with their pre-
hensile tails to vegetation, gorgonian corals, and so forth.
They produce sounds to communicate with each other.
Younger individuals tend to be pelagic, sometimes swimming
in groups.

FEEDING ECOLOGY AND DIET
Food consists mostly of small crustaceans, such as copepods,
amphipods, and larvae. They employ pipette feeding, after a
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swift sucking action following a sudden upswing of the head.
They are eaten by many species of bony fishes, including cod,
bluefish, remoras, and spiny and smooth dogfishes.

REPRODUCTIVE BIOLOGY

Between 250 and 400 eggs are deposited in the male’s brood
pouch during courtship (the larger the female, the greater the
number of eggs). Males develop brood pouches by about 3 in
(7.5 cm) in length, and males with eggs are recorded at 3.5 in
(9 cm). In courtship the male and female closely follow each
other, and the male presents his pouch to the female’s genital
area. As eggs are being transferred from the female into the
male’s pouch, they both rise in the water and may change
color. Breeding takes place in the summer or year-round in
tropical climates. Females deposit a few eggs at a time repeat-
edly. The eggs develop in the brood pouch and may derive
nourishment from secretions within the pouch. Eggs are pear-
shaped and light orange in color and may contain one or more
oil droplets. Eggs are incubated for 12-14 days in the pouch;
there is no true larval period; miniature seahorses are expelled,
measuring about 0.24 in (6 mm) in length. Their tails become
prehensile after one day, and they become mature after three
months.

CONSERVATION STATUS
Listed as Vulnerable by the IUCN.

SIGNIFICANCE TO HUMANS

A common aquarium species whose commercialization requires
monitoring. ¢

Leafy seadragon
Phycodurus eques

FAMILY
Syngnathidae

TAXONOMY
Phyllopteryx eques Guinther, 1865, South Australia.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

One of the most distinctive of all fishes, the leafy seadragon
has numerous, complex leaflike dermal projections from the
extremities of its head, trunk, and tail spines. Body is elongate,
slender but somewhat sinuous, and encased in ringlike bony
plates that extend as spines. The head is long, directed at al-
most a right angle in relation to the body, with a frontal bony
projection and an extremely elongated snout. The mouth is
upturned and terminal. Eyes round. Dorsal fin, which is pose-
terior, has 34-38 rays; pectoral fins have 19-21 rays; anal fin
has four rays. Tail slender and prehensile, with leaflike dorsal
projections. Pelvic and caudal fins, lateral line, and scales are
absent. Coloration is greenish brown or yellow, with vertical
stripes along the trunk. Head has slight mask and varying dark
blotches on leaflike projections. Specimens in deeper waters
(about 98 ft, or 30 m) tend to be more reddish. Reaches some
13.8 in (35 cm) in length.
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DISTRIBUTION
Coastal regions of southern Australia from Western Australia
(below Perth) to southern Victoria.

HABITAT

A marine species inhabiting shallow (down to about 98 ft, or
30 m), temperate waters, usually sheltered among algae and
reefs but also found over sandy areas.

BEHAVIOR

A sluggish species, appearing to float aimlessly in kelp beds,
protected by its elaborate camouflage. It may move rhythmi-
cally back and forth in a manner similar to algae being swept
by currents. Adults may congregate in shallow bays in late win-
ter to pair and mate. Divers can approach this species slowly.
Cleaner shrimp and clingfish have been observed to “clean”
parasites off leafy seadragons.

FEEDING ECOLOGY AND DIET
Feeds mostly on mysids and other crustaceans (e.g., shrimps

and squad-lobsters). Predators unknown but presumably larger
fishes.

REPRODUCTIVE BIOLOGY

Reproduction has been observed in the wild in this species.
(Aquarium-bred specimens take some two years to reach
adult size.) Females have greatly swollen trunks before
spawning. Males carry a brood containing an estimated
250-300 elliptical eggs underneath their tails, posterior to
the anal fins. The eggs, which measure 0.3 by 0.2 in (7 by 4
mm), are maintained in honeycomb-like egg pockets in the
abdominal skin of the males. Pregnant males usually are seen
in November or December. The tail of the male becomes
swollen and turns bright yellow to indicate readiness to
mate, at which time sperm are released into the abdominal
region. The courtship ritual is similar to that of some
pipefishes (in which the abdominal area is displayed to the
mate, while the head is maintained in an upright position).
The female deposits her eggs onto the abdominal region of
the male, pushing them into place. At that point, egg pockets
form on the male to fasten the eggs securely in place. Incu-
bation takes about eight weeks. Males deposit hatchlings in a
wide area, as hatching takes about one week. Hatchlings are
advanced and settle on the bottom (at about 1.4 in, or 35
mm, in length), sometimes remaining in small groups and
venturing into shallower water.

CONSERVATION STATUS
Listed as Data Deficient by the TUCN.

SIGNIFICANCE TO HUMANS

An aquarium species that also attracts numerous recreational
divers who want to see it up close (e.g., in Victoria Harbor,
South Australia). This species cannot be collected off South
Australia legally. It is somewhat difficult to maintain in
aquaria, owing to its specialized feeding requirements,

but aquarium-raised specimens may live for more than 10
years in captivity. Many aquarium specimens are bred in
captivity. &
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Weedy seadragon
Phyllopteryx teaniolatus

FAMILY
Syngnathidae

TAXONOMY
Syngnathus taeniolatus Lacepede, 1804, Bass Strait, Australia.

OTHER COMMON NAMES
English: Common seadragon.

PHYSICAL CHARACTERISTICS

Another remarkably distinct species. Body slender and elongate,
highly arched between head and tail. Head at a slight angle to
the body, with round eyes, very long snout, and small, upturned
mouth. Encased in bony ringlike plates, many containing longer
spines that have dermal leaflike flaps at the ends. Single dorsal
fin situated posteriorly, with 27-34 rays; anal fin with four or
five rays; pectorals with 20-23 rays. Tail prehensile, long, and
slender, without a caudal fin; pelvic fins, lateral line, and scales
absent. Coloration very ornate and somewhat varying—
background usually reddish, with numerous closely packed yellow
spots on head and body, bluish bars on sides of trunk and tail
base, and darker dermal flaps. Reaches 18 in (46 cm) in length.

DISTRIBUTION
Southern Australian coast from central New South Wales to
Rottnest Island (off Perth); also in Tasmania.

HABITAT

Typically found among algae, in kelp beds, and on rocky reefs,
down to about 164 ft (50 m).

BEHAVIOR

A mostly solitary species, hovering among algae and sheltered
rocky reefs, but also seen over sand. Individuals may move into
deeper waters when food becomes less abundant.

FEEDING ECOLOGY AND DIET
As with the leafy seadragon, food principally consists of small
crustaceans. Predators unknown but presumably larger fishes.

REPRODUCTIVE BIOLOGY

Many aspects of its reproduction are similar to that of the leafy
seadragon. Males carry roughly equivalent numbers of eggs,
which also are embedded in their skin. They usually have one
brood per season, and mating begins from October to Novem-
ber. Young hatch after about two months, settling on the sub-
strate. Hatchlings do not have the elongated snout of the
adults, but it grows quickly; their elaborate dermal flaps are
much smaller. Juveniles resemble adults by about 4.7 in (12
cm) in length.

CONSERVATION STATUS
Listed as Data Deficient by the ITUCN.

SIGNIFICANCE TO HUMANS

A popular aquarium species. Most specimens displayed are bred
in captivity. They can live for more than 10 years in aquarium
conditions. ¢
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Synbranchiformes
(Swamp and spiny eels)

Class Actinopterygii
Order Synbranchiformes
Number of families 3

Photo: An African eel (Mastacembelus sp.) from
Cameroon. (Photo by Mark Smith/Photo Re-
searchers, Inc. Reproduced by permission.)

Evolution and systematics

No synbrachiform fossil is known. The Mastacembeloidei
were removed from the Perciformes and added to the Syn-
branchiformes after a phylogenetic analysis by Johnson and
Patterson. These authors consider the Synbranchiformes to
be monophyletic and related to Mugiliformes, Atherino-
formes, Gasterosteiformes, and Smegmamorformes.

There are two suborders: Synbranchoidei and Mastacem-
beloidei, or Opisthomi. The Synbranchoidei has one family,
the Synbranchidae; four genera; and 15 species. The Mas-
tacembeloidei has two families: Chaudhuriidae, with four gen-
era and five species, and Mastacembelidae. The latter family
is divided into two subfamilies, Mastacembelinae, with two
genera and 25 species, and Afromastacembelinae, with two
genera and 42 species). There are a total of 87 species.

Physical characteristics

These eel-like fishes range in size from 8 to 48 in (20-150
cm). Although they are eel-like, they are not related to true
eels (Anguilliformes). The premaxillae are present as distinct
bones. The gills are poorly developed, and their openings are
usually single, small, and confluent across the breast. Oxygen
is absorbed through the membranes of the throat or intestine.
The dorsal and anal fins are low and continuous around the
tail tip. Pelvic fins, if present, are small and located on the
throat. Scales are either absent or very small. They lack a swim

bladder.

Distribution
These fishes are distributed in tropical America, tropical
Africa, southeastern and eastern Asia, East Indies, and Aus-
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tralia. The three families each have a somewhat different dis-
tribution: The Synbranchidae are found in Mexico, Central
and South America, West Africa (Liberia), Asia, and the
Indo-Australian Archipelago. The Mastacembelidae are
found in Africa and through Syria to the Malay Archipelago
and China. The Chaudhuriidae are found in northeastern In-
dia through Thailand to Korea (including parts of Malaysia
and Borneo).

Habitat

They usually are found in swamps, caves, and sluggish fresh
and brackish waters. When found in pools, they typically are
associated with leaf litter and mats of fine tree roots along the
banks. Swamp eels are capable of overland excursions, and
some can live out of water for extended periods of time. Some
species are burrowers. Four species are found exclusively in
caves: Monopterus eapeni and M. roseni from India, Ophisternon
candidum from Australia, and O. infernale from Mexico. One
species, O. bengalense, commonly occurs in coastal areas of
southeastern Asia.

Behavior

Some species are considered air-breathing fishes because
of their ability to breathe by highly vascularized buccopha-
ryngeal pouches (pharynx modified for breathing air). They

usually are active only at night.

Feeding ecology and diet

They feed on benthic invertebrates, especially larvae, and
fishes.
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The zig-zag eel (Mastacembelus armatus) is found in the weedy stream
beds of Southeast Asia, Sri Lanka, southern China, and Sumatra. (Photo
by Hans Reinhard. Bruce Coleman, Inc. Reproduced by permission.)

Reproductive biology

At least some of the species of the family Synbranchidae,
that is, O. infernale, are sexually dimorphic. Adult males grow
a head hump, and males are larger than females. These fishes
lay about 40 spherical eggs per clutch. The eggs measure be-
tween 0.05 and 0.06 in (1.2-1.5 mm) in diameter and have a
pair of long filaments for adhesion to the substrate. Repro-
duction takes place during the wet season, which lasts for sev-
eral months, during which females probably spawn more than
once. Data acquired from studying juvenile growth and the
length of representative individuals within a population sug-
gests that they are a short-lived species that matures during
the first year, with few individuals surviving to the second
breeding season.

Conservation status
As of 2002, five species were listed by the IUCN as species
of special concern: Macrognathus aral (the one-stripe spiny
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An undescribed spiny eel (Mastacembelus sp.) from Southeast Asia.
(Photo by Animals Animals ©Dani/Jeske. Reproduced by permission.)

eel), Monopterus boueti (Liberian swamp eel), Monopterus indi-
cus (Bombay swamp eel), and Opbisternon candidum (the blind
cave eel) have been classified as Data Deficient, meaning that
they require more study to determine their conservation sta-
tus; O. infernale (blind swamp cave eel) is classified as En-
dangered.

Significance to humans

In some parts of Asia, swamp eels and one species of spiny
eel, Mastacembelus erythrotaenia, are valued as food and some-
times are kept in ponds or rice fields. Except for a few mas-
tacembelids, they are rarely seen in home aquaria.
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1. Fire eel (Mastacembelus erythrotaenia); 2. Swamp eel (Monopterus albus); 3. Marbled swamp eel (Synbranchus marmoratus); 4. Blind cave
eel (Ophisternon candidum). (lllustration by John Megahan)

Grzimek’s Animal Life Encyclopedia 153



Order: Synbranchiformes

Vol. 5: Fishes Il

Species accounts

Fire eel
Mastacembelus erythrotaenia

FAMILY
Mastacembelidae

TAXONOMY
Mastacembelus argus Bleeker, 1850, Moluccan Archipelago.

OTHER COMMON NAMES
German: Feueraal; Vietnamese: C4 chachlua.

PHYSICAL CHARACTERISTICS

Grows to 39.4 in (100 cm). Soft-rayed portions of the median
fins and pectoral fin have a sharply defined white distal margin.
The basal portion of the dorsal, anal, and caudal fins is dark
and that of the pectoral fin is dark or has broad vertical bars.
Head and anterior part of the body have longitudinal red and
black bands; the rest of the body has red spots or elongated
marks on a black background.

DISTRIBUTION
In Asia, from Thailand and Cambodia to Indonesia.

HABITAT
A large lowland floodplain species occurring in slow-moving
rivers and inundated plains. Also found in streams and lakes.

BEHAVIOR
Under aquarium conditions individuals tend to spend daylight
hours in a preferred shelter spot.

FEEDING ECOLOGY AND DIET
Feeds on benthic insect larvae, worms, and some plant mater-
ial. Under aquarium conditions, specimens larger than 12 in

Mastacembelus erythrotaenia

Ophisternon candidum
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(30 cm) in total length become predatory, hunting and eating
smaller fishes. Vulnerable to larger fish, water snakes, crocodil-
ians, and fish-eating birds as well as fishermen.

REPRODUCTIVE BIOLOGY

Nothing is know of the reproductive biology of this species.
Other mastacembelids are egg scatterers, depositing a few eggs
at a time in fine-leafed aquatic plants.

CONSERVATION STATUS
Not listed by the ITUCN. This species has become rare in re-
cent years due to human consumption and overfishing.

SIGNIFICANCE TO HUMANS
Often seen in the aquarium trade. Bred in fish farms in
Bangkok. &

Swamp eel
Monopterus albus

FAMILY
Synbranchidae

TAXONOMY
Muraena alba Zouiev, 1793, type locality not specified.

OTHER COMMON NAMES

Cantonese: Wong sin; English: Rice (paddy field) eel; German:
Ostasiatischer Kiemenschlitzaal; Japanese: Ta-unagi; Javanese:
Welut; Khmer: Antong; Laotian: Pa lai; Malay: Belut; Thai:
Pla lai; Vietnamese: Con Iu’o’n, luon.

PHYSICAL CHARACTERISTICS

Grows to 39.4 in (100 cm). Eel-like body. It lacks scales and
pectoral and pelvic fins. The dorsal, caudal, and anal fins are
confluent and reduced to a skin fold. The gill openings merge
into single slit underneath the head.

DISTRIBUTION

In India, China, Japan, Malaysia, and Indonesia. Probably also
occurs in Bangladesh, Myanmar, and Thailand. Introduced pop-
ulations in Florida, Georgia, and Hawaii in the United States.

HABITAT

It is a generalist that can be found in medium to large rivers,
flooded fields, muddy ponds, swamps, canals and rice paddies;
burrow in moist earth in dry season surviving for long periods
without water.

BEHAVIOR
It burrows in moist earth at the beginning of the dry season,
where it remains for long periods of time.

FEEDING ECOLOGY AND DIET
Feeds on detritus, plants, and small animals. Vulnerable to
crocodilians, otters, and fish-eating birds.

REPRODUCTIVE BIOLOGY

External fertilization. Builds a bubble nest at the surface of the
water near the shoreline. It is not known whether care is af-
forded to the eggs and fry. Spawning takes place in shallow
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Monopterus albus

Synbranchus marmoratus

water. After spending part of their lives as females, some indi-

viduals undergo sex reversal, and change into males. Sex rever-
sal is completed within eight to 30 weeks. All larger individuals
are males.

CONSERVATION STATUS
Not listed by the [TUCN.

SIGNIFICANCE TO HUMANS

Marketed fresh because of the good quality of its flesh. Stays
alive for long periods of time as long as the skin is kept moist.
Occasionally sold as an aquarium fish. ¢

Blind cave eel
Opbhisternon candidum

FAMILY
Synbranchidae

TAXONOMY
Anommatophasma candidum Mees, 1962, Yardie Creek Station,
North West Cape, Western Australia.

OTHER COMMON NAMES
Spanish: Anguila ciega.

PHYSICAL CHARACTERISTICS

Grows to 15.8 in (40 cm). These fishes have a very elongated, eel-
like, and roundish body with no fins, except for a thin, rayless fin
fold near and around the tip of the tail. The lateral line system
is distinct and continues to near the tip of the tail. It is whitish
in coloration, lacks externally visible eyes, and is scaleless.
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DISTRIBUTION

This species used to be found in 11 locations (two now de-
stroyed) in the western and northeastern coastal plain of the
Cape Range Peninsula of Australia.

HABITAT
Inhabits wells, sinkholes, and caves and possibly also occurs in
aquifers.

BEHAVIOR
No information is available.

FEEDING ECOLOGY AND DIET

This species feeds on invertebrates, both hypogean and
epigean, that accidentally fall into its habitat. Due to its habi-
tat, it is not subject to predation.

REPRODUCTIVE BIOLOGY
External fertilization. No additional information is available.

CONSERVATION STATUS
Listed as Data Deficient by the TUCN.

SIGNIFICANCE TO HUMANS
Of ecological and scientific interest only. &

Marbled swamp eel

Synbranchus marmoratus

FAMILY
Synbranchidae

TAXONOMY
Synbranchus marmoratus Bloch, 1795, Rio Negro, Brazil.
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OTHER COMMON NAMES
English: Swamp eel; French: Anguille; German: Amerikanis-
cher; Spanish: Anguila.

PHYSICAL CHARACTERISTICS

Grows to 50.1 in (150 c¢m). It has a long and cylindrical body,
lacking pectoral and ventral fins and with vestigial dorsal and
anal fins. The species has small eyes.

DISTRIBUTION
From Mexico to Central Argentina.

HABITAT

This species inhabits fresh and brackish waters in a variety of
habitats, including streams, canals, drains, ponds, and rice
fields. It can be seen in both clear and murky waters.

BEHAVIOR

This is a nocturnal fish usually found at the edge of the water.
It can travel over land for considerable distances. It also bur-
rows, especially during the dry season. During that time its
metabolism is reduced considerably, but it still may flee if dis-
turbed. After the first rains, it returns to larger bodies of water.

FEEDING ECOLOGY AND DIET

They feed on fish and invertebrates and are considered aggres-
sive predators. They are vulnerable to crocodilians and fish-
eating birds.

Vol. 5: Fishes Il

REPRODUCTIVE BIOLOGY

This is a species characterized by two unusual reproductive
methods. In the first, many individuals undergo sequential her-
maphroditism, where some fish function first as females and
then as males, called terminal males. This condition is called
protogy, and species that have such individuals are called pro-
togynous. Those individuals that are males from the beginning
are called primary males. Some individuals remain juvenile fe-
males, a condition termed diandric. They have external fertil-
ization and show some level of genetic variability, which is
consistent with the fact that this is a generalist species with a
broad distribution in the New World. No specific seasonal re-
productive data or parental care information has been pub-
lished.

CONSERVATION STATUS

Because of its broad distribution, it is not considered threat-
ened. Owing to its burrowing behavior, however, it may be
missed in many faunal surveys.

SIGNIFICANCE TO HUMANS

Is not infrequent in public aquaria although it does not make a
good exhibit because of its burrowing behavior. Because of its
size it is difficult to keep in home aquaria.
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Scorpaeniformes I
(Gurnards and flatheads)

Class Actinopterygii
Order Scorpaeniformes
Number of families 4

Photo: An Oriental helmet gurnard (Dactyloptena
orientalis) sleeping on the lava sand of the Lem-
beh Straits of Sulawesi Island, Indonesia. (Photo
by Fred McConnaughey/Photo Researchers, Inc.
Reproduced by permission.)

Evolution and systematics

The two suborders that comprise this chapter, the flat-
heads (Platycephaloidei) and flying gurnards (Dactylopteroidei)
are mail-cheeked fishes (order Scorpaeniformes). This old
group (first recognized in 1829), composed of approximately
1,400 species, is united by the presence of the suborbital stay.
The suborbital stay is a bony strut that connects the bones
under the eye with the front of the gill cover. Some authors
have suggested that the suborbital stay in the flying gurnards
evolved independently from the remainder of the scorpaeni-
form fishes. These authors place the flying gurnards in their
own order (Dactylopteriformes).

In 1758 the father of binomial nomenclature, Carl Linnaeus,
was the first naturalist to describe species of both the flying
gurnards and the flatheads. Since the time of Linnaeus, six ad-
ditional flying gurnards and 86 additional platycephaloids have
been described. The seven flying gurnards are now classified
into two genera (Dactylopterus in the Atlantic and Dactyloptena
in the Indo-Pacific). The 88 platycephaloids have been classi-
fied variously into three to seven families, depending on the
researcher. For the purposes of this review, the Platy-
cephaloidei are split into three families: the flatheads (Platy-
cephalidae, 64 species), the ghost flatheads (Hoplichthyidae, 11
species), and the deepwater flatheads (Bembridae, 11 species).
At this time, there is considerable debate about the placement
and classification of both of these suborders, so the classifica-
tion follows Joseph Nelson’s 1994 book, Fishes of the World.

Traditionally, the flying gurnards have been allied with the
sea robins (Triglidae and Peristediidae), because both groups
share enlarged pectoral fins and free pectoral rays, which these
fishes use like legs to “walk” on the seafloor. Recently, re-
searchers have suggested that the suborbital stay in flying
gurnards evolved independently of the strut found in other

Grzimek’s Animal Life Encyclopedia

mail-cheeked fishes. These ichthyologists have suggested that
flying gurnards are related to the seahorses and their relatives
(Sygnathoidei) or to the tilefishes (Malacanthidae). Because
of these different views, the interrelationships of the flying
gurnards remain unclear, and they are treated here as scor-
paeniforms, pending resolution of their placement.

The placement of the flatheads and their relatives is not
clear either. Historically, the three flathead families have been
united because of their elongate bodies and depressed or “flat-
tened” heads; hence their common name. Recent work by Hi-
sashi Imamura has suggested that the sea robins and their
relatives (Triglidae and Peristediidae) may have evolved from
a flathead relative, suggesting that the sea robins should be
placed in the Platycephaloidei. Clearly, further work using
both morphological and DNA sequence data will shed light
on the interrelationships and intrarelationships of the flat-
heads and their allies.

At more than 50 million years old, the enigmatic Prerygo-
cephalus paradoxus from the Monte Bolca formation in Italy
may be the oldest known flying gurnard, but the fossil Pre-
volitans faedoensis from Eocene deposits in northern Italy is
the oldest clearly identifiable flying gurnard. Flatheads first
appear in the fossil record with an Eocene otolith (ear stone)
record identified as Platycephalus janeti from France. Whole
fossilized skeletal specimens of Platycephalus date to the early
Miocene in Tasmania.

Physical characteristics

Flying gurnards are one of the most recognizable of all
spiny-rayed fishes because of their large heads, greatly devel-
oped winglike pectoral fins, and free pectoral rays. Their
bodies are covered with ctenoid scales. They have a very
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characteristic “helmet-like” skull with a strong preopercular
spine that gives them their other common name (helmet
gurnards). Dactylopterids have a short snout with a subter-
minal mouth. Their jaws are filled with small, conical teeth.
Flying gurnards have two dorsal fins separated by a deep
notch, which typically have a couple of free dorsal spines de-
tached from and preceding the first dorsal fin. As was found
in the flatheads, sculpins (Cottoidei), and some sea robins, the
dactylopterids lack true anal spines.

Typically, flying gurnards lie on the seafloor with their
pectoral wings folded against the body. When dactylopterids
have their wings folded, they are well camouflaged on the
seafloor because of their dusky red and drab white, brown,
and black markings. When startled, however, flying gurnards
quickly spread their brightly colored pectoral fins (covered
with bluish and whitish spots, for example) to distract would-
be predators and make their quick escape. Flying gurnards
can reach lengths of up to 15.7 in (40 cm).

Flatheads are recognized easily by their elongate bodies
with depressed, broad heads. They typically are covered with
ctenoid scales, except for their lower flanks and ventral sur-
faces, which often are covered by cycloid scales. The ghost
flatheads lack scales, but their dorsal surface is overlaid with
spiny, bony plates. All flatheads and their allies have large eyes
placed close together high on their heads. The eyes of platy-
cephalids often are covered with highly ornamented eye flaps.
All platycephaloid heads are overlaid with bony or spiny
ridges. These ridges are particularly well developed in the
ghost flatheads. Platycephaloid jaws are filled with numerous
bands of small, conical teeth, but Ratabulus megacephalus has
strong canine teeth. Flatheads have two dorsal fins, the first
with true spines. Bembrids and hoplichthyids usually have a
single anal spine, but true anal spines are lacking in platy-
cephalids. Most flatheads are dark dorsally and pale ventrally.
The dark colors are various shades of brown, black, or gray,
but the more colorful taxa can be red, purple, and green. The
deepwater flatheads tend to be red, orange, and light brown,
and the ghost flatheads are typically yellow, pink, or brown.
Ghost flatheads and bembrids usually are smaller (11.8-15.7
in, or 30-40 cm) than the larger platycephalids (up to 27.6 in,
or 70 cm).

Distribution

The flying gurnards are distributed in tropical and tem-
perate waters in the Indo-Pacific and Atlantic Oceans. They
usually are found in nearshore environments, whereas larval
and juvenile dactylopterids are found in open ocean (pelagic)
environments, where they can be collected at night using at-
tracting lights and handheld dipnets.

The flatheads and relatives are distributed in the tropical
and temperate waters of the Indo-Pacific, Mediterranean, and
eastern Atlantic. Platycephalids are found on the continental
shelf at depths to 984 ft (300 m), but most are found at less
than 330 ft (100 m). Bembrids also live on the continental
shelf, but they typically are taken at deeper depths (hence their
common name, deepwater flatheads), down to 1,900 ft (581
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m). Although there are significantly fewer ghost flatheads,
they have a much wider depth distribution, ranging from 200
to 4,900 ft (60-1,500 m).

Habitat

Both the flying gurnards and flatheads typically are found
on the continental shelf in mud or sandy bottoms. There is
also a second group of flathead species commonly found in
rocky shore habitats and coral reefs.

Behavior

Although the common name of the dactylopterids sug-
gests that these fishes can fly, they cannot; only the true fly-
ing fishes (Exocoetidae) are capable of flight. It is for this
reason that many authors have suggested that the common
name be changed to helmet gurnards. It is likely that the gi-
ant pectoral fins are spread quickly, to scare “would-be”
predators, to communicate with conspecifics, or for con-
trolled gliding over the seafloor for prey. Dactylopterids can
produce sound by stridulating the hyomandibular bone. Flat-
heads and their allies are typical “lie and wait” predators that
spend most of their time buried completely or partially in
the sand or mud.

Feeding ecology and diet

“Walking” quickly over the seafloor by moving their pelvic
fins and their short pectoral fin rays alternately, flying
gurnards sift through the sandy bottom in search of the next
crustacean or fish, which they stir up and capture.

Lying on the seafloor buried partially beneath the sand,
flatheads wait to ambush the next crab, fish, or shrimp that
swims by. Like chameleons and flounders, flatheads have de-
veloped the ability to mimic the color pattern of the sub-
strate on which they are lying. Platycephaloids are modified
further for this “lie and wait” feeding strategy by special-
izations of the respiratory and pelvic structures that allow
them to breathe while they are buried and to accommodate
larger prey items. These numerous modifications make flat-
heads one of the premier ambush predators in the Indo-
West Pacific.

Flatheads and gurnards are preyed upon by mammals
(e.g. humans) and numerous species of larger, predatory
fishes.

Reproductive biology

Very little is known about the reproductive biology of the
flatheads and flying gurnards. All families produce pelagic,
nonadhesive eggs. Japanese researchers have shown that some
flatheads (e.g., Suggrundus meerdervoortii and Cociella crocodila)
begin life as males and undergo sex reversal to become fe-
males as they grow older.
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Conservation status

At the present time, no platycephaloid or dactylopterid
species are included on the IUCN’s Red List, although many
species are quite rare.

Significance to humans
Of the four families, only the platycephalids are a com-
mercially important food source for humans. Flying gurnards
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occasionally are fished for human consumption, but the fish-
eries are primarily for personal use. Bembrids and ho-
plichthyids do not have commercial fisheries, although the
flesh of the ghost flatheads is supposed to be of good quality.

Although none of these fishes is as common in the aquar-
ium trade as their lionfish or scorpionfish relatives, both
dactylopterids (e.g., Dactyloptena orientalis and Dactylopterus
volitans) and the crocodilefish (Cymbacephalus beauforti) occa-
sionally are available in the aquarium trade.
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1. Indian flathead (Platycephalus indicus); 2. Oriental helmet gurnard (Dactyloptena orientalis). (lllustration by Barbara Duperron)
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Species accounts

Oriental helmet gurnard
Dactyloptena orientalis

FAMILY
Dactylopteridae

TAXONOMY
Dactyloptena orientalis Cuvier, 1829, Red Sea.

OTHER COMMON NAMES
French: Grondin volant oriental; Spanish: Al6n oriental; Japan-
ese: Semihobo.

PHYSICAL CHARACTERISTICS

Grows to 15.7 in (40 cm) maximum length. Body moderately
elongate with large, heavily armored head and greatly ex-
panded winglike pectoral fins. Head broad and blunt, with
large eyes and a small subterminal mouth. A unique fish that
is gray to light brown, with dark brown and black spots on
its back and upper sides. The elongate first dorsal spine is
well separated from the second dorsal spine and the remain-
der of the first dorsal fin. The enlarged pectoral fins also are
spotted, with striking blue wavy lines near the margins of the
fins.

DISTRIBUTION

This widely distributed species ranges from the western Indian
Ocean and Red Sea east to the Polynesian and Hawaiian Is-
lands.

HABITAT
A benthic species that spends most of its time on sandy bot-
toms.

BEHAVIOR
A bottom-dwelling fish that quickly expands its pectoral fins as
a defensive behavior.

FEEDING ECOLOGY AND DIET
Feeds primarily on benthic crustaceans, clams, and fishes that
it stirs up as it “walks” along the seafloor.

REPRODUCTIVE BIOLOGY

Little is known about the reproductive biology of the Orien-
tal flying gurnards in the wild, although one aquarium whole-
saler has started offering aquacultured flying gurnards to
aquarists.

CONSERVATION STATUS
Not listed by the TUCN.

SIGNIFICANCE TO HUMANS

A specialty item in the aquarium trade and incidentally fished
in the Indo-Pacific, but not commercially collected for con-
sumption.

Platycephalus indicus

Dactyloptena orientalis
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Indian flathead
Platycephalus indicus

FAMILY
Platycephalidae

TAXONOMY
Platycepbalus indicus Linneaus, 1758, Asia.

OTHER COMMON NAMES
English: Bartail flathead; French: Platycéphale des Indes; Span-
ish: Chato indico; Japanese: Kochi.

PHYSICAL CHARACTERISTICS

Grows to 39.4 in (100 ¢cm) in maximum length. Characteristic
flattened head with various spinous ridges. Vomerine and
palatine teeth are canine-like, with broad bands of villiform
teeth in jaws. The two dorsal fins are well separated, with an
isolated short spine before the first dorsal fin. Body covered
with small ctenoid scales. Brownish coloration with eight or
nine obscure dusky bands over the back. All fins, except the
caudal fin, are covered with dusky spots on the rays. Caudal
fin has a median longitudinal black band below and two
oblique bands above.

Vol. 5: Fishes Il

DISTRIBUTION

Known from Israel and Egypt (entered the Mediterranean
through the Suez Canal), eastern Africa, India, Indonesia,
China, southern Japan, the Philippines, and Western Australia.

HABITAT
Typically found on rocky and soft bottoms at depths from 33
to 656 ft (10 to 200 m).

BEHAVIOR
A bottom-dwelling fish that spends most of its time buried be-
neath the sand or among rocks waiting to ambush its next prey.

FEEDING ECOLOGY AND DIET
Feeds primarily on benthic crustaceans and small fishes.

REPRODUCTIVE BIOLOGY

Little is known about the reproductive biology of the Indian
flathead.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS
Occasionally harvested, but not a fish of great commercial im-
portance. ¢
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(Scorpionfishes and relatives)

Class Actinopterygii
Order Scorpaeniformes
Number of families 14

Photo: A red lionfish (Pterois volitans) in the Coral
Sea. The lionfish can give vemonous stings from
its pelvic, dorsal, and anal spines. (Photo by JLM
Visuals. Reproduced by permission.)

Evolution and systematics

The approximately 1,400 species of mail-cheeked fishes
(order Scorpaeniformes), first grouped together by the nat-
uralist Georges Cuvier, are united because they share a sin-
gle remarkable feature. This feature, the suborbital stay, is a
bony strut that connects the bones under the eye with the
front of the gill cover. This character is found in all scor-
paeniforms except the Australian prowfishes (Pataccidae).
The gapers (Champsodontidae) are sometimes included in
the Scorpaeniformes, but here are included in the Trachi-
noidei chapter.

This chapter covers the suborder Scorpaenoidei. Because
scorpaenoids are the dominant group of venomous fishes, they
have one of the oldest and best-documented natural histories
(especially in terms of venomology), dating back almost 2,400
years. Even with this detailed historical record, the classifica-
tion and taxonomy of the Scorpaenoidei remain some of the
most difficult of all fish orders. The composition of the group
presented here follows Joseph Nelson’s 1994 book, Fishes of
the World. The classification of the scorpionfishes and sea
robins presented here is updated from Nelson’s book and fol-
lows more recent studies.

The Scorpaenoidei is divided into two groups: the sea
robins (composed of either one or two families) and the scor-
pionfishes and their relatives (composed of seven to thirteen
families). Following Hisashi Imamura’s 1996 analysis, there
are two families of sea robins: the sea robins (Triglidae, about
110 species) and the armored sea robins (Peristediidae, about
40 species). Following Minoru Ishida’s 1994 analysis and re-
cent work by Randall Mooi and David Johnson, there are 12
families of scorpionfishes: longfinned waspfishes (Apistidae,
three species), velvetfishes (Aploactinidae, about 40 species),
orbicular velvetfishes (Caracanthidae, four species), pigfishes
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(Congiopodidae, nine species), red velvetfish (Gnathanacan-
thidae, one species), gurnard perches (Neosebastidae, 12
species), prowfishes (Pataecidae, three species), scorpionfishes
(Scorpaenidae, some 200 species), rockfishes (Sebastidae,
roughly 125 species), midwater scorpionfishes (Setarchidae,
five species), stonefishes (Synanceiidae, about 35 species), and
waspfishes (Tetrarogidae, about 40 species).

Traditionally, the scorpionfishes and their relatives have
been grouped with the sea robins. Recent work suggests that
the sea robins might be related more closely to the flatheads
(Platycephaloidei); this hypothesis needs further testing. Gen-
erally, itis agreed upon that the Platycephaloidei and the Scor-
paenoidei make up the “scorpaenoid lineage.” All species in
this lineage are united by the presence of an opercular spine
(the largest bone that makes up the gill cover) that projects
beyond the subopercle (the posterior margin of the gill cover)
and a derived gas bladder muscle configuration. The Scor-
paenoidei usually is treated as the most primitive group of scor-
paeniforms, with the rockfishes (Sebastidae) representing the
basic body form. Some researchers have argued that the rock-
fishes have numerous derived features, including live birth and
modified gas bladder muscles, making them a poor choice for
a primitive form. Because of these disagreements and the
countless classifications that exist, a worldwide revision of the
group is needed. In particular, an analysis of morphological
and DNA sequence data is needed to resolve the remaining
questions in scorpaenoid phylogeny and classification.

Regardless of the classification used, there are no known
characters that unite all members of the Scorpaenoidei with
or without the sea robins and relatives (Triglidae and Peri-
stediidae). The scorpionfish and relatives clade can be bro-
ken into two groups. The first group is composed of the taxa
that have the first and/or second dorsal spines and supports
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A northern sea robin (Prionotus carolinus) “walking” on its fins in the
Gulf of Maine. (Photo by Andrew J. Martinez/Photo Researchers, Inc.
Reproduced by permission.)

articulating with the skull; this includes the families Aploac-
tinidae, Congiopodidae, Gnathanacanthidae, Pataecidae,
Synanceiidae, and Tetrarogidae. The remaining seven fami-
lies have the traditional arrangement where the dorsal fin be-
gins beyond the posterior margin of the skull. Recent work
has suggested that the Australian prowfishes (Pataecidae)
might not be related to the other scorpionfishes.

The scorpionfishes and their relatives first appear in the fos-
sil record with an Eocene otolith (ear stone) record identified
as Scorpaenoideorum prominens from the London Clay Forma-
tion in southern England. Another scorpaenoid fossil from the
Miocene is the earliest scorpaenoid known from skeletal re-
mains. This specimen is a fossil stonefish, Eosynanceja braban-
tica, from Belgium, which is known from a handful of bones,
including portions of the jaw, cheek, and vertebral column.

Physical characteristics

Most sea robins and armored sea robins are medium-sized
fishes, up to 15.7 in (40 cm). Their most conspicuous char-
acters are their greatly expanded pectoral fins and a head that
is completely encased in bony plates. The armored sea robins,
as their name suggests, take this protection one step further.
Their entire body is covered with spine-bearing plates. Like

A spotted scorpionfish (Scorpaena plumieri) is well camouflaged in the
coral of the Caribbean. (Photo by Animals Animals ©Franklin J. Viola.
Reproduced by permission.)
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A Pacific spotted scorpionfish (Scorpaena mystes) mimicking the col-
orful sponges near Darwin Island, Galapagos Islands. (Photo by Fred
McConnaughey/Photo Researchers, Inc. Reproduced by permission.)

the flying gurnards (Dactylopteridae) and some stonefishes
(Synanceiidae), both families have detached, fingerlike pec-
toral rays that they use as tactile and chemoreceptive organs.
These elongate, free rays also are used for “walking” along
the seafloor in search of prey.

The scorpionfishes and their relatives have a wide range
of sizes, from the smallest velvetfishes at 0.8-1.2 in (2-3 cm)
to the largest rockfishes at about 39.4 in (about 100 cm). Their
diversity of sizes is matched by their diversity in body forms,
with only numerous sharp spines being common to all species,
although most species could be described as “bass-like.” Scor-
paenoids fall into one of two categories. The first group is
composed of the brightly colored, highly venomous species
(e.g., the lionfishes) that hover around coral reefs displaying
their warning coloration. The second category is made up of
the cryptic species. These species tend to be dominated by
colors that mimic their surroundings. Additionally, these
species are covered with numerous cirri, fleshy appendages,
spines, and ridges; these appendages provide additional cam-
ouflage.

Distribution

The Scorpaenoidei has a worldwide distribution in tropi-
cal and temperate marine waters. Most scorpaenoids (e.g.,
Scorpaenidae, Synanceiidae, Aploactinidae, and Tetrarogi-
dae) are found primarily in the tropical Indo-Pacific. One
tetrarogid, the bullrout (Notesthes robusta) from eastern Aus-
tralia, is the only freshwater scorpaenoid. The other center
of diversity for the scorpaenoids is the northern Pacific Ocean,
which is dominated by the more than 80 species of rockfishes
(Sebastidae).

Habitat

Almost all scorpaenoids are benthic predators that are
found in rocky, sea grass, or coral habitats. Basically, scorpi-
onfishes can be found in any topographically complex envi-
ronment, where they can use their cryptic coloration and
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appendages to hide. Typically, sea robins, which are not as
cryptic, are more common on sandy, rocky, or muddy habi-
tats. Finally, the deep-water or midwater setarchids and ar-
mored gurnards are benthic species that are found at depths
up to 6,562 ft (2,000 m), although most species are found at
less than 2,297 ft (700 m).

Behavior

There are few generalizations that can be made about the
behavior of scorpaenoid fishes. Most scorpaenoids are terri-
torial and lead solitary lives, except for the formation of mat-
ing aggregations. Scorpaenoids are masters of disguise. Many
species have cryptic coloration; numerous leaflike appendages,
or cirri; epibiotic growth; and bony ridges that give the ap-
pearance of rocks. Other scorpaenoid species have specialized
pectoral fins that allow them to bury themselves in the sand.
All of these features help scorpaenoids blend into their envi-
ronment as they lie waiting for prey.

In addition to their camouflage and mimicry, scorpaenoids
are protected in their environment by their pungent, ven-
omous dorsal spines. Almost all scorpaenoids, except such
groups as prowfishes (Pataecidae) and sea robins and their
allies (Triglidae and Peristediidae), have venom glands asso-
ciated with the fin spines. The venom from these glands has
both neurotoxic (affecting the nervous system) and hemo-
toxic (affecting the blood vessels) action, which has led to nu-
merous human fatalities and given these species their
infamous reputation. The venom of the colder-water species
(e.g., the rockfishes, Sebastidae) generally has less severe ef-
fects, and that of the stonefishes (Synanceiidae) and lionfishes
(Pterois) is most deadly. The stonefishes, in particular, have
devised a particularly dastardly venom apparatus that has a
hollowed-out dorsal spine with muscular control, which ba-
sically gives them a hypodermic needle to inject their deadly
venom. Fortunately, we have learned that the effects of the
venom are minimized if the affected area is soaked in very
hot (not boiling) water to help denature the proteins; addi-
tionally, topical treatment with stonefish antivenoms limits
the damage.

A red lionfish (Pterois volitans) eating a zebra turkeyfish (Dendrochirus
zebra). (Photo by Tom McHugh/Steinhart Aquarium/Photo Researchers,
Inc. Reproduced by permission.)
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A tub gurnard (Chelidonichthys Ilucerna) on top of a European plaice
(Pleuronectes platessa). (Photo by Tom McHugh/Photo Researchers,
Inc. Reproduced by permission.)

Feeding ecology and diet

Almost all scorpaenoids are benthic predators that feed pri-
marily on crustaceans and smaller fishes. Most species are typ-
ical lie-and-wait predators that use their highly camouflaged
bodies and burst speed to capture prey. The sea robins (Trigl-
idae) have excised pectoral rays that are chemoreceptive.
These fishes run these fingerlike rays through the sand or
mud to locate prey as they walk along the seafloor. Adult scor-
paenoid fishes are rarely preyed upon because of their pow-
erful venom, but venomous juveniles and less venomous
species (e.g., rockfishes) are preyed upon by larger fishes, hu-
mans, and pinnipeds (e.g., California sea lion).

Reproductive biology

There are numerous reproductive modes in the Scor-
paenoidei. All species are iteroparous (having more than one
spawning event per lifetime) and have many sexual partners
(at least the males). One of the most interesting scorpaenoid
reproductive strategies is live birth, which is found in some

The face of a tub gurnard (Chelidonichthys lucerna) near Brittany,
France, in the Atlantic Ocean. (Photo by Jeff Rtman/Photo Researchers,
Inc. Reproduced by permission.)
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rockfishes (Sebastidae). The live-born Sebastes embryos are in-
teresting, because they derive nutrients both from the yolk
sac and directly from the mother. A possibly related repro-
ductive strategy is used by many scorpaenoids (e.g., Pterois
and Sebastolobus). In this strategy, the male inseminates the fe-
male, and then the female extrudes the fertilized eggs in a
gelatinous mass that floats at the surface. There are many
scorpaenoid species that are typical broadcast spawners with
planktonic larvae, for example, sea robins (Triglidae) and pig-
fishes (Congiopodidae). Last, there are two scorpaenoid fam-
ilies whose reproductive biology is unknown—orbicular
velvetfishes (Caracanthidae) and velvetfishes (Aploactinidae).

Conservation status

At the present time, there are four scorpaenoids listed by
the IUCN. First is the deepwater jack, Pontinus nigropuncta-
tus, from Saint Helena, which is considered Vulnerable. The
redfish, Sebastes fasciatus, from the northwest Atlantic and Se-
bastolobus alascanus from the northeast Pacific, are considered
Endangered. Finally, the bocaccio, Sebastes paucispinis, from
the northeast Pacific is considered Critically Endangered.
These species, except for the deepwater jack, have been re-
duced to critical levels because of the pressures of overfish-
ing. A recent report suggests that another eleven species of
rockfishes (Sebastidae) also should be given protected status
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in North America because of continually declining numbers
due to overfishing.

Significance to humans

Despite their venomous nature, many scorpaenoids sup-
port important commercial and recreational fisheries world-
wide. The rockfish fishery in the northern Pacific and Atlantic
is one of the best known. Unfortunately, many Sebastes species
have been overfished. This exploitation is due to numerous
factors, including life history traits, oceanography, and the
difficulty in identifying larval species, which interferes with
accurate population management. Another interesting scor-
paenoid fishery is the commercial harvesting of the highly
venomous stonefish, Synanceia verrucosa, for live fish markets
in Hong Kong. This fishery has been so successful that there
is serious discussion about aquaculturing the highly venomous
stonefish species.

The lionfishes (Prerois and Dendrochirus) make up one of
the dominant groups of fishes in the marine aquarium trade.
These fishes are not bred in captivity; all are collected from
the wild. In addition to the large number of lionfishes that
are collected annually, many other scorpaenoids are collected
occasionally for the aquarium trade (e.g., the weedy scorpi-
onfish (Rhinopias), the sea robin (Prionotus), and the bearded
ghoul (Inimicus).
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1. Bearded ghoul (Inimicus didactylus); 2. Ocellated waspfish (Apistus carinatus); 3. Crested scorpionfish (Ptarmus jubatus); 4. Striped sea robin
(Prionotus evolans); 5. Deepwater scorpionfish (Setarches guentheri); 6. South American pigfish (Congiopodus peruvianus); 7. Reef stonefish
(Synanceia verrucosa); 8. Cockatoo waspfish (Ablabys taenianotus). (lllustration by Jonathan Higgins)
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1. Belalang (Gargariscus prionocephalus); 2. Red lionfish (Pterois volitans); 3. California scorpionfish (Scorpaena guttata); 4. Red indianfish (Patae-
cus fronto); 5. Merlet’s scorpionfish (Rhinopias aphanes); 6. Bocaccio (Sebastes paucispinis); 7. Red gurnard (Chelidonichthys spinosus); 8. Spot-
ted coral croucher (Caracanthus maculatus). (lllustration by Jonathan Higgins)
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Species

Ocellated waspfish

Apistus carinatus

FAMILY
Apistidae

TAXONOMY
Apistus carinatus Bloch and Schneider, 1801, Tranquebar, India.

OTHER COMMON NAMES
English: Bearded waspfish; French: Rascasse ocellée; Spanish:
Rascacio ocelado; Japanese: Hachi.

PHYSICAL CHARACTERISTICS

Reaches 6.7 in (17 cm) maximum length. An orange, bronze, or
gray scorpionfish, with greatly expanded pectoral fins and free
pectoral rays, similar to those seen in sea robins and stingfishes.
Becomes increasingly white ventrally, with a characteristic ocel-
lated black spot on the posterior half of the spinous dorsal fin.

DISTRIBUTION

Widely distributed species found throughout the Indian Ocean
and the western Pacific. They range from South Africa north
to the Red Sea and Persian Gulf in the western Indian Ocean
and from China and Japan south to Australia in the Pacific.

HABITAT
Typically collected on the continental shelf on muddy or sandy
bottoms at depths ranging from 66-197 ft (2060 m).

BEHAVIOR

The ocellated waspfish, like sea robins and stingfishes, moves
slowly over the seafloor, searching through the soft bottom
with its free pectoral rays. It is highly venomous.

FEEDING ECOLOGY AND DIET
Like most scorpionfishes, the ocellated waspfish feeds primarily
on crustaceans and fishes; it is preyed upon by humans.

Apistus carinatus

Ablabys taenianotus
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accounts

REPRODUCTIVE BIOLOGY
Little is known about the reproductive biology of the ocellated
waspfish.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS

The ocellated waspfish is a commercially important food fish
that is collected by trawls and seines in small quantities. This
fish is sold in markets either fresh or dried and salted.

Crested scorpionfish

Prarmus jubatus

FAMILY
Aploactinidae

TAXONOMY
Ptarmus jubatus Smith, 1935, Natal Coast, South Africa.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Grows to 3.9 in (10 cm) maximum length. As is implied by
the common name of their family, velvetfishes such as the
crested scorpionfish have a derived “knobby” scale morpho-
logical feature that makes them feel velvety to the touch. The
single, continuous dorsal fin originates over the eye. This
species typically varies in coloring from light brown to black.
It can be covered with white spots and has a black stripe
through its eye.

DISTRIBUTION
Can be found from southern Mozambique down to the Natal
coast of South Africa.

HABITAT
Usually found in relatively shallow water, particularly in weedy
areas.

BEHAVIOR
Nothing is known.

FEEDING ECOLOGY AND DIET
The diet of these fishes is unknown, but it is likely that they
feed primarily on crustaceans. May be eaten by larger fishes.

REPRODUCTIVE BIOLOGY
Nothing is known.

CONSERVATION STATUS
Not listed by the TUCN.

SIGNIFICANCE TO HUMANS

Not collected commercially and reported to be nonvenomous.
*
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Pterois volitans

Ptarmus jubatus

Spotted coral croucher
Caracanthus maculatus

FAMILY
Caracanthidae

TAXONOMY
Caracantbus maculatus Gray, 1831), Tuamotu Island, Polynesia.

OTHER COMMON NAMES
Japanese: Dango-okoze.

PHYSICAL CHARACTERISTICS

Reaches 1.6 in (4 cm) in maximum length. Small, rounded, lat-
erally compressed fishes, with small pectoral fins and pelvic fins
with one spine and three rays. Their bodies are covered with
papillae, giving them a furry or velvet-like appearance. Typi-
cally gray laterally, with numerous red spots on the dorsal and
lateral surfaces.

DISTRIBUTION
Can be found from southern Japan to southeastern Polynesia,
Australia, and the East Indies.

HABITAT
These inconspicuous fishes can be found among the branches
of Acropora, Poecillopora, and Stylophora corals.

BEHAVIOR

Coral crouchers spend most of their time among the branches
of corals, rarely venturing away from the coral head. It is not
known whether they are venomous.

FEEDING ECOLOGY AND DIET

Little is known about the feeding ecology and diet of these
enigmatic scorpionfishes.
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REPRODUCTIVE BIOLOGY

Little is known about the reproduction of the spotted coral
croucher.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS

These fishes are too small to be commercially fished, but they
are occasionally collected for the aquarium trade, where they
are marketed as “gumdrops.” &

South American pigfish

Congiopodus peruvianus

FAMILY
Congiopodidae

TAXONOMY
Congiopodus peruvianus Cuvier, 1829, San Lorenzo Island, Peru.

OTHER COMMON NAMES
Spanish: Pez chancho, chanchito; Japanese: Apachhi.

PHYSICAL CHARACTERISTICS

Grows to 11 in (28 cm) maximum length. Laterally com-
pressed, with a single, sail-like dorsal fin. Snout has a single
nostril on each side. The body is light brown with irregular
dark blotches and spots, particularly on the dorsal fin. Addi-
tionally, there is a black band on the caudal peduncle and cau-
dal fin.

Grzimek’s Animal Life Encyclopedia



Vol. 5: Fishes Il

Order: Scorpaeniformes Il

Cheliodonichthys spinosus

Caracanthus maculatus

DISTRIBUTION
This pigfish can be collected off the coast of South America in
both the southeastern Pacific and southwestern Atlantic.

Scorpaena guttata

Congiopodus peruvianus

Grzimek’s Animal Life Encyclopedia

HABITAT

This is a demersal species that usually is taken at depths from
66-492 ft (20-150 m).

BEHAVIOR

As is seen in some other scorpionfishes, the molting or shed-
ding of skin has been reported in congiopodids. These scorpi-
onfishes are not venomous.

FEEDING ECOLOGY AND DIET
Very little is known about the diet of pigfishes. May be eaten
by larger predatory fishes.

REPRODUCTIVE BIOLOGY
Nothing is known.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS
Although the flesh of this species is edible, it is rarely eaten. ®

Red indianfish

Pataecus fronto

FAMILY
Pataecidae

TAXONOMY
Pataecus fronto Richardson, 1844, Southern Australia.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS
Grows to 11.8 in (30 cm) maximum length. An unusual-look-
ing fish that is highly compressed, with a high dorsal fin con-
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Pataecus fronto
Inimicus didactylus

Gargariscus prionocephalus

fluent with the caudal fin. The color varies but usually ranges
from brownish orange to bright red. Their bodies often are
covered by dark blotches dorsally.

DISTRIBUTION
Found in southern Australia from southern Queensland to
eastern Victoria.

HABITAT

It is difficult to observe red indianfishes because of their excel-
lent camouflage. When they are seen, they are found in rocky
reefs and estuaries, often in similarly colored sponge beds.

BEHAVIOR

Red indianfishes often shed the outer layer of skin to help get
rid of epibiotic growth (algae or bryozoans), which acts as cam-
ouflage. Additionally, these fishes have an unusual “swimming”
style that mimics a dead leaf floating in the water; they basi-
cally twist and spin as the fall back to the sea floor. The red
indianfish is not venomous.

FEEDING ECOLOGY AND DIET

Little is known about the diet of red indianfishes, but their diet
probably consists primarily of shrimps and other crustaceans.
May be eatern by larger predatory fishes.

REPRODUCTIVE BIOLOGY
Little is known about the reproductive biology of these fishes.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS

This species is not commercially fished, but they are occasion-
ally captured in commercial trawl nets. ®
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Belalang

Gargariscus prionocephalus

FAMILY
Peristediidae

TAXONOMY
Guargariscus prionocephalus Duméril, 1869, Sulawesi, Indonesia.

OTHER COMMON NAMES
Japanese: Onikihobé.

PHYSICAL CHARACTERISTICS

Reaches 11 in (28 ¢cm) maximum length. Coloring is orange to
red, with black bands on the dorsal and pectoral margins. Its
body is entirely encased in spine-bearing plates. There are
seven large barbels on the lower jaw and a pair of sculptured
rostral projections on the snout.

DISTRIBUTION
Distributed from Japan and the Philippines south to northern
Australia.

HABITAT
A deepwater species that typically is taken on the continental
shelf. It is collected at depths greater than 657 ft (200 m).

BEHAVIOR
Little is known. They do not appear to be venomous.

FEEDING ECOLOGY AND DIET

The diet consists primarily of crustaceans. Preyed upon by
larger predatory fishes.
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REPRODUCTIVE BIOLOGY
Nothing is known about their reproductive biology, but other
armored gurnards produce small pelagic eggs.

CONSERVATION STATUS
Not listed by the ITUCN.

SIGNIFICANCE TO HUMANS
"This species is rare, so it is not of commercial importance. ¢

Red lionfish

Pterois volitans

FAMILY
Scorpaenidae

TAXONOMY
Pterois volitans Linnaeus, 1758, Moluccas Island, Indonesia.

OTHER COMMON NAMES

English: Volitan lionfish, butterfly cod, red firefish, turkeyfish;
French: Poisson volant; German: Rotfeuerfisch; Japanese:
Hana-minokasago, ominokasago.

PHYSICAL CHARACTERISTICS

Reaches 13.8 in (35 cm) maximum length. One of the most
easily recognized of all marine fishes. The most striking fea-
tures of the red lionfish are its banded (reddish to black) head
and body and its unique pectoral configuration. The long,
flowing pectoral rays have varying degrees of connecting mem-
branes, giving them the distinctive appearance of separate
threadlike projections. The dorsal and anal fins are covered
with dark rows of spots on a clear to yellowish background. All
of the non-pelvic spines—these include the pectoral, anal, and
dorsal spines—are venomous.

DISTRIBUTION

A wide-ranging species found throughout the Indo-Pacific re-
gion. Recently, populations of the red lionfish have become es-
tablished on the Atlantic coast of the United States,
presumably released by aquarium wholesalers in Florida fol-
lowing Hurricane Andrew in 1992. This introduced species has
been collected from the Florida Keys north to North Carolina
and the southern coast of Long Island, New York.

HABITAT

Usually found in lagoon and seaward reefs. Typically, it is a
fairly shallow-water species, but it can be found as deep as 164
ft (50 m). They tend to hide among rocks or in caves during
the day.

BEHAVIOR

The audacity of the colors of this species is a clear warning
sign for its exceedingly venomous spines. This species flexes its
pectoral fins quickly to charge aggressors with its extended
dorsal spines.

FEEDING ECOLOGY AND DIET

This species, like most species of Prerois, is a voracious preda-
tor that feeds primarily on small fishes, shrimps, and crabs. It
has been reported that it can eat as much as 8.2 times its body
weight per year. Feeds primarily at night, when it uses its
widespread pectoral fins to trap prey into a corner. Preyed
upon by humans.
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REPRODUCTIVE BIOLOGY

Primarily solitary, but a single male forms aggregations with
females for mating. Courtship begins at twilight and is initiated
by the male. Females generally produce two tubes composed of
mucus and between 2,000 and 15,000 eggs. Shortly after the
females release the eggs, the tubes swell with seawater and are
penetrated by the male’s sperm. Fertilization proceeds, and the
larvae hatch after 36-48 hours.

CONSERVATION STATUS
Not listed by the TUCN.

SIGNIFICANCE TO HUMANS

Collected in large numbers for the aquarium trade. Despite its
venomous nature, the red lionfish also is harvested commer-
cially for food. &

Merlet’s scorpionfish
Rhbinopias aphanes

FAMILY
Scorpaenidae

TAXONOMY
Rbinopias aphanes Eschmeyer, 1973, New Caledonia.

OTHER COMMON NAMES
English: Weedy scorpionfish.

PHYSICAL CHARACTERISTICS

Grows to 10.2 in (26 cm) maximum length. A compressed,
large-headed scorpaenid, with an upturned mouth. Typically
yellow and black, forming a paisley or “mazelike” appearance.
Predominately brown, green, and black specimens also have
been recorded. The body and head of this species are covered
with cirri and other fleshy appendages.

DISTRIBUTION

Has been collected in northeastern Australia, New Caledonia,
New Guinea, and southern Japan but probably is more wide-
spread in the western Pacific.

HABITAT
Little is known about this cryptic species, but it often is found
sitting on corals and appears to be most common on coral slopes.

BEHAVIOR

Like many other scorpaenoid fishes, this cryptic fish appears to
shed its skin periodically to prevent the buildup of too much
epibiotic growth. The presence or absence of venom in this
species has not been reported.

FEEDING ECOLOGY AND DIET
The diet is unknown, but most other species of Rhinopias feed
primarily on crustaceans and small fishes.

REPRODUCTIVE BIOLOGY
Nothing is known.

CONSERVATION STATUS
Not listed by the TUCN.

SIGNIFICANCE TO HUMANS

Not commercially fished, but numerous other Rhinopias
species are prized aquarium specimens. It is likely that
Merlet’s scorpionfish may already be imported for the
aquarium trade. ¢
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Rhinopias aphanes

Setarches guentheri

California scorpionfish
Scorpaena guttata

FAMILY
Scorpaenidae

TAXONOMY
Scorpaena guttata Girard, 1854, Monterey, California.

OTHER COMMON NAMES
English: Sculpin; French: Rascasse californienne; Spanish: Ras-
cacio californiano, escorpién californiano.

PHYSICAL CHARACTERISTICS

Reaches 16.5 in (42 cm) maximum length. Like most scor-
paenids, it is a well-camouflaged, spiny, massive fish. The
coloring varies widely, from a deep red through light brown.
Black, dark brown, and maroon spots cover the body and
fins.

DISTRIBUTION
Found from Santa Cruz, California, south to southern Baja
California. This species also is found in the Gulf of California.

HABITAT

These scorpionfishes are most abundant on hard bottoms, par-
ticularly rocky reefs, caves, and man-made structures, such as
wrecked ships. Additionally, they can be found on muddy and
sandy bottoms.

BEHAVIOR

Although most scorpionfishes and their allies are venomous,
the California scorpionfish is the most venomous fish regularly
collected off the California coast.
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FEEDING ECOLOGY AND DIET
The diet of these predators primarily consists of crabs, but
small fishes, octopi, and other crustaceans also are eaten.

REPRODUCTIVE BIOLOGY

Unlike most marine fishes, females produce eggs that are
imbedded within the gelatinous walls of pear-shaped structures
that float near the surface. After five days, the eggs hatch
within these structures. The larval fishes that emerge have an
integument that has an inflated appearance and is vesiculate.
The larvae remain in plankton until they reach the length of
0.6-0.8 in (15-20 mm), upon which they settle in their adult
habitat.

CONSERVATION STATUS
Although the species represents a fairly important fishery, they
currently are not threatened as are some of their rockfish relatives.

SIGNIFICANCE TO HUMANS

Supports an important commercial and sport fishery in south-
ern California and Ensenada, Baja California. Most fishes are
taken in the spring and summer months, when commercial
fishermen target spawning aggregations using hook and line,
gill nets, and otter trawls. ®

Bocaccio
Sebastes paucispinis

FAMILY
Sebastidae

TAXONOMY
Sebastes paucispinis Ayres, 1854, California.
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OTHER COMMON NAMES
English: Rock salmon; Spanish: Rocote bocaccio.

PHYSICAL CHARACTERISTICS

Grows to 37.4 in (95 cm) maximum length. Bocaccios are one
of the most elongate rockfishes in California and one of the
least spiny rockfishes. They tend to be reddish brown on

the dorsal surface, pink or brown on the flanks, and silver
ventrally. Juveniles and small adults are reddish brown with
dark spots.

DISTRIBUTION
Widespread from Alaska to Baja California. They are most
abundant from British Columbia to Washington.

HABITAT

Juveniles typically are collected in shallow waters under drift-
ing kelp mats that have broken free. Adults form benthic ag-
gregations over hard and rocky bottoms at depths ranging
from 164 to 984 ft (50-300 m).

BEHAVIOR

Bocaccios are a mobile rockfish. Tagged juveniles often are re-
captured 60-80 mi (97-129 km) away from their point of ori-
gin. As with many other scorpaenoids, the bocaccio is
venomous, but the venom is comparatively weak (although lo-
cal fishermen suggest that they are the most venomous of the

rockfishes).

FEEDING ECOLOGY AND DIET

Juveniles feed on small fishes, particularly other rockfishes.
Adults feed on rockfishes, sablefishes (Anoplopomatidae), an-
chovies (Engraulidae), and squids. Eaten by larger fishes and
pinnipeds.

Order: Scorpaeniformes Il

REPRODUCTIVE BIOLOGY

As with all sebastids, the bocaccio is viviparous (live bearing).
Large females can produce more than two million eggs per
season, which are released as larvae in two or more batches.
Rockfish larvae remain in the upper 263 ft (80 m) of the water
column for several months. This stage is followed by a pelagic
juvenile stage that lasts one to several months, after which the
larvae settle.

CONSERVATION STATUS

The bocaccio is the only Critically Endangered scorpaenoid.
This listing suggests that the population size has decreased by
more than 80% in about the last ten years of the twentieth cen-
tury, owing to the pressure of overfishing and the low mini-
mum population doubling time, which is longer than 14 years.

SIGNIFICANCE TO HUMANS

As their population decline suggests, bocaccios traditionally
have been a very important commercial and recreational food
fish in the eastern Pacific. When they were more abundant,
they represented more than 14% of the total marine recre-
ational catch of California.

Deepwater scorpionfish
Setarches guentberi

FAMILY
Setarchidae

TAXONOMY
Setarches guentheri Johnson, 1862, Madeira.

Synanceia verrucosa

Sebastes paucispinis

Grzimek’s Animal Life Encyclopedia

175



Order: Scorpaeniformes Il

OTHER COMMON NAMES
English: Channeled rockfish; French: Rascasse serran; Spanish:
Rascacio serrano; Japanese: Shirokasago.

PHYSICAL CHARACTERISTICS

Grows to 9.4 in (24 cm) maximum length. Typically gray or a
shade of orange or pink. As is seen with many deepwater
fishes, the skeleton is poorly ossified, and the head is cav-
ernous.

DISTRIBUTION

Described as the most widely distributed scorpaenoid, because
it has been collected worldwide in all tropical and temperate
deep waters.

HABITAT
A benthic species that lives on or near the bottom at depths
between 591-2,297 ft (180-700 m).

BEHAVIOR
Nothing is known about the behavior of this species.

FEEDING ECOLOGY AND DIET

Preliminary investigations into the diet of this species suggest
that it eats deepwater crustaceans, including oplophorids and
amphipods.

REPRODUCTIVE BIOLOGY
Nothing is known.

CONSERVATION STATUS
Not listed by the TUCN.

SIGNIFICANCE TO HUMANS

No commercial fishery exists for this deepwater species, al-
though it can be found occasionally in eastern Atlantic fish
markets.

Bearded ghoul

Inimicus didactylus

FAMILY
Synanceiidae

TAXONOMY
Inimicus didactylus Pallas, 1769, Indian Ocean.

OTHER COMMON NAMES
English: Demon stinger, popeyed sea goblin, spiny devilfish;
Japanese: Hime-oniokoze.

PHYSICAL CHARACTERISTICS

Grows to 7.9 in (20 cm) maximum length. The bearded ghoul
is best recognized by the shape of its head and its elongate
pectoral fins, which it uses for crawling along the bottom. This
species can be distinguished by the pattern on the medial sur-
face of its pectoral fin, which has a broad, dark, transverse bar
that may be streaked.

DISTRIBUTION
Distributed from southern Japan and Indonesia to Australia,
the Solomon Islands, and New Caledonia.

HABITAT
A benthic species found on open sandy or silty bottoms, partic-
ularly in estuaries, lagoons, and seaward reefs.
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BEHAVIOR

A particularly venomous species that is capable of killing a hu-
man. Like most stonefishes, this species is a lie-and-wait preda-
tor that relies on its cryptic coloration and body form to
surprise prey.

FEEDING ECOLOGY AND DIET
Feeds primarily on crustaceans, but small fishes also are preyed
upon.

REPRODUCTIVE BIOLOGY
Little is known about the reproductive biology of this species.

CONSERVATION STATUS
Not listed by the TUCN.

SIGNIFICANCE TO HUMANS

Because of its small size, this species is not fished commer-
cially; however, despite the fact that these fishes are highly
venomous, they are collected occasionally for the aquarium
trade, where they are sold as “popeyed sea goblins.” &

Reef stonefish

Synanceia verrucosa

FAMILY
Synanceiidae

TAXONOMY
Synanceia verrucosa Bloch and Schneider, 1801, Indian Ocean.

OTHER COMMON NAMES
English: Stonefish, dornorn; French: Poisson pierre commun;
Japanese: Oni-darumaokoze.

PHYSICAL CHARACTERISTICS

Reaches 15.7 in (40 cm) maximum length. The reef stonefish is
among the best-camouflaged species in the world. Most of
these fishes look like encrusted rocks or pieces of coral. Most
specimens are dark brown or gray, but they usually have
patches of yellow, red, or orange.

DISTRIBUTION

This is the most widely distributed stonefish. It can be found
throughout the Indo-Pacific from Africa to the Tuomoto
Archipelago.

HABITAT

Usually found living among rubble, on coral bottoms, or under
rocks or ledges. They also are found on sandy or muddy bot-
toms, where they often bury themselves.

BEHAVIOR

This is the world’s most venomous fish. Unlike most scor-
paenoids, the stonefishes have grooves in their dorsal spines
that act like syringes to deliver venom.

FEEDING ECOLOGY AND DIET
This species feeds primarily on small fishes and crustaceans
that swim by.

REPRODUCTIVE BIOLOGY

Stonefishes are typically solitary creatures, but they do form
larger aggregations for mating. The reef stonefish has external
fertilization, and produces comparatively large eggs.
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CONSERVATION STATUS
Not listed by the [TUCN.

SIGNIFICANCE TO HUMANS

Despite the extreme danger associated with collecting this
species, there are commercial fisheries for both dead and live
fish markets. In addition to their commercial fishery, stone-
fishes make their way into the aquarium trade. The sting of the
stone fish is extremely painful and is followed by rapid swelling
around the wound. The severity of the response is related to
the depth of the penetration by the spines. The treatment of
the wound consists of bathing the stung area in very hot water
until the victim can be hospitalized. For more serious stings, it
is often advisable for stonefish antivenin to be given intramus-
cularly. The stonefish antivenin is composed of purified anti-
bodies against stonefish venoms and venom components. These
antibodies are harvested from laboratory animals, which are
given small doses of the venom. Eventually, these animals build
up a tolerance to the venom, which allows them to produce the
large quantity of venom antibodies required for the antivenin. &

Cockatoo waspfish
Ablabys taenianotus

FAMILY
Tetrarogidae

TAXONOMY
Ablabys taenianotus Cuvier, 1829, Mauritius.

OTHER COMMON NAMES
English: Rogue fish.

PHYSICAL CHARACTERISTICS

Grows to 5.9 in (15 ¢cm) maximum length. A strongly com-
pressed waspfish with a sail-like dorsal fin that originates above
the eye. Cockatoo waspfishes are reddish brown with black
lines and black and white blotches sprinkled over the dorsal
and lateral surfaces.

DISTRIBUTION

Widely distributed in the western Pacific as far north as Japan
and south to Australia and Fiji. Can be found as far west as In-
dia and as far east as the Society Islands.

HABITAT

A cryptic species that typically is collected among seaweed in
littoral or rocky intertidal habitats in shallow depths to 263 ft
(80 m).

BEHAVIOR

Cockatoo waspfishes tend to be more active at dusk or night. As
is seen in some other scorpaenoids, this species often is found
rocking back and forth in response to the surge, to mimic the
seaweed that surrounds it. This species is quite venomous.

FEEDING ECOLOGY AND DIET
Like many waspfishes, this species feeds primarily on small
crustaceans, particularly shrimps, and smaller fishes.

REPRODUCTIVE BIOLOGY
Little is known.

CONSERVATION STATUS
Not listed by the [TUCN.
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SIGNIFICANCE TO HUMANS
Not commercially fished but collected for the aquarium trade. ¢

Red gurnard
Chelidonichthys spinosus

FAMILY
Triglidae

TAXONOMY
Chelidonichthys spinosus McClelland, 1844, China.

OTHER COMMON NAMES
Japanese: Hobé.

PHYSICAL CHARACTERISTICS

Reaches 15.7 in (40 cm) maximum length. Head encased in
bony armor with short rostral projections. Body coloration
varies from brown to light orange or red when under stress.
The dorsal surface of this species has brown patches, and the
inner surface of the pectoral fins is olive to dark green, with
scattered blue or white spots.

DISTRIBUTION
Found from southern Hokkaido (Japan) south to the South
China Sea.

HABITAT
Found on sandy bottoms.

BEHAVIOR

The red gurnard, like all sea robins, spends much of its time
“walking” on the seafloor, using its free pectoral rays to probe
the sediment for food. Capable of making sounds using drum-
ming muscles that are beaten against the gas bladder. Venom
has not been found.

FEEDING ECOLOGY AND DIET
The diet consists mainly of various crustaceans and mollusks.
Preyed upon by larger predatory fishes.

REPRODUCTIVE BIOLOGY

The red gurnard produces large pelagic eggs. There have been
numerous reports of increased male grunting during the breed-
ing season, suggesting that auditory signals are important in
mate selection.

CONSERVATION STATUS
Not listed by the TUCN.

SIGNIFICANCE TO HUMANS
An excellent food fish. Taken by trawlers throughout its
range. ¢

Striped sea robin
Prionotus evolans

FAMILY
Triglidae

TAXONOMY
Prionotus evolans Linnaeus, 1766, North or South Carolina,
United States.
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OTHER COMMON NAMES
French: Grondin volant; Spanish: Rubio volador.

PHYSICAL CHARACTERISTICS

Reaches 17.7 in (45 cm) maximum length. Characterized by a
large bony head with many ridges and spines and a bifurcate
lateral line on the tail. The striped sea robin is white ventrally,
with various shades of golden, brown, and orange on the sides
and dorsal surface. It often has dark saddles underneath the
dorsal fins and is best distinguished from other species by the
two thin, black stripes running along the side of the body. The
dorsal stripe runs the entire length of the fish along the lateral
line, and the smaller, incomplete stripe is situated below. The
tail has two black bars with a light area between them.

DISTRIBUTION

Found from southern Nova Scotia down the Atlantic Coast of
North America to northeastern Florida. Typically collected at
depths of less than 200 ft (61 m) but have been found at depths
as great as 550 ft (168 m).

HABITAT
Usually found on sandy bottoms. It often can be taken in in-
shore estuaries or over reefs, particularly in summer months.

BEHAVIOR
The striped sea robin uses its free pectoral rays to “walk”
along the seafloor in search of prey. The sea robins along
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the Atlantic Coast of North America are famous for their
ability to produce sounds by “beating” the swim bladder
muscles against the gas-filled swim bladder, making a charac-
teristic grunting noise. Typically, the striped sea robin is
found offshore, but the species makes migrations into the
deeper, more saline estuaries for breeding. This species is
not venomous.

FEEDING ECOLOGY AND DIET
The diet consists mainly of crustaceans, mollusks, and fishes.
Preyed upon by larger predatory fishes.

REPRODUCTIVE BIOLOGY

Produces pelagic eggs. This species appears to breed in deeper
estuarine environments, typically in the summer months from
May to October. It seems clear that sound plays a role in
choice of mate.

CONSERVATION STATUS
Not listed by the IUCN.

SIGNIFICANCE TO HUMANS

The striped sea robin is a commercially important fish. It is
collected and used for human consumption, fishmeal, bait, pet
food, and fertilizer. Smaller specimens often are collected for
the aquarium trade, though they grow too large for most home
aquaria. @
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Scorpaeniformes III

(Greenlings, sculpins, and relatives)

Class Actinopterygii
Order Scorpaeniformes
Number of families 10

Photo: The red Irish lord (Hemilepidotus hemilepi-
dotus) is one of the most beautiful sculpins. It can
be found in a number of different colors. (Photo
by David Hall/Photo Researchers, Inc. Reproduced
by permission.)

Evolution and systematics

The Scorpaeniformes, the mail-cheeked fishes, are united
by the presence of a bony ridge called a “suborbital stay” on
the cheek, running horizontally below the eye and providing
an armored look to the head of most species. The suborbital
stay is a posterior extension of the second infraorbital (eye
socket) bone. In the sculpins (Cottoidei), this suborbital stay
tends to be very prominent, while in the greenlings (Hexa-
grammoidei) it is not easily seen.

The ancestral scorpaeniform stock is considered to have
derived from a generalized percoid (perch) fish. That s to say,
cottoid (sculpin) and hexagrammoid (greenling) fishes are
among the most recently evolved, advanced fishes. The Scor-
paeniformes is the fourth largest order of fishes, including
about 29 families, about 260 genera, and 1,400 species. Most
of these fishes are bottom-dwelling or live near the seabed.
Nine families are covered in this chapter, with the remainder
covered in Scorpaeniformes I and II.

Among the scorpaeniform fishes, the suborder Cottoidei
includes between seven and 13 families in modern classifi-
cations. Historically, various additional cottoid families have
been distinguished, often containing only one species. The
most prominent families include the sculpins (Cottidae, with
305 species in 70 genera), fathead sculpins (Psychrolutidae,
with 11 species, five genera), poachers (Agonidae, with 49
species, 20 genera), lumpfishes (Cyclopteridae, with 27
species, eight genera), and snailfishes (Liparididae, with 195
species, 13 genera). Also within the Cottoidei are two fam-
ilies of Lake Baikal fishes, the Cottocomephoridae (Baikal
sculpins, with 24 species, eight genera), and Comephoridae
(Baikal oilfishes, with two species, one genus). The Baikal
oilfishes are distinguished by being the only viviparous (live-
bearing) cottoid fishes. A monotypic (one species) family,
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the Normanichthyidae, consists of one marine species off
Chile that is often included within the Cottoidei. That
species, Normanichthys crockery, would be the only cottoid
fish having a swim bladder, but the anatomical description
by Yabe and Uyeno (1996) concludes that the family is of
uncertain systematic position within the Scorpaeniformes,
and not correctly within the Cottoidei. Other families com-
mon in various classifications include the Cottunculidae
(here included within the Psychrolutidae), the Icelidae
(sometimes distinguished from Ereuniidae, both within the
Cottidae here), and the Hemitripteridae (here included
within the Cottidae). The species in the Psychrolutidae are
usually included within the Cottidae in older works, but
Jackson and Nelson (1998) have described the unique fea-
tures of sensory canals and associated bones on the head
which, together with other characters, distinguish the fat-
head sculpins from the other sculpin species. Some classifi-
cations place the liparidid fishes within the Cyclopteridae.
Cottoid fishes probably first appeared in the North Pacific
and only invaded the Arctic and North Atlantic Oceans 3.5
million years ago.

The zoogeography of cottoid fishes centers on the Pacific
coast of North America. The other scorpaeniform suborder
considered within this chapter is the Hexagrammoidei, the
greenlings, which includes the largest family of fishes endemic
to the North Pacific, the Hexagrammidae (11 species, five
genera). Some classifications separate the combfishes into a
separate family, the Zaniolepidae. Another family usually in-
cluded within the Hexagrammoidei is the Anoplopomatidae,
which includes the sablefish (Anoploporma fimbria) and the skil-
fish (Erilepis zonifer). Sometimes the skilfish is separated into
the monotypic family Erilepidae, also with these two families
separated from other hexagrammoids into the Anoplopoma-
toidei.
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A tidepool sculpin (Oligocottus maculosus) in the Pacific Ocean, near
the United States. Each sculpin changes color to match its tidepool,
or buries itself in sand. If it is washed out of its tidepool, it uses its
sense of smell and returns to its own pool. (Photo by Nancy
Sefton/Photo Researchers, Inc. Reproduced by permission.)

Physical characteristics

The hexagrammoid fishes are perhaps the most general-
ized scorpaeniform fishes, resembling many perciform fishes.
Hexagrammoid fishes have no head spines, and they include
some of the only pelagic species, fish which have a fusiform
body shape adapted to swimming in open water. Fishes of the
genus Hexagrammos have multiple lateral lines, although
Wonsettler and Webb (1997) have demonstrated that only
the central trunk canal is innervated, as in other teleost fishes,
so the biological significance of the other four, non-functional
lateral lines, has become a mystery. As with the more diverse
cottoids, most hexagrammids are adapted to dwelling on the
sea bottom. They have no swim bladder and the pectoral fins
are enlarged, with the lower edge attached further forward
than the top edge, so that the fish can rest on these fins like
a pair of elbows.

In the Cottoidei, extreme divergence of structure and func-
tion have yielded some of the most unusual-looking of all
fishes. All cottoids lack the swim bladder and most have a flat-
tened head, as well as enlarged pectoral fins like the green-
lings. There are many skin adaptations, including loss of scales
or modification of scales into bony plates. The Psychroluti-
dae (fathead sculpins) have flaccid bodies (puffy skin) with re-
duced skeletal structure. The Agonidae (poachers) have armor
plates over their body, have all fin rays unbranched, and have
lost the suborbital stay. The Cyclopteridae (lumpfishes or
lumpsuckers) have a globular body covered with tubercles and
with the pelvic fins modified into a sucking disc. The Lipari-
didae (snailfishes) also have a pelvic sucking disc, but the body
is without scales and is elongate. The Cottidae (sculpins) in-
clude the greatest divergence in body form and size, which is
perhaps why various families historically have been separated
from this taxonomic grouping. All cottid fishes have a single
pelvic fin spine (except one species lacking pelvic fins) and no
anal fin spine; they usually have naked skin, sometimes with
cirri, sometimes with scales, and sometimes with prickles.
Cottids lack swim bladders and tend to have large, flattened
heads, often with pronounced spines and often with large eyes.
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Color and fin shape lend toward a camouflaged appear-
ance in most of these fishes. Cottoid and hexagrammoid fishes
often display sexual dimorphism in color, body size, fin shape,
or other features. Many cottid species have prominent male
copulatory organs.

Distribution

The Cottoidei and Hexagrammoidei center their distrib-
ution in the eastern North Pacific Ocean, but antitropical
(both hemispheres) distributions occur for cottoids in some
instances. The Psychrolutidae include North Pacific and
North Atlantic species, plus several species off New Zealand,
Australia, and South Africa. Cottids similarly occur in the
Northern Hemisphere (but in both marine and fresh waters)
and off New Zealand, eastern Australia, and Argentina. Li-
paridids occur in both warm and cold marine waters of all the
world’s oceans, although rarely in the Indian Ocean. The Cy-
clopteridae occur only in cold, marine waters of the North-
ern Hemisphere. Agonids are found in the North Pacific,
North Atlantic, and off southern South America.

The unique families of Lake Baikal cottoid fishes have been
mentioned. Molecular genetic studies of Baikal cottoids (Kir-
ilchik and Slobodyanyuk, 1997) reveal close relatedness with
freshwater cottids such as Cortus bairdii from Lake Michigan
and Cottus cognatus from Lake Michigan and Siberia. The
genus Cottus is very widely distributed across North Amer-
ica and Eurasia, and the different species are all a very gen-
eralized cottid body type. The Baikal cottoids, although
closely related to other freshwater cottids, have radiated into
22 endemic Baikal species (another four cottocomephorid
species also occurring in other drainages of Siberia).

Habitat

The microdistribution of any species relates to habitat
preference. The Northeast Pacific distribution of most cot-
toid species is reflected in an analysis of fish community struc-
ture of rocky shorelines of the North Pacific, which is
dominated by cottids. The rocky intertidal of the Pacific coast
of North America is dominated by various species of Artedius,
Clinocottus, and Oligocottus. Other cottid genera have very nar-
row depth preferences in shallow subtidal marine waters. For
example, the longfin sculpin, Fordania zonope, was considered
extremely rare prior to the advent of scuba diving, because it
inhabits vertical rock surfaces that are not amenable to sam-
pling with nets. Similarly, the manacled sculpin, Synchirus gilli,
was considered very rare until divers discovered it on the
feather boa kelp, Egregia menziesi, on outer Pacific coast
shores. The feather boa kelp does not occur, however, in pro-
tected inland seas like the Strait of Georgia (British Colum-
bia), where the manacled sculpin spawns in the holdfasts of
another kelp species, Alaria marginata. For the majority of
cottoid species, very little is known of precise habits and habi-
tat preferences.

The diverse snailfishes (Liparididae) occur broadly in the
world ocean over a very wide depth range from the intertidal
zone to greater than 23,000 ft (7,010 m) depth. Again, very
little precise habitat information is available for the vast ma-
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jority of species. Since most snailfishes possess a pelvic suck-
ing disc, however, it is presumed that smooth surfaces of plants,
animals, or rocks provide substrate for many of these species.
As with other cottoid fishes, different species may prefer shores
exposed to waves and tidal currents versus protected shores.

The Lake Baikal sculpins have been investigated since the
eighteenth century. The diversification of these species seems
in great part related to different depth preferences. Lake
Baikal, at 5,315 ft (1,620 m) depth, is the deepest lake in the
world.

The reason why the less diverse freshwater cottoid fishes
have been studied more intensely than the vast diversity of
marine species is that freshwater habitats are more accessible.
Perhaps the most accessible marine habitat is the tidepool,
and intertidal cottoids have received disproportionate study,
except in comparison with fish species of commercial impor-
tance. A problem with the study and interpretation of tide-
pool fishes, however, has to do with the human perspective.
Since people can most readily work around tidepools during
low tides and calm weather, our interpretation of tidepools
tends to focus on ecological advantages of the tidepool dur-
ing a low tide (in calm weather) rather than during high tides
and storms. Thus, tidepools are considered to offer refuge
from subtidal predators during low tides, rather than to offer
refuge from turbulence during high tides. Habitat can have
widely divergent values and characteristics under different
conditions, so the interpretation of habitat preferences needs
to be tempered by perspective.

Discussions of fish habitat implicitly consider only adults
in most studies. Tidepool studies reveal, however, that early
juvenile stages of cottid species can have different habitat re-
quirements than adults. Larval stages occupy the planktonic
realm, a completely different habitat than that of most adult
cottoids. Larvae of rocky intertidal cottids of various species
have been shown to avoid drifting with currents away from
the shoreline or along the shoreline, so behavior during early
life stages may be directed toward providing access to required
habitat in later stages. The precise substrate preference of a
cottoid larva at settlement from the plankton may not be the
same substrate preference as an adult, but it will be a sub-
strate that is a component of the adult habitat. Thus, growth
stages shift only their relative position on the seabed within
a general habitat.

Niche partitioning between species in terms of habitat
preference (as with food preference) is examined for mecha-
nisms that allow ecological separation that could have led to
speciation. Again, interpretation often focuses only on adults.
In addition, intertidal studies of cottids have led to different
interpretations of competition than subtidal studies. The flat-
head sculpin, Artedius lateralis, and the padded sculpin, Arze-
dius fenestralis, occupy very similar habitats in the rocky
intertidal, yet their larvae occupy different depth ranges
along the shoreline. The flathead sculpin settles from the
plankton in surface waters, directly onto substrates in the in-
tertidal, whereas larvae of the padded sculpin occupy slightly
deeper water, so that they settle subtidally. Thus, habitat
preferences in terms of depth provide ecological segregation
of these two cottid species during the larval and early juve-
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nile stages. Adults of these species do not necessarily have to
display any behavioral differentiation in order for their spe-
ciation to be explained.

Behavior

As mentioned, developmental stages of a species may be ex-
pected to shift behavior, even though most investigation con-
cerns only the adult stage. Since cottoid and hexagrammoid
fishes lack a swim bladder, the planktonic larval and pelagic ju-
venile stage (if occurring) need to display behavioral solutions
to negative buoyancy. In some species those behaviors reflect
morphological specializations for the particular life stage, but
other species may simply have to swim very energetically, which
will affect food requirements and feeding behavior. Schooling
only occurs in adults of some of the few pelagic species in these
taxa, but larval stages appear capable of schooling in many of
the species observed in aquarium settings.

The cryptic appearance of most cottoids, together with
bottom dwelling habits, leads to predation threats that require
adaptive behaviors. Chance observations have led to the dis-
covery that the tadpole sculpin, Psychrolutes paradoxus, appar-
ently has an emetic flavor that causes predators to cough them
out upon ingestion. This species relies first on its cryptic ap-
pearance to prevent predation, then secondarily upon its nox-
ious taste to cause rejection by predators.

Even though cottoids lack a swim bladder, they have big
extrinsic swim bladder muscles. The buffalo sculpin, Enophrys
bison, vibrates when grasped. Another defense behavior in this
and other species is the flaring of the gill cover (with the bony
suborbital stay) to expose spines that could deter ingestion.

Homing behavior is well documented in cottids that in-
habit tidepools. Tagging studies have not been directed as
much at subtidal species, but the demonstration of topo-
graphic familiarity in tidepool species may extend to other
species inhabiting subtidal reefs with significant landmarks.

A painted greenling (Oxylebias pictus) in southern California. During
mating season, the males often turn so dark in color that they appear
black. (Photo by Gregory Ochocki/Photo Researchers, Inc. Reproduced
by permission.)
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A male lumpfish (Cyclopterus lumpus) guarding its eggs in the Gulf of
Maine. (Photo by Andrew J. Martinez/Photo Researchers, Inc. Repro-
duced by permission.)

The existence of homing behavior proves that learned famil-
iarity with surrounding habitat is of significant survival value
and that these fish are capable of exploiting that sort of ad-
vantage. Seasonal migrations encompass developmental shifts
in habitat preference of young stages as well as reproductive
behavior of adults.

Feeding ecology and diet

Because the many cryptic species of cottoid and hexa-
grammoid fishes tend to hide on the bottom of the sea, their
feeding habits reflect the closeness of their prey species, which
frequently include crustaceans such as amphipods, crabs, or
shrimp. The functional morphology of the diverse mouth
types in these taxa have been investigated in detail. Most stud-
ies of community feeding ecology in these fishes have been
conducted with tidepool species.

In terms of mouth types, these fishes tend to feed either
by pouncing on and engulfing their prey (ramming) or by
drawing the prey into their mouth together with a stream of
water by means of very rapid expansion of the gill covers
(sucking). The third major type of prey capture in fishes (bit-
ing off a piece of a prey) is less well documented in cottoid
and hexagrammoid fishes as a strict mode of feeding, although
worms as prey may require biting behavior. Species that feed
by suction tend to have small mouth openings, whereas species
that engulf their prey have large, broad mouths. Different
species can combine aspects of these different types of feed-
ing behavior, and relative effectiveness of capture methods in-
fluences dietary preferences.

Beyond ingestion of prey, manipulation may be required
to enable digestion. In Asemzichthys taylori the vomerine teeth
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of the upper jaw are modified to enable punching holes in the
shells of snail or clam prey so that soft tissues can be digested.

T'wo cottid species have been documented as switching to
a substantially herbivorous diet as adults. These two species,
Enophbrys bison  (buffalo sculpin) and Clinocottus globiceps
(mosshead sculpin), have only been documented in terms of
their gut contents. Gut morphology and digestive mecha-
nisms such as gut acidity have not been studied in detail for
these species. Ingestion of some seaweed may accompany pre-
dation on crustaceans inhabiting those seaweeds, but gut con-
tents in these two sculpins, as in other taxa, can show the
seaweed itself to be the preferred item. In the mosshead
sculpin, the biting behavior that enables it to consume algae
also enables it to remove pieces of tentacles from intertidal
sea anemones (which have algae cells in their tissues).

The large eyes of most cottoid and hexagrammoid fishes
would aid in detection of prey in very dim light. The sense of
distant touch (lateral line and head canal system), however, en-
able detection of movement by potential prey in the vicinity of
the fish. Psychrolutid fishes have particularly well-developed
head canals with large pores. In the Agonidae, various species
have the lower rays of their pectoral fins elongated beyond the
webbing of the fin, so that they can rake through sand and
gravel with these rays much as if they were fingers. Whether
movement of the prey they disrupt and ingest is detected by
these fin rays or by distant touch is not known. Many mor-
phological features of these fishes probably relate to feeding
adaptations.

In terms of predators, little is known about predation of
the less common species such as the skilfish, but the larger of
these bottom-dwelling species tend to be prey to larger fishes
(like lingcod) as well as to seals and sea lions. Sablefishes are
quite cannibalistic, as are lingcod.

Reproductive biology

Most greenlings, sculpins, and related species lay adhesive
masses of eggs that either adhere to rocky substrate, cluster
around plant or animal stalks and tubes, or are wedged into
crevices. The eggs always adhere to each other, but not al-
ways to the spawning substrate. Among the sculpin relatives,
only the comephorid sculpins of Lake Baikal give live birth
to hatched larvae. Perhaps the most remarkable reproductive
specialization among cottoid fishes is the phenomenon of in-
ternal gametic association, which has been demonstrated for
sculpins (Munehara et al., 1997) and poachers (Munehara,
1997). With internal gametic association, the fishes copulate,
but the sperm does not fertilize the egg until introduced to
the calcium ions in seawater. This enables a female to re-
peatedly deposit small egg masses in specific ways over a long
period of time, up to dozens or hundreds of depositions over
weeks of time, based on one mating. Many highly specialized
spawning substrates have evolved in various cottoid species,
perhaps on the basis of internal gametic association in more
cases than have yet been demonstrated. Proof of internal ga-
metic association merely requires dissection of eggs from
ovaries and placement in seawater, then incubation and ob-
servation for embryonic development.
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Another typical characteristic of sculpin reproduction is
the guarding of a cluster of different egg masses by a single
territorial male. Male greenlings and lingcod also guard one
or more egg masses. In some sculpins, however, the male ex-
hibits haremic behavior in which both the nest site and a
group of females are guarded together. In haremic species
there is no evidence yet of internal gametic association. With
the scalyhead sculpin, Artedius harringtoni, this author, while
diving, observed several rotund little fish, presumed females,
dart inside the empty shell of a giant barnacle, immediately
followed by a much larger individual, presumed male, which
curled its body and spread its fins to close off entry to the
barnacle shell. This species lays its eggs inside giant barnacle
shells, and there are typically several different colors of egg
mass. Females of various sculpin species lay only one of var-
ious characteristic colors of egg. In haremic species of the
genus Artedius, a cluster of egg masses may number over a
dozen masses, but only with a few different colors of egg mass,
corresponding to the number of females in the harem. In
other genera (e.g. Scorpaenichthys, Enophrys, Hemilepidotus)
where the male guards clusters of egg masses of differing col-
ors, it is not known whether haremic behavior is involved, be-
cause groups of females have not been observed remaining
near the guarding male.

Whereas haremic species tend to lay egg masses that ad-
here to a rock surface or to previously laid egg masses in a
cluster at the guarded nest site, species with internal gametic
association tend to lay smaller egg masses of less characteris-
tic size. That is, the female can extrude whatever number of
eggs is required to fill an interstitial space or to form a ring
around a stalk, then move on to search for another deposi-
tion site, the sites being dispersed according to availability. In
agonid species there appears to be a tendency to spawn inside
sponges, whereas liparidid species tend to spawn in seaweeds
or inside shells.

As much as the spawning characteristics vary among
sculpins and relatives, their larvae also demonstrate diverse
adaptations. Lacking a swimbladder at any stage, these species
have evolved diverse mechanisms to enable early growth while
inhabiting the water column. Enlarged pectoral fins exist in
larvae of many species, whereas larvae of other species have
a flaccid, globular body with relatively large volumes of low-
density, buoyant body fluid.

Conservation status

Of the families covered in this chapter, the ITUCN 2002
Red List includes nine species of the genus Corzus: one is cat-
egorized as Extinct (C. echinatus); two as Critically Endangered;
four as Vulnerable; and two as Data Deficient. Sculpins and
greenlings tend to inhabit rocky, marine shorelines that are
less subject to alteration by human activities than estuarine
habitats. For a species like the staghorn sculpin (Leptocottus ar-
matus), which uses estuaries as nursery habitat for juveniles,
habitat loss can affect populations locally, but the species as a
whole is widespread and abundant. For many species that are
rarely encountered by people, too little is known of habitat or
true abundance to enable determination of conservation sta-
tus. Where human developments eliminate all natural shore-
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line, as in municipal harbor areas, intertidal fish species gen-
erally lose their natural abundance. It is not known whether
greenlings and sculpins are any more sensitive to pollution
than other marine fish species. In freshwater lakes and streams,
sculpins tend to be depleted both by habitat destruction and
by introduction of alien species, as well as by pollution. The
widespread distribution of various species of Cortus has pre-
vented extinction from occurring at the species level, but ge-
ographically significant populations do become threatened.

Only a limited number of these fishes are directly sought
in fisheries as food for humans. In the cases of the cabezon
(Scorpaenichthys marmoratus), the sablefish (Anoplopoma fim-
bria), and the lingcod (Ophiodon elongatus), commercial fish-
eries have led to localized depletion that has necessitated
fishing restrictions. In the cases of the cabezon and the ling-
cod, extended periods of restricted fishing have not led to
population recoveries to original levels of abundance. Over-
exploitation has tended to occur first in more densely popu-
lated areas along inland seas and more southerly waters of the
Pacific coast of North America.

A recent trend in North Pacific fisheries is to land live
fishes for Asian markets. The lack of a swimbladder and bot-
tom-dwelling habits render species of greenling and sculpin
hardy in this trade. In addition, the head and skeleton are re-
covered after filleting and used in making soup stock, so that
sculpins with large heads are marketable in the live trade.
Greenlings and larger sculpins that are of little value in tra-
ditional fisheries are becoming increasingly exploited for live
seafood trade, owing to the higher prices paid for live fish.

Significance to humans

The most obvious significance to humans of greenlings and
sculpins is the importance as food of the few commercially
sought species. Before the availability of ice or refrigeration
systems, the lingcod (Ophiodon elongatus) was the target of fish-
ing with hook and line by boats with flooded holds for keep-
ing the fish live (and therefore fresh) untl delivery to
processing plants. The lack of a swimbladder enabled keep-
ing the lingcod alive during extended fishing trips.

Diversification of fish farming that currently involves
salmon species may soon include various relatives of green-
lings. The sablefish or Alaska blackcod, Anoplopoma fimbria,
is the subject of aquaculture research in British Columbia, and
at the turn of the millennium the first commercially produced,
cultured fingerlings were being grown to market size by
salmon farmers.

The unusual body forms of various sculpins and related
fishes lends aesthetic value to them. They are popular species
for display in public aquariums. Seacoast tourism depends to
some extent on the attraction people feel toward exploring
tidepools along rocky shores, and intertidal sculpins are
among the most readily observed species. Marine biological
research has long encompassed study of intertidal sculpins be-
cause of their accessibility, and to a similar extent, because of
their robust ability to withstand manipulation like tagging or
maintenance in aquarium tanks.
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1. Sablefish (Anoplopoma fimbria); 2. Lingcod (Ophiodon elongatus); 3. Breeding male kelp greenling (Hexagrammos decagrammus); 4. Breeding
male lumpfish (Cyclopterus lumpus); 5. Slipskin snailfish (Liparis fucensis); 6. Skilfish (Erilepis zonifer). (Illustration by Gillian Harris)
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1. Tidepool sculpin (Oligocottus maculosus); 2. Soft sculpin (Psychrolutes sigalutes); 3. Rockhead (Bothragonus swani); 4. Cabezon (Scor-
paenichthys marmoratus); 5. Grunt sculpin (Rhamphocottus richardsoni); 6. Sailfin sculpin (Nautichthys oculofasciatus). (lllustration by Gillian
Harris)
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Species

Rockhead

Bothragonus swani

FAMILY
Agonidae

TAXONOMY

Bothragonus swani Steindachner, 1877, previously called Both-
ragonus swanii, Port Townsend, Puget Sound, Washington,
United States.

OTHER COMMON NAMES
English: Pithead poacher, pit-headed poacher, pitted poacher,
deep-pitted poacher, deep-pitted sea-poacher.

PHYSICAL CHARACTERISTICS

Short, stout body of 3.5 in (9 ¢cm), covered with armor plates
and with small fins other than the pectorals. Like other poach-
ers (Agonidae), all fin rays are unbranched, and tail bones are
fused. The rockhead, or pithead poacher, is most obvious for
its wide, flattened head with a deep indentation in the top.
Eyes and mouth are small. As a larva, the pectoral fins become
enlarged like butterfly wings, and the body is covered with fine
spines. The pelagic juvenile develops heavier, recurved body
spines that hook toward the tail. These sharp hooks flatten
into armor plates after settlement to the bottom.

DISTRIBUTION
Northern California to Kodiak Island, Alaska.

HABITAT
Rocky shorelines exposed to waves, down to 66 ft (20 m) depth.
Found under rocks, in crevices, or among kelp holdfasts.
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accounts

BEHAVIOR

Very little is known of this elusive fish. When first settled, the
hooked body plates serve to prevent the fish from being
washed backward by wave surge. It is not known whether the
adult braces itself against overhead rock protrusions with the
pit in its head. This poacher relies on close hiding quarters and
cryptic appearance rather than flight, for predator evasion. If
picked up, it vibrates.

FEEDING ECOLOGY AND DIET
Larval rockheads tend to feed on copepods or fish larvae. Adult
rockheads feed on small crustaceans.

REPRODUCTIVE BIOLOGY

Orange eggs are deposited within a kelp holdfast. It is not
known whether copulation and internal gametic association are
required to permit the female to extrude eggs into such inter-
stitial spaces.

CONSERVATION STATUS

Not listed by the IUCN. This poacher is too rarely encoun-
tered to permit evaluation, but the exposed, rocky shorelines it
inhabits tend not to face human development.

SIGNIFICANCE TO HUMANS

The rockhead is not sought for any purpose and is only rarely
displayed in aquariums, since it tends to hide from view. It is
poorly studied. &

Scorpaenichthys marmoratus
Bothragonus swani

Liparis fucensis
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Sablefish
Anoplopoma fimbria

FAMILY
Anoplopomatidae

TAXONOMY

Anoplopoma fimbria Pallas, 1811, San Francisco, United States.
Family Anoplopomatidae placed either within suborder Hexa-
grammoidei or suborder Anoplopomatoidei.

OTHER COMMON NAMES
English: Blackcod, Alaska blackcod, coalfish.

PHYSICAL CHARACTERISTICS

Sablefishes have separate dorsal fins of equal size and a forked
tail fin on a streamlined body of gray to black color. Sable-
fishes grow up to 42 in (107 c¢m) in length and over 125 1b (57
kg) in weight.

DISTRIBUTION

Deep, offshore waters of the North Pacific, from Baja Cali-
fornia (Mexico), to the Bering Sea, and across to southern
Japan. Sablefishes range thousands of miles during their
lives and occur at depths of over a thousand feet, abundant
down to 3,000 ft (914 m). Their young occur in more in-
shore waters.
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Anoplopoma fimbria

Erilepis zonifer

HABITAT

Open, deep ocean water of the North Pacific. They often feed
near the bottom in association with deep-sea fishes like rattails
and grenadiers.

BEHAVIOR

Sablefishes swim at relaxed speeds and approach and school
with fishes of other species, sometimes as a prelude to a side-
ways lunge for a head-first swallowing of the unsuspecting
prey. They cannibalize their young when they are abundant in
inshore waters.

FEEDING ECOLOGY AND DIET
Sablefishes eat crustaceans, worms, small fishes, and any larger

fishes they can capture, which can include salmon almost as
long as the sablefish.

REPRODUCTIVE BIOLOGY

Spawning occurs during winter, and the pelagic eggs float in
deep water of about 3,000 ft (914 m) where seawater remains
constantly cold. Larvae hatch before functional eyes, jaws, or
gut have formed and remain deep until absorbing their large
yolk. Larvae with large pectoral fins grow in surface waters
during spring.

CONSERVATION STATUS

Not listed by the ITUCN. Heavily fished through the last cen-
tury by American, Canadian, Russian, and Japanese longliners
and trawlers, sablefishes are now recognized as a depleted
species. Catch quotas are now a small fraction of the peak
landings that occurred during the middle of the last century.
Russian landings from the Bering Sea were reported to have
been 38 million pounds (17,000 metric tons) during 1967.
Canadian landings at that time were lowest, around one mil-
lion pounds (454 metric tons).

SIGNIFICANCE TO HUMANS

Sablefishes have been valued greatly as a smoked fish (smoked
Alaska blackcod). Their flesh is quite oily. Native North Amer-
icans sundried the sablefish. Because they adapt well to living
in tanks and net pens, blackcod are being developed as a high-
value species for diversification of salmon farms. ¢
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Skilfish
Erilepis zonifer

FAMILY
Anoplopomatidae

TAXONOMY

Erilepis zonifer Lockington, 1880, Monterey, California, United
States. This species is sometimes placed alone in the family Er-
ilepidae in the suborder Anoplopomatoidei, but the more ac-
cepted classification puts them together with sablefishes in the
Anoplopomatidae and within the Hexagrammoidei.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

The largest of the greenlings and sculpins, skilfishes resemble a
heavier version of a sablefish with mottled blue of dark and
light shades. Older fishes reach 70 in (178 c¢m) length and 200
Ib (91 kg) weight.

DISTRIBUTION

Deep water of the North Pacific from Monterey Bay, Califor-
nia, to central Honshu Island, Japan and north to the Gulf of
Alaska and Kamchatka.

HABITAT
Young are sometimes caught in offshore, surface waters. Adults
are typically caught in deeper water.

BEHAVIOR
Not known.

FEEDING ECOLOGY AND DIET
Not known.

REPRODUCTIVE BIOLOGY
Not known.

CONSERVATION STATUS

Not listed by the IUCN. Little is known of the behavior, food
habits, or reproduction of this species. It is not the subject of
directed fisheries, so there is little basis for determining
whether incidental bycatch in other high seas fisheries might
have detrimental impact upon the abundance of the skilfish.

SIGNIFICANCE TO HUMANS
None known. ¢

Sailfin sculpin
Nautichthys oculofasciatus

FAMILY
Cottidae

TAXONOMY

Nautichthys oculofasciatus Girard, 1857, Fort Steilacoom, Puget
Sound, Washington, United States. Has been listed as Nau-
tichthys oculo-fasciatus and has been segregated from the Cotti-
dae into the family Hemitripteridae on the basis of scales
modified into embedded spines.

OTHER COMMON NAMES
English: Sailor fish.

187



Order: Scorpaeniformes Ill

Nautichthys oculofasciatus

Oligocottus maculosus

PHYSICAL CHARACTERISTICS

The elongated rays of the first dorsal fin and the long second
dorsal and anal fins, together with a dark bar through the eye
joining a dark flap of skin over each eye, cause the cream or
brown sailfin sculpin to appear very cryptic, especially among
seaweed. Sailfins reach 8 in (20 c¢m).

DISTRIBUTION
From southern California to the Sea of Okhotsk.

HABITAT
Sailfins live on rocky reefs and outcroppings, and on adjacent
sand bottom, from shallow water down to over 360 ft (110 m)

depth.

BEHAVIOR

In shallow water, the sailfin sculpin waves its first dorsal fin back
and forth in synchrony with the motion of adjacent seaweeds in
the surge. Between waves of the dorsal fin, the sailfin hops for-
ward by rippling the second dorsal fin and sculling with the pec-
toral fins. In captivity, sailfins that have never experienced any
surge perform the same combination of hopping forward be-
tween sweeps of the first dorsal fin. This disruptive mimicry of
seaweed obscures the movement of the fish and may enable
close approach to prey. This species is nocturnally active.

FEEDING ECOLOGY AND DIET

Feeds on small shrimps and other crustaceans. Individuals
slowly approach their prey prior to hopping forward and en-
gulfing them.

REPRODUCTIVE BIOLOGY

Sailfin sculpins copulate, and internal gametic association en-
ables the female to repeatedly extrude the bright orange eggs
into interstitial spaces among mussels in the intertidal over a
period of weeks during winter. The female must migrate into
shallow water during high tides in order to reach the mussel
beds, where the eggs are periodically exposed to air but are
kept cool and damp by the mussels. Larval sailfin sculpins de-
velop extremely elongate pectoral fins that are spread like but-
terfly wings and used to glide down through the water column
while the larva forages on zooplankton. This behavior enables
sailfin sculpins to reach relatively large sizes before perma-
nently settling during late spring.
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CONSERVATION STATUS

Not listed by the IUCN. Elimination of mussel beds by har-
vesting or pollution will limit the reproduction of the sailfin
sculpin, but the small fish is not directly taken for any purpose
other than use in aquarium displays. As with the grunt sculpin,
larvae of the sailfin sculpin are easily cultured.

SIGNIFICANCE TO HUMANS
Sailfin sculpins are popular with night divers and as display
species in public aquariums. &

Tidepool sculpin

Oligocottus maculosus

FAMILY
Cottidae

TAXONOMY
Oligocottus maculosus Girard, 1856, Neah Bay, Washington,
United States.

OTHER COMMON NAMES
English: Tidepool johnny.

PHYSICAL CHARACTERISTICS

Typical sculpin body form, with a small, elongate body, to 2 in
(5.1 cm), and a relatively large head. Tidepool sculpins have
varying numbers and sizes of cirri on their body, singly or in
pairs, especially in the head region. They have one forked
cheek spine. Color is banded light and dark gray, sometimes
with red or green shades. Newly settled young have red fin
rays on the tail.

DISTRIBUTION

Coastal waters from the Los Angeles Bight to the Bering Sea
and the Sea of Okhotsk.

HABITAT

Many scientific studies of tidepool sculpins living in tidepools
have led to the opinion that this species is an obligate dweller
of tidepools. Ironically, spawning is much more dense in pro-
tected areas without tidepools than on exposed headlands
where pools are formed. Furthermore, tidepool sculpins are
abundant in inlets where no tidepools occur, and they strand
under rocks during low tides in areas without tidepools. Thus,
the tidepool sculpin is a facultative inhabitant of tidepools
where they occur, but does not require them to make a living.

BEHAVIOR

When it occurs in tidepools, the tidepool sculpin exhibits hom-
ing behavior when displaced from a home pool. The sense of
smell appears to assist in home site recognition.

FEEDING ECOLOGY AND DIET
Small crustaceans like amphipods or harpacticoid copepods.

REPRODUCTIVE BIOLOGY

Although it is not known whether this species has internal ga-
metic association, the female mates and then deposits egg clus-
ters in spaces between barnacles or mussels. The eggs are
either emerald green, dark green, or maroon. Maroon eggs are
laid on shores exposed to wave action, but the same females,
removed from exposed shores, in captivity lay green eggs the
next season. On small stretches of shore that either gradate or
abruptly shift from wave exposure to protection from waves,
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the proportion of maroon to emerald eggs similarly gradates or
shifts abruptly. The egg pigment may reflect some physiologi-
cal response of the female to the gas saturation of the seawater,
but the subject remains a mystery, as does the polymorphism
for egg color in many other sculpin species.

CONSERVATION STATUS

Not threatened. This is the most abundant and commonly oc-
curring shoreline fish in many parts of the Pacific Northwest.
It would probably be one of the last species to disappear in the
face of environmental degradation.

SIGNIFICANCE TO HUMANS

The tidepool sculpin is the most easily observed fish in many
tidepools, and it has been of great interest to students of inter-
tidal biology.

Grunt sculpin
Rhamphocottus richardsoni

FAMILY
Cottidae

TAXONOMY

Rbamphocottus richardsoni Gunther, 1874, Fort Rupert, western
North America (Prince Rupert, British Columbia, Canada).
Sometimes classified alone in the family Rhamphocottidae.

OTHER COMMON NAMES
English: Grunt-fish, pigfish.

PHYSICAL CHARACTERISTICS
With a short, stout body and a large head with elongate snout,
the resemblance of a grunt sculpin to a pig is only enhanced by

Rhamphocottus richardsoni

Psychrolutes sigalutes
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the way it uses its large pectoral fins to scoot around on the
seabed. The lower rays of the pectoral fin are elongate and
have almost no webbing. The body is covered with small,
bristly spines. All of the fin rays are unbranched and the tail
bones are fused, as in poachers (Agonidae). These fish grow to
3.3 in (8.3 cm).

DISTRIBUTION

From Santa Barbara, California, to the Bering Sea coast of
Alaska.

HABITAT

Ocecurs in shallow coastal waters down to 660 ft (200 m) depth,
on rocky or shell/sand bottoms, often associated with encrust-
ing invertebrates like giant barnacles.

BEHAVIOR

The elongate pectoral rays can function like fingers for crawl-
ing over coarse surfaces. Grunt sculpins are more frequently
observed walking over the seabed than swimming. They hide
in empty barnacle shells and may appear to be mimicking live
barnacles.

FEEDING ECOLOGY AND DIET

Video analysis of predation by grunt sculpins reveals a highly
adapted method of capturing relatively large shrimp by ap-
proaching obliquely, then snapping the head sideways while ex-
tending the snout and sucking water in together with the prey.

REPRODUCTIVE BIOLOGY

Nesting often occurs inside barnacle shells, and controversy ex-
ists over whether the female or the male tends the eggs, or
whether a mated pair trade off guarding duties. Parental care in-
cludes assisting hatching, the parent sucking out hatchlings and
spitting them upward into the water. A young female spawns a
single mass of eggs in late winter or spring, but with increasing
age the females start reproducing with increasing frequency un-
til, at a decade of age, captive females reproduce year-round.

CONSERVATION STATUS

Not listed by the IUCN. The only conservation concern re-
lates to possible temporary depletion at popular diving reefs by
past collections for display aquariums. Grunt sculpins are easily
cultured, however, and most specimens for public display are
now propagated in laboratories at major aquariums.

SIGNIFICANCE TO HUMANS

The grunt sculpin is a popular quarry of scuba divers on rocky
reefs along the Pacific Northwest. Similarly, they are popular
for display in aquariums because of their unusual appearance
and interesting habits. ¢

Cabezon
Scorpaenichthys marmoratus

FAMILY
Cottidae

TAXONOMY

Scorpaenichthys marmoratus Ayres, 1854, San Francisco, Califor-
nia, United States. Has at times been separated into its own
family, Scorpaenichthyidae.

OTHER COMMON NAMES
English: Giant marbled sculpin, giant sculpin.
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PHYSICAL CHARACTERISTICS

This relatively huge fish (to 30 in [76 cm] and 30 Ib [13.6 kg])
has a marbled color pattern that incorporates light and dark
gray, brown and beige, or olive green shades. The young often
have shades of red. Scales are covered by skin. This is the only
sculpin with an unpaired flap of skin on the tip of the snout.
The pelagic juvenile is metallic blue, shaped like a blunt-nosed,
short salmon smolt.

DISTRIBUTION
Central Baja California, Mexico, to Sitka, southeast Alaska.

HABITAT

Inhabits rocky reefs from very shallow depths down to the lim-
its of kelp growth, sometimes deeper. They tend to hide in
kelp beds, sometimes literally hanging in the seaweed. Juveniles
occur in tidepools.

BEHAVIOR

An ambush predator, the cabezon tends to be sedentary, rely-
ing on the camouflage of its coloring. If stranded in kelp dur-
ing low tide, a cabezon flares its gill covers and holds still.
Pelagic juveniles are attracted to turbulence in a laboratory sit-
uation, and will strike at prey in the most rapid flows they can
find, which may lead them to settle on exposed shorelines.

FEEDING ECOLOGY AND DIET

Kelp crabs, other crabs, shrimp, snails, clams, worms, or small
fish.

REPRODUCTIVE BIOLOGY

Males guard clusters of egg masses during late winter and
spring. The egg masses vary in color from burgundy to purple
to dark green. The eggs are toxic to birds and mammals that
might otherwise predate on them during low tide exposure.
Small sculpins crowd in to predate on cabezon larvae hatching
at the edges of the nest site, without the male paying any at-
tention to their activity.

CONSERVATION STATUS

Not listed by the ITUCN. Cabezons show signs of being over-
fished through their southern range. Depletion is evident in
southern British Columbia, where they are not the target of ei-
ther sport or commercial fishing, although bycatch landings
occur in both fisheries. Commercial setline fishing has been di-
rected at cabezons in California for over half a century, and
they are considered a top sport angling species there as well.
Cabezon spearfishing is popular because of the ease of spearing
these big fish.

SIGNIFICANCE TO HUMANS
The firm flesh of the cabezon is favored by many. It is a popu-
lar sport fish with bait anglers, especially in California. ¢

Lumpfish

Cyclopterus lumpus

FAMILY
Cyclopteridae

TAXONOMY
Cyclopterus lumpus Linnaeus, 1758, Baltic Sea and North Sea.

OTHER COMMON NAMES
English: Henfish, lumpsucker; French: Grosse poule de mer.
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Cyclopterus lumpus

PHYSICAL CHARACTERISTICS

Thick body with rows of hard, conical tubercles, and with a soft,
cartilaginous hump on the back, embedding the first dorsal fin.
The tubercles are in a single row along the back and in three
lateral rows on each side. Pelvic fins are modified into a suction
disc. The fish is green, gray, blue, or brown, with red highlights
on breeding males. Breeding females become distended with
eggs. Lumpfishes have reached 2 ft (61 cm) and 21 Ib (9.5 kg).

DISTRIBUTION

Across the North Atlantic Ocean from Chesapeake Bay to
Hudson Bay, Greenland, Iceland, the White Sea, and south
through the British Isles to France.

HABITAT

This is a bottom fish that inhabits cold waters on rock bottom.
Early in life the hatchlings, fully formed as juveniles, are in
surface waters, then older juveniles are semipelagic, living un-
der seaweed.

BEHAVIOR

From the time of hatching, lumpfishes are capable of using
their pelvic sucking disc to adhere to smooth surfaces, which
tend first to be seaweed blades, then rocks.

FEEDING ECOLOGY AND DIET
Crustacean plankton like krill, amphipods, and copepods, as
well as jellyfishes and small fishes.

REPRODUCTIVE BIOLOGY

Early in spring the lumpfish female deposits an adhesive egg
mass of over 100,000 eggs on rocky bottom among seaweed.
Lumpfishes spawn more than one batch of eggs, and hatching
occurs from May to July, after six to ten weeks of incubation.
Egg color is polymorphic between different females, including
colors like brown, red, pink, orange, yellow, green, and purple.

CONSERVATION STATUS
Not listed by the IUCN. Early accounts listed the lumpfish as
being of no economic value, but they were always a bycatch in
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the inshore cod trap and gillnet fishery, and their ripe eggs
were marketed as caviar starting in the late 1960s. In North
America the flesh is sold as dog food, but it is eaten by people
in Europe. The eggs are stripped from ripe females and packed
in brine for preparation as lumpfish caviar.

Overfishing has occurred. In Newfoundland the catch rate
was 229 1b (104 kg) per net per year in 1979 (total landings 85
tonnes) at 16 nets per boat, whereas by 1996 the catch rate was
down to 21 1b (9.5 kg) per net per year (total landings still 82
tonnes) at 40 nets per boat, and nearly ten times as many boats
in the same region.

SIGNIFICANCE TO HUMANS
With the decline of beluga sturgeon and other traditional
sources of caviar, lumpfish caviar has become highly valued. &

Kelp greenling

Hexﬂgwtmmoy demgmmmux

FAMILY
Hexagrammidae

TAXONOMY
Hexagrammos decagrammus Pallas, 1810, formerly Chiropsis deca-
grammus Pallas, Cape St. Elias, Alaska, United States.

OTHER COMMON NAMES
English: Tommy cod, speckled sea trout, greenling sea trout.

PHYSICAL CHARACTERISTICS

Reaches 24 in (61 cm), 4.6 Ib (2.1 kg), males smaller. Five lat-
eral lines occur along each side of body, and the male is blue-
brown with prominent light blue spots on top of head and
anterior body; the female is yellow-brown with small red or or-
ange spots.

Hexagrammos decagrammus

Ophiodon elongatus
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DISTRIBUTION
Santa Monica Bay, southern California, to Amchitka Island
(Aleutians), Alaska.

HABITAT

Inhabits shallow, subtidal seabed on rocky shores, often around
kelp beds.

BEHAVIOR

Fairly active; males in particular cruise around a home area
during daylight. More aggressive than the whitespotted green-
ling, Hexagrammos stelleri, which sometimes cohabits with kelp
greenlings, the kelp greenling even feeds on unguarded lingcod

eggs.

FEEDING ECOLOGY AND DIET
Small shrimps as well as worms and small fishes.

REPRODUCTIVE BIOLOGY

Courtship occurs in late fall, with spawning from October
through December, eggs hatching in January through Febru-
ary. The male guards the nest site, at which successive females
will be courted for spawn deposition. Eggs are blue to purple
with a pale center when first laid, becoming golden brown
when embryos are eyed. Larval and pelagic juvenile stages last
about two months, with these early stages a gun barrel blue,
with snub snout shape. Juveniles school over rock faces prior to
settlement and metamorphosis to a benthic juvenile resembling
the adult. Sexually dimorphic color is evident during the first
summer.

CONSERVATION STATUS

Not listed by the IUCN. Kelp greenlings are caught as bycatch
in hook and line fisheries for live rockfishes, and have achieved
their own localized market demand in Asian communities in
Vancouver, Seattle, San Francisco, and Los Angeles. Little po-
tential exists for overharvest by sport anglers unless using small
tackle, owing to small mouth size. Serious depletion of larger
groundfish species could prelude the depletion of greenlings in
a localized area, since hook, live market, and line fishery in-
cludes landings of greenlings as well as larger groundfishes.

SIGNIFICANCE TO HUMANS

Fillets of kelp greenling are high quality. Kelp greenlings are
desired in the retail marketing of live fish (primarily rock-
fishes). Kelp greenlings are too small to provide enjoyable
sport fishing unless light tackle is used, but greenlings are easy
to catch and therefore provide good sport for small children.

Lingcod
Opbhiodon elongatus

FAMILY
Hexagrammidae

TAXONOMY
Ophiodon elongatus Girard, 1854, San Francisco, California,
United States. Sometimes placed in family Ophiodontidae.

OTHER COMMON NAMES
English: Cultus cod, ling.

PHYSICAL CHARACTERISTICS
Lingcod are large, up to 5 ft (1.5 m) in length and 100 Ib (45
kg) weight (males smaller), and have a large mouth extending
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behind the eyes. The mouth has prominent teeth. The spiny
and soft dorsal fins are joined to form one long, moderately
notched dorsal fin running the entire length of the body be-
hind the head, and the tail fin is squared, not forked. The
color is brown, rarely blue-green, with a staggered array of
black blotches along the body midline and top.

DISTRIBUTION
From Ensenada, Mexico (Baja California), to the Alaska Penin-
sula (Shumigan Islands).

HABITAT

Lingcod spawn on rocky reefs along the shoreline, usually at
depths of about 33-99 ft (10-30 m), but spawning has been ob-
served in the intertidal and by submarine at much greater
depths. The females migrate onto sand and mud bottoms at
greater depths up to 330 ft or more (100 m), except when they
return inshore for spawning, whereas males tend to remain all
year on the spawning reefs. Lingcod will hide in crevices.
Young lingcod tend to be more generally distributed near the
shoreline, avoiding areas occupied by adults. Recently settled
lingcod have been collected in eelgrass beds and have been
seen from a submarine on flat bottom at the base of a cliff over
360 ft (110 m) deep.

BEHAVIOR

Aside from male territoriality, female seasonal migrations, and
rapacious predatory behavior, lingcod tend to be sedentary
ambush predators. They rest near rocks and wait for prey to
swim near. During salmon migrations, however, lingcod have
been observed predating at the surface over great depths, so
relative abundance and position of prey affect behavior.

The life history of lingcod relates closely to that of Pacific
herring. Larval lingcod settle from the plankton at the time
during spring when herring larvae are becoming silver juveniles.
Young lingcod that have not settled permanently from a swim-
ming habit search in school formation during the twilight hours
of dawn and dusk, and young herring are their favorite prey.

FEEDING ECOLOGY AND DIET

Although lingcod will eat invertebrates such as crabs,
shrimps, and octopi, they mainly feed on other fishes, includ-
ing younger lingcod. A lingcod engulfs another fish head-
first. The throat rapidly opens while the mouth engulfs the
prey, so that a fish about two-thirds the length of the lingcod
will be swallowed immediately into the entire length of the
stomach, with only the tail protruding from the mouth. Dur-
ing years of abundant prey, growth is rapid. After two years
lingcod of both sexes tend to reach about 1.5 ft (46 cm) in
length, after which males grow more slowly than females,
perhaps owing to the seasonal feeding migration that only fe-
males undertake.

REPRODUCTIVE BIOLOGY

Males become jet black and fight over territory during win-
ter, prior to arrival of ripening females. Males will succes-
sively spawn with different females, guarding up to three egg
masses at a time. Males are capable of spawning at two years
of age, and females at three, but most females do not lay eggs
until they are four. If larger females are not abundant, then
females tend to mature and spawn a very small egg mass at
three years of age. In British Columbia, peak abundance of
guarded egg masses is during February, although spawning
can occur from December through April. Spawning occurs
later in more northerly latitudes. Older females of 10-15
years of age can spawn a half million eggs, and they spawn
earlier and deeper than the younger fish. Larvae spawned by
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the largest females tend to be slightly larger than larvae of
small females, which could confer advantage under certain
feeding conditions in the plankton. Thus, a population with a
full demographic spread from young to old fish will have
greater chances of survival of young under a variety of envi-
ronmental conditions.

CONSERVATION STATUS

Not listed by the IUCN. Lingcod have been extremely depleted
since the 1980s in Puget Sound, and since the 1990s in the
Strait of Georgia. Outer coast populations have become over-
fished in more recent years. It has been demonstrated mathe-
matically that even the earliest hand-line fisheries prior to
World War II led to significant reduction in lingcod biomass in
inland seas around Vancouver and Seattle. More efficient otter
trawls in the 1940s greatly increased levels of landings, which in
British Columbia exceeded eight million pounds per year (over
3,700 metric tons). Landings in the Strait of Georgia were neg-
ligible when the commercial fishery closed in 1990, but since
then it has become evident that sport fishing alone can prevent
population recovery near metropolitan areas. Lingcod are of in-
terest for management strategies that include protection within
sanctuaries (marine protected areas).

SIGNIFICANCE TO HUMANS

The common name “cultus” is a Coast Salish term meaning
“cheap,” which indicates that original levels of abundance en-
sured that lingcod could be caught for use as food when pre-
ferred species like halibut became less available. As
mentioned, lingcod has always been valued as a fresh fish.
Aquaculture is possible but not yet economical. Appreciation
of the value of lingcod as a sport species tends to increase as
the availability of this and other groundfish species declines
in a given area. 4

Slipskin snailfish

Liparis fucensis

FAMILY
Liparididae

TAXONOMY

Liparis fucensis Gilbert, 1895, Strait of Juan de Fuca, 109 fath-
oms. Is classified sometimes within the Cyclopteridae, and the
family name Liparididae was formerly Liparidae.

OTHER COMMON NAMES
English: Juan de Fuca liparid.

PHYSICAL CHARACTERISTICS

This snailfish grows to 7 in (18 cm) and has a lobe at the
front of its dorsal fin and the anal fin barely extending onto
the tail fin. Color is from brown to olive. Like other snail-
fish, it has a tadpole shape to the body, large pectoral fins
with extended lower rays, and a small pelvic suction disc.
Larvae become spherical in a globular bubble of body fluid
beneath the skin. Immediately upon settlement there is a
metamorphic change (shrinkage) to a snailfish shape like a
tadpole.

DISTRIBUTION
Northern California to southeast Alaska.

HABITAT

Has been collected over a wide range of depths from the shore
down to 1,270 ft (388 m).
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BEHAVIOR
The larval stage grows for an extended period in the plank-
tonic realm by means of neutral buoyancy conferred by the

globby, bubble shape of the body.

FEEDING ECOLOGY AND DIET
Small crustaceans including shrimp.

REPRODUCTIVE BIOLOGY

The male slipskin snailfish guards a cluster of egg masses in-
side an empty mussel shell during spring. Egg color varies be-
tween egg masses, from tan to pink or orange.

CONSERVATION STATUS
Not listed by the IUCN. This snailfish is relatively common in
occurrence.

SIGNIFICANCE TO HUMANS
None known. ¢

Soft sculpin

Psychrolutes sigalutes

FAMILY
Psychrolutidae

TAXONOMY

Psychrolutes signlutes Jordan and Starks, 1895, Puget Sound near
Port Orchard, Washington, United States. Species is listed as
Gilbertidia sigalutes in older species compendiums, and is listed
as a member of the family Cottidae.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

The soft sculpin has flaccid skin in which the single dorsal fin
seems embedded. The lateral line and head canal pores of
adults are large and obvious, especially around the jaws and
cheeks. Adults are dark brown or translucent beige. Adult
males are much larger than females and often have scars over
their large heads. Males can approach 3.5 in (9 cm) in length.
The pelagic young have relatively larger eyes, no obvious
pores, and are purple with orange pectoral fins.

Order: Scorpaeniformes llI

DISTRIBUTION

Coastal waters from Puget Sound, Washington, to the Aleutian
Islands, Alaska.

HABITAT

Larvae of the soft sculpin migrate to feed at the surface at
dawn and dusk. Then as pelagic juveniles, they alternate be-
tween settling to soft bottom and migrating to the surface on
dark nights when surface plankton is abundant. Females grow
to 75% of mature body size while exploiting the plankton. Soft
sculpins permanently settle during late spring and occupy deep
crevices or recesses in multilayered rock rubble, usually on
shorelines protected from wave surge.

BEHAVIOR

The male soft sculpin continues growing after settlement,
whereas the female starts developing ripe ovaries. The male is
highly territorial, rotating his body in a circle and stuttering
his head to keep other males away from his territory. Head bit-
ing occurs among males.

FEEDING ECOLOGY AND DIET

Feeding is visual during early larval stages, then the pelagic ju-
veniles switch to use of distant touch at night as the eyes be-
come relatively smaller and the head canal pores enlarge.
Adults in crevices use distant touch to detect crustacean prey
like amphipods. Adults cannibalize young soft sculpins that en-
ter their territory.

REPRODUCTIVE BIOLOGY

The male soft sculpin attracts a harem of several females and
courts them in synchrony prior to copulating with each female
in sequence. Females simultaneously lay a group, monolayer
egg mass on the underside of a rock surface. The females tend
the eggs communally, the fanning behavior of one female stim-
ulating similar behavior in adjacent females. The male remains
to one side and guards the nest site against other fishes or in-
vertebrates. At hatching, the females suck larvae from the egg
shells, swim away from the nest crevice, and spit the larvae to-
ward the surface.

CONSERVATION STATUS

Not listed by the IUCN. Detection of soft sculpins tends to
occur rarely. It is doubtful whether human activities directly
affect this species.

SIGNIFICANCE TO HUMANS
None known. ¢
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Percoidei 1

(Perches and darters, North American basses and

sunfishes, pygmy sunfishes, and temperate basses)

Class Actinopterygii
Order Perciformes
Suborder Percoidei
Number of families 4

Photo: The pumpkinseed sunfish (Lepomis gib-
bosus) is found in large numbers in the shallow
sheltered areas of ponds and lakes. (Photo by An-
imals Animals ©Stouffer Prod. Reproduced by per-
mission.)

Evolution and systematics

The suborder Percoidei contains more than 70 families and
2,800 species. This chapter and the four Percoidei chapters
that follow highlight a representative sample of Percoidei taxa.
"This chapter focuses on four families:

® Percidae, the perches, with 10 genera and 162 species

* Centrarchidae, the sunfishes, with eight genera and
29 species

¢ Elassomatidae, the pygmy sunfishes, with one genus
and six species

* Moronidae, often grouped under the umbrella de-
scriptor “temperate basses,” with two genera and six
species

All four families fall within the massive order Perciformes,
although the placement of Elassomatidae in this order has been
disputed. The current classification positions Percidae, Cen-
trarchidae, and Moronidae within the 71-family suborder Per-
coidei, and the pygmy sunfishes in the single-family suborder,
Elassomatoidei. Some taxonomists have suggested moving the
elassomatids out of the percomorphs altogether and placing
them into the atherinomorphs, a broad grouping that includes
the killifishes (cyprinodonts), but at least one genetic analysis
(Jones and Quattro, 1999) discounts this change. Past arrange-
ments had placed the pygmy sunfishes together as a subfam-
ily within Centrarchidae, but their similarities in appearance
have since been attributed to evolutionary convergence.

Changes have also occurred in other families. The mo-
ronids, for example, now include species formerly within the
family Percichthyidae. Some biologists consider them to be

Grzimek’s Animal Life Encyclopedia

most closely related to the snooks and giant perches in the
family Centropomidae, because both share two additional lat-
eral lines on the tail, above and below the main lateral line.
Little doubt exists that all four families—Percidae, Centrar-
chidae, Moronidae, and Elassomatidae—will undergo further
taxonomic alterations in the future, as scientists learn more
about the phylogenetic relationships between species, genera,
and higher classifications.

Physical characteristics

The perch family is a large one, making generalizations
about physical appearance rather difficult. These species do,
however, have some unifying traits, such as an elongate body.
All percids except the genus Zingel have either two fully sep-
arate dorsal fins or two dorsal fins that are only minimally
connected. The opercle has one sharp spine. Most fishes in
this family, including the North American darters, are on the
small side. One exception is the walleye (Stizostedion vitreum),
a popular game fish that can grow to 42 in (107 cm).

Sunfishes, many of which are described by the angler sim-
ply as “panfish,” are typically broad animals with bodies one-
third to one-half as tall as they are long. The single dorsal fin
usually has 10-12 spines, although the range runs from 5-13.
Some, like the longear (Lepomis megalotis) and pumpkinseed
sunfishes (L. gibbosus), are colorful in hues of orange, green,
and blue, while others are quite drab. Maximum adult sizes
range from less than 4 in (10 cm) in two Enneacantbus species,
to 39 in (nearly 1 m) in the largemouth bass (Micropterus
salmoides).

Moronid species all have two dorsal fins, including a spiny
front fin and a mostly soft-rayed hind fin. Other distinguishing
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Male Elassoma okefenokee in full breeding color. (lllustration by
Michelle Meneghini)

features include a two-spined opercle and a long lateral line with
two additional lateral lines on the tail. Maximum adult sizes
range from nearly 1.5 ft (46 cm) in the white bass (Morone
chrysops), to 6.6 ft (2 m) in the striped sea bass (M. saxatilis).

Members of the pygmy sunfish family have a rounded tail
fin and a three- to five-spined dorsal fin with eight to 13 soft
rays. They lack a lateral line on the body. Pygmy sunfishes
are less broad than the typical centrarchid and considerably
smaller. Maximum adult sizes range from 1.3 in (3.3 cm) in
the Carolina pygmy sunfish (Elassoma boeblkei), to 1.9 in (4.7
cm) in the banded pygmy sunfish (E. zonatum).

Sunfish nests. (lllustration by Emily Damstra)

196

Vol. 5: Fishes Il

Distribution

Most species in this group occur in North America. Some
percid species extend throughout the Northern Hemisphere,
and the family Moronidae contains members that naturally
occur in Europe and northern Africa. In addition to the na-
tive populations of the four families, numerous species, par-
ticularly among the centrarchids and percids, have been
purposely introduced as game and/or food fishes in new ge-
ographic areas nearly around the world. As a result, various
centrarchid species are now found in lakes and ponds
throughout temperate Europe, Japan, and southern Africa
and Australia.

Habitat

Fishes in the families Centrarchidae and Elassomatidae live
in strictly freshwater habitats. Centrarchids prefer a temper-
ate climate, and are especially common to lakes, streams, and
other inland waterways in the northern United States and
Canada. Many seek out weedy areas or other protective cover,
such as swamps with fallen trees. Elassomatids similarly in-
habit swampy areas with heavy vegetation, but favor the
warmer environs of the southeastern United States.

The large family Percidae is primarily a freshwater group,
with species in just about every type of waters, from lakes and
swamps to both fast- and slow-moving streams and other bod-
ies of water. Some live in the brackish waters of estuaries and
in salt lakes. Moronids are the most versatile of the four fam-
ilies in regard to habitat, with members existing in fresh,
brackish, and marine waters along coasts.

Various species within these families may coexist in a sin-
gle body of water. For example, a typical inland lake in the
Great Lakes region may be home to numerous species, in-
cluding largemouth bass, bluegill (Lepomis macrochirus), and

Largemouth bass (Micropterus salmoides) cleaning the eggs in its nest.
(lllustration 