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. Definitions: "fish" and "fishes"

. External anatomy, body structure and form
The concept of primitive versus derived

. Evolutionary trends in fish morphology

The primitive fish body plan

The derived fish body plan

What does it all mean?

Continental drift and the breakup of Pangaeca

The development of modern-day coral-reef communities



1. DEFINITIONS:

What is a fish? Fishes are so numerous and so highly diverse morphologically that a concise and
all encompassing definition is difficult. No one character by itself will do. Instead, a
combination of features is required. For example:

Fishes are animals that are: most always aquatic,

most always cold-blooded,

most always gill-breathing,

craniates, in which

fins are usually developed, never pentadactyl limbs
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What’s the difference between "fish" and "fishes"?

The classical definitions of these two terms are a bit complex. "Fish" can be both singular and
plural but in all cases refers to a single species. "Fishes" is always plural and always refers to
more than one species. For example, an aquarium full of guppies (Poecilia reticulatus) is full of
fish; the ocean is full of fishes.

. ' Fish versus fishes. By convention, “fish” refers to one or more indi-
viduals of a single species. “Fishes” is used when discussing more than one species, regard-
less of the number of individuals involved.

FISH versus FISHES

Drawings from Jordan 1905.



2. EXTERNAL ANATOMY, BODY STRUCTURE AND FORM:

Variation in body shape among fishes is enormous. The trick is to try and make some sense out
of it, to better understand how fishes have evolved, and how they fit into their particular habitat
or, in other words, how they make their living.

Many textbooks in ichthyology approach this subject by introducing a number of "typical" fish
body shapes. The authors say that most fishes fall into one of six broad categories. Each one of
these categories is characterized by general features of body shape, fin placement, etc.

Rover-predators: streamlined fishes, with a pointed
head, terminal mouth, narrow caudal peduncle, and
forked tail; always on the move in search of prey;
pursuit predators; examples include trout (Salmonidae),
bass (Serranidae), tuna and mackerel (Scombridae), and Salmonidae
billfishes (Istiophoridae, Xiphiidae).
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Lie-in-wait predators: fish-eaters designed for
capturing fast-swimming prey by ambush, but these are
also elongate, streamlined forms, often with flattened
heads, large well-toothed mouths; the tail fin is large,
dorsal and anal fins placed far back on the body;
examples include pikes (Esocidae), barracudas
(Sphyraenidae), needlefishes (Belonidae), and sauries
(Scomberesocidae).

- — I /*._—_QL___/’
—T B

Scomberesocidae

Istiophoridae

Esocidae

Belonidae
Sphyraenidae

Surface-oriented fishes: typically small fishes, with

dorsally directed mouths, flattened heads, large dorsally —

directed eyes; examples include mosquitofishes @) \)
(Poeciliidae), topminnows and killifishes _
(Cyprinodontidae),  halfbeaks and  flyingfishes

(Exocoetidae). Posciliidae

Exocoetidae

Cyprinodontidae Exocoetidae



Bottom fishes: wide variety of body shapes, all
adapted for contact with the bottom; most are flattened
ot compressed forms, with small, often subterminal
mouths, and small eyes; examples are numerous:
flatfishes (Pleuronectidae), catfishes (Ictaluridae),
suckers (Catostomidae), and some anglerfishes
(Lophiidae). Pleuronectidae

Catostomidae
lctaluridae

Deep-bodied fishes: laterally compressed forms, with
deep bodies; dorsal and anal fins typically long;
pectoral fins high on the body, with pelvic fins
immediately below; small mouths, eyes large, snout
short; examples include the huge variety of forms that
inhabit coral and rocky reefs, kelp-bed forests, etc.

Acanthuridae

Banjosidae

Choetodontidae Scatophagidae

Eel-like fishes: elongate bodies, blunt heads, and
tapering or rounded tails; paired fins sometimes absent,
but when present, small; dorsal and anal fins typically
running the length of the body; examples include the
eels (Anguilliformes), loaches (Cobitidae), pricklebacks
(Stichaeidae), and gunnels (Pholididae).

Anguillidae
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Stichaeidae Pholididae

Cobitidae

This is all right, I suppose, but it's important to remember that structural variation in the boay
plan of fishes is a continuum and that it's impossible to draw sharp boundaries between these six
categories or, for that matter, any set of categories that one might chose.



One of the best ways to demonstrate this continuum is to look at representative body shapes of
fishes in cross section as shown here:

Representative body shapes in fishes, with typical cross sec-
tions. A, Fusiform (tuna, Scombridae); 8, compressiform (sunfish, Centrarchi-
dae); C, depressiform (skate, Rajidae), dorsal view; D, anguilliform (eel,
Anguillidae); E, filiform (snipe eel, Nemichthyidae); F, taeniform (gunnel,
Pholidae); G, sagittiform (pike, Esocidae); H, globiform (lumpsucker, Cyclop-
teridae). (H based on Jordan and Evermann, 1900.)



While, again, this approach is OK, in that it serves to show the great amount of variation in body
shape among fishes, but it is artificial in the sense that it lacks an underlying scientific basis for
its construction. It's based instead on the whims and biases of its authors; if you asked a bunch of
ichthyologists independently to take the same approach to classifying fishes based on body shape,
each would no doubt end up with a different result.

So, if this is not the best way to demonstrate the tremendous variation that we see in the external
anatomy of fishes, what is better? It seems preferable to place the problem in an evolutionary
context. For example, we could ask: As fishes have evolved through time, can we discern any
general structural or morphological trends in fish body shape? Are these trends meaningful? Do
they tell us anything about the evolutionary success of fishes?

An evolutionary approach implies, by definition, that something—in this case body shape—
changes with time; and if things change, in order to talk about it, you've obviously got to have a
picture of what the thing looked like originally and what it looks like now. In evolutionary
biology we refer to these two end points as the primitive condition and the derived condition.

3. CONCEPT OF PRIMITIVE VERSUS DERIVED:

Relative primitiveness, in the evolutionary sense, is measured in terms of similarity to a
common ancestor; the more primitive an organism is the more similar it is to the hypothetical
ancestor. Derived organisms are those that differ more radically from the ancestor; derived forms
are also those that appear more recently in the fossil record.

You should in no way come to think that derived forms are somehow better or more complex
than primitive forms. Each and every organism is the result of a long evolutionary history and

each has acquired its own individual specializations that enable it to survive in its own particular
habitat.

4. EVOLUTIONARY TRENDS IN FISH MORPHOLOGY:

Are there any general structural or morphological trends that characterize fish evolution, i.c.,
are there any sequential structural changes that can be traced throughout the evolutionary history
of fishes? If so, what are they? and what can they tell us about the evolutionary success of these
organisms?

Evolutionary trends: 1. A shift in position of the paired fins (pectoral and pelvic fins)

2. Anincrease in overall spinyness (e.g., fins and scales)

3. Changes in body shape



Shift in position of the pectoral and pelvic
fins (see figures on the right): pelvie fins are
abdominal in primitive bony fishes, but come to
lie beneath the pectoral fins (thoracic) in derived
fishes.

Pectoral fins are inserted horizontally and low
on the body in primitive fishes, but more
vertically and high on the body in derived fishes.

Increase in overall spinyness, for example,
acquisition of fin spines, head spines, and
spiny scales (see figures on the left): in
primitive bony fishes, the fins are supported
by soft pliable rays; in derived forms they
are supported by stiff sharp spines.



Bones of the head are smooth and spineless in primitive fishes, but become highly spiny in more
derived fishes.

Scorpaena scrofa



Scales are smooth and spineless in primitive fishes (cycloid), but become highly spiny in derived
forms (ctenoid).
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Body shape: Primitive bony fishes are generally long and skinny, fusiform in head, body, and
tail, with an elongate gut region and vertebral counts that often exceed 50 (e.g., salmon and their
relatives, trout, etc., have 50-75 vertebrae); derived fishes are generally short, fat, and deep-
bodied, with a small, compact gut region and low vertebral counts that center on 24.
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5. THE PRIMITIVE FISH BODY PLAN:

Long, skinny head and body, fins placed posteriorly, without spines, generally large adult body

size; built for speed in open water; examples might include tarpon, herring, sardines, anchovies,
salmon and trout:

6. THE DERIVED FISH BODY PLAN:

Short, deep head and body, fins placed anteriorly, full of spines, generally small adult body size;
built for maneuverability in complex, tight, crowded habitats; examples might include
squirrelfishes, cichlids, basses, surgeonfishes, angel and butterfly fishes.
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So, in summary, when we look at fishes as a whole and concentrate on the big picture, it seems
evident that over long periods of evolutionary time, fishes have undergone a major
morphological shift from long and skinny to short and fat; from soft pliable fin rays to stiff spiny
fin rays; from smooth scales to spiny scales; and from large body size to small.

7. WHAT DOES IT ALL MEAN?

How can we explain these changes in adaptational and evolutionary terms?
To understand, we need to go back in time some 200 million years or so and take a look at what
was happening geologically and environmentally, particularly in shallow-water marine habitats

of the world. We need to look and see what kinds of habitats were available to fishes over time.

One of the most profound global events in the history of the earth was the formation and eventual
break-up of Pangaea, the so-called super continent.

11






