. work.

Formulas, the Poetry of Science

By E. LAURENCE PALMER

This is the fifty-fifth in NATURE
MAGAZINE'S series of educational
inserts.

In The Common Ground of Poet and Naturalist, J. G.
Needham writes: “'If a botanist and a poet study a
flower, I take it to be the purpose of the naturalist to
interpret its meaning in terms of plant life, and of the poet
to interpret its meaning in the terms of human life. The
work of the botanist will appeal first of all to the human
intellect; that of the poet, first of all to the emotions.
But the work of both, if well performed, will justify it-
self to the common mind. Both begin by observing
things; both continue by comparing things; and both
end by interpreting things. Each has his message and
although the two messages may be called by names as
different as a genetic hypothesis and a sonnet, both may
be derived from the contemplation of like materials, and
may be reached by methods that are not fundamentally
different. At bottom, poetry and science have common
features. They use the same raw materials, and it is
these that, of all people in the world, only poets and
naturalists (in the broadest sense of these words) care
for things that are common, and homely, and near at
hand, and commercially valueless.”

Dr. Needham goes on to point out the differences be-
tween real poets, who express themselves with reason-
able exactness, and the sloppy type that generalize too
freely. Fortunately, he does not express himself in con-
nection with the efforts of many ultra-modern poets. A.
A. Milne in his autobiography says of these: “‘In my
day poets said what they had to say in song. This song
(poetry it was called) demanded rhyme or, at least
rhythm from its devotees, and in consequence was hard
It was obvious, therefore, that if you were to
improve poetry you would improve it most comfortably
by omitting the things which were difficult to manage—
rhyme and rhythm — and concentrating on what might
come to anybody, inspiration."”’

There is a poetry in exactness that many so-called
poets do not appreciate. This is somewhat like the
beauty of perfection, the wholesomeness of goodness,
the dignity of justice, the fundamental soundness of in-
tegrity, and the satisfaction that goes with honesty of
the good old-fashioned type.

Many modern artists in the field of poetry, art, music,
and literature claim that their efforts are not appreciated
because others have not raised their understanding to
the proper point. Others, with superior ability as sales-
men, consider that the cash register is the only satis-
factory measuring device to determine the difference be-
tween the moron and the genius. Still others throw aside
whatever native ability they must have and go with the
crowd, no matter how much this may be contrary to their

natural good judgment. They measure their support by
the percentage they can see coming back to themselves.

There is a beauty in exactness that the scientist com-
monly expresses in symbols and formulae. These are just
as much gems of human observation and expression as
are the apt phrase of the poet, the unique technique of
the musician, or the exceptional interpretation of the
true artist. To the scientist, they are fundamentally or
primarily ‘‘commercially valueless” but professionally
gratifying, no matter how much money they may earn
incidentally.

It is because I feel that readers of these inserts should
sce something more in the formulae of the scientists
than hurdles to be leaped in an examination, that I ven-
ture to devote one insert to a consideration of some
common or even unusual formulae and symbols. Through
the years, I have felt that, at intervals, we should have
an educational insert that stepped out of the common
pattern and presented some different slant. We had,
for example, inserts on hearing, on age, on outdoor liv-
ing, on tracking. Many of these may have been useful
in integrating the content of the standard inserts. It is
quite possible that this unit may be similarly usefui.
Some may protest that if, as Needham said, the poet
appeals *‘first of all to the emotions’’ that a bare formula
that may seem to be wholly unemotional cannot pos-
sibly be considered as poetic. This, of course, depends
on what may affect your emotions. Needham did not
say that the only poetic appeal was to the emotions. I
have known scientists who were on the verge of reducing
lengthy studies to a simple formula whose emotional
status certainly was not too stable at the moment. I
rather think that considering formulae as the poetry of
science combines what Dr. Needham suggested by bring-
ing in both emotion and intelligence, and that there is
something emotional in appreciation of a perfect formula.
This emotion might well be cultivated by some sloppy
workers in science. Rupert Brooke spoke of “‘the keen
unpassioned beauty of a great machine,”” and must have
seen beauty in the perfection of at least some of the
works of man’s hands. Can we not see similar beauty in
the perfection of the work of man’s mind. To me a per-
fect formula is something like Ave Maria, a Fuertes
painting, a Shakespearean play (if you will let me se-
lect it) or a Hoover dam. I can see beauty and appropri-
ateness in the name Hoover for a dam thatI cannot see
in the name Boulder. Like a formula, it tells so much.

In writing this insert on formulae and symbols, I am
electing to step aside more or less from the beaten path.
Every reasonably educated person has some appreciation
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of the commoner formulae used by chemists and
physicists. I therefore elect to reject them from
consideration here. Not many appreciate
that, in the less exact sciences, there are general-
ly accepted formulae that present significant

probably have most of your natural teeth.
Since you will not have to go far to get a speci-
men with which to work, suppose you start on
understanding mammal teeth by examining our
own and let us write a formula for these teeth

situations more succinctly than pages of prose. Beaver as we go.
True, there are many who elect to offer in- p ™ Beginning on the upper jaw in the center
valid formulae as substitutes for common (// you will find on each side two chisel-shaped

sense but previously in these pages we have
considered the efforts of such persons.
It seems reasonably worthwhile that our

teeth, the incisors. We can write this in a
formula as I 2, the I meaning éncisors. On the
lower jaw on each side, there are two other

naturalist readers get some acquaintance with Dog similar incisors. We can put these into our
formulae that appear frequently in literature; formula as follows: 1 2/2. This means we
that often are not understood, and possibly L\r-/" —~—r have 2 incisors on each side of each jaw, or a
to suggest the consideration of other formulace *wn@w " total of eight. Next to the incisors is a
and symbols that need greater perfection, and w single sharply pointed tooth. There is one
which can be improved by any reasonable Opossum of these on each jaw on each side, so we

person with suitable experience. To this
end, we review here a few types of formu-
lae and symbols. These deal with the
tooth formulae to be found in mammal
skulls, the fin and scale formulae of fishes,
track formulae and gait symbols for mam-
mals, and floral formulae for the flowering
plants. We might have added formulae
dealing with wing venation in insects,
with population development, with the
erosion of soil by water, and so on. It
is possible that we have deliberately pre-
sented for your consideration first those
that can be most easily understood.

Tooth Formulae in Mammals

If you will consider the punishment your
teeth must take during the greater part of
your life, you will realize that they must be composed
of highly durable material. Since they are of this type,
they may be the last things to vanish when a body de-
cays, even though they may be lost during life because
of neglect, poor nourishment or accident.

Skulls and teeth are frequently acquired by amateur
naturalists, and this page is devoted to starting such
persons to form some sensible judgment as to the class of
mammal that formerly owned a skull that may be
found. Incidentally, too, it may help you see why
mammalogists like to see the teeth of a mammal they
may be asked to identify, either as teeth in a dead car-
cass or as they may appear in the food remains of other
animals. Owl pellets frequently contain the teeth and
skulls of small animals that have been caten. The stom-
ach contents of foxes and other predators frequently
include teeth of animals. To help understand the im-
portance of predatory birds or mammals, it is worth-
while being able to identify the skulls and teeth of
mammals. If every farmer or sportsman who killed a
hawk or owl would intelligently examine the bones
found in the birds’ stomachs there would be fewer
hawks and owls killed.

If you are a middle-aged or average adult person yon
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now have a formula like this: I 2/2, C
1/1. In this case, the C stands for canines.
Already, we may read some significance
in these types of teeth because we have
heard the rodents spoken of as the chisel-
toothed tribe, and of course we have heard
of canines, which have given the name to
the group to which our dogs belong. There
are great groups of mammals that have
no canines, and other great groups that
lack at least some of the incisors, or all of
them. Any formula that you might read
could quickly show these differences.

As we proceed on our jaws backward
from the canines, we find that the next
two teeth on each jaw on each side are
inclined to have two peaks, one in front
of the other. These are spoken of as the
bicuspids, or, since they are in front of the remaining
molar teeth, they are frequently called the premolars.
So far now our formula for our own teeth would be:
12/2,C1/1, P 2/2. If we count the usual number of
molars and add them, we will have our complete formula
as follows: 12/2,C1/1, P 2/2, M 3/3. This means that
on cach side of each jaw we have two incisors, one can-
ine, two premolars and three molars.

If you will look through the formulae further on,
examining only the reported incisors, you will find that
usually the more primitive mammals have a larger
number of incisors than do those highly specialized.
There are a few exceptions, but this rule holds rather
well. This may help give you a hunch about the group
to which some skull you find may have belonged.

As far as the canines are concerned, you rarely find
more than one to a side on each jaw, and frequently find
none.

1t should not be necessary to catry this further, but if
you will add up the totals represented in each of the
formulae you will see that, with some exceptions, many
teeth are the rule in the primitive groups and fewer
teeth in the more highly developed.

Here are some of the more typical dental formulac of




some of the better known groups of mammals. Once
you have the knack of interpreting these formulae you
will find that they help you express fundamental differ-
ences quickly and reasonably accurately. Because of
this, they are worthwhile modes of expression.

Opossums are our most primitive mammals. Judging
from what we have been saying, their dental formula
should indicate a large number of teeth, and, particular-
ly, a large number of incisors. Here we are: 15/4, C1/1,
P 3/3, M 4/4. This is a total of 13 teeth on a side on the
upper jaw and 12 on the lower jaw on each side, or 50
teeth in all. No wonder an opossum can eat a great
variety of foods, can succeed and is spreading his range.
Of course the combination of a short gestation period
and large litters help in this matter.

There are groups of mammals that eat insects for the
most part. The moles burrow underground after them.
The shrews pursue them on the surface of the ground
and even in the trees, and the bats fly after them through
the air. An examination of their dental formulae will
show how they differ from the opossums and from each
other and yet as a group differ somewhat from the others
we will discuss later. Here they are:

Common mole: I3/2, C 1/0, P 3/3, M 3/3; short-
tailed and common shrews: I 4/2, C 1/0, P 2/1, M 3/3;
red bat and some others: I11/3, C 1/1, P 2/2, M 3/3.

We read that the raccoons are the little brothers of
the bears. Let us see how their dental formulae com-
pare, and how they differ from those we have suggested
so far.

Raccoon: I 3/3, C 1/1, P 4/4, M 2/2; bears, black,
grizzly, polar: 13/3, C1/1, P 4/4, M 2/3.

This bear formula, you will sece, is identical with
that of dogs, foxes, coyotes and wolves, and differs
from such mustelines as the skunks and badgers only in
the molars and premolars. The formula for these
mustelines is I 3/3, C 1/1, P 3/3, M 1/2.

Cats are much like dogs and bears, so far as their
teeth are concerned, but the differences here show up
thus: 13/3, C1/1, P 3/2, M 1/1. Many seals have a
formula of this type: 13/2,C1/1,P 4/4, M 1/1, while the
related walrus with his conspicuous tusks shows up
this way: 11/0, C1/1, P 3/3, M 0/4.

Canine teeth have been present on both upper or lower
jaws of most of the animals so far considered. There are
some major groups in which they are absent. These
include the rodents, Rodentia, the group to which the
hares and rabbits belong, the Lagomorphs, and the
deer. Some others might be included in this list but for
certain reasons are not. Of the groups suggested, the
main differences are that in the rodents the incisor
formulais invariably 1/1; for the Lagomorphs, which in-
clude the hares and rabbits it is 2/1, and for the deer it
is 0/4. Except for the elk and caribou, in which there
are single canines on the upper jaw, most of the deer
have this formula: I 0/4, C 0/0, P 3/3, M 3/3. Some
mammalogists make a different interpretation of the
nature of one of the four incisors. In the rodents, we
have these variations: ‘

Woodchuck, red, gray and flying squitrel, chip-
munk and spermophile: I 1/1, C 0/0, P 2/1, M 3/3.
Fox squirrels, pocket gophers, beavers, porcupines and
kangaroo rats have only one premolar instead of two in
the upper jaw, and mice and rats have none in either
jaw. The mouse and rat formula, then, is I 1/1, C 0/0,
P 0/0, M 3/3. These are the imported genus Mus.

The formula for horses is interesting and variable.
It may be as follows: I3/3,C1/1, P 3/3, M 3/3. This
would give a total of 40 teeth. However, we find some
horse skulls with 36 or 42. Mares rarely have the full
40 and some males have an extra pair of ‘‘wolf teeth’
that make their total 42. It may interest some of you
to look over some old horse skull to try to determine the
sex of the animal.

Armadilles have interesting formulae like this 1 0,0,
C 0/0, P and M combined 8/8. True whales carry the
dropping out of teeth to such an extreme that their
formula is 1 0/0, C 0/0, P 0/0, M 0/0. This formula does
not hold for dolphins and many whales like the sperm
whales, which are hardly considered as true whales.

Get the habit of writing the tooth formulae of skulls
that you find on your hikes and you will develop a worth-
while and interesting hobby, and a better understanding
of some important developments that have taken place
in the mammals through the ages.

Track and Gait Formulae and Symbols

If you do not think it is necessary to rely on some ex-
act and brief form of description, such as formulae and
symbols offer, try to explain to someone the difference
between such a simple thing as a trot and walk for a
horse. If you think some similar short cut is not worth-
while, try quickly, without the help of a drawing, to
distinguish between the tracks left by a flecing gray
squirrel and a cottontail rabbit.

—— 8PS Let us start with the rabbit track.

T A single complete series of tracks
H3vE left by the feet of a rabbit show, of
l course, that the larger hind feet are
paired, while the tracks made by the

12 smaller front feet are placed one be-
hind the other to form with the hind
foot tracks a sort of Y. In spite of
what you may find in certain widely
distributed wildlife pictures, the
smaller front foot tracks are placed
behind the larger tracks of the hind
feet and the rabbit goes away from the direction indi-
cated by the front foot tracks. We cannot indicate all
of this easily in a formula, but we can indicate something
of the size of the tracks and certain other things. To
indicate the tracks of the front feet, I use the simple capi-
tal F. I follow this by the measurement in inches.
Thus F 1 x 1 means that the front foot tracks measure
in average tracking smnow 1 inch by 1 inch. Following
this, of course, you can easily interpret the hind foot
tracks as H 114 x 314. I follow this still further with
Sp 5, indicating that the spread between the paired tracks

@
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is 5 inches, and with L 84, indicating
that a good Jesp may be 84 inches. Fre-
quently I follow the track measurements
with another figure indicating the num-
ber of toes showing. In a raccoon, for
example, he would have F 214 x 3, 5,
H 215 x 4, 5, indicating, in addition to
size, that both front and hind feet show
5 toes. This is important in distinguish-
ing the difference between a track of a
raccoon, which shows 5 toes on the front
foot, and a woodchuck with 4.

One other character distinctive in track-
ing that can well be recorded in simple
form is the stride. This is important in
distinguishing tracks of cats and foxes in
L some kinds of snow. A cat’s usual 6-

inch stride is indicated St 6, while a gray
fox might read St 16, and a red fox St 18.
The stride of course is here considered as
the distance between two adjacent tracks
not the distance between two tracks of any one foot.

With these as helpers, here are a few quick ways of de-
scribing the tracks of some common mammals. You
should be able to read and interpret all of these, and will
find it a convenient way of remembering these points.

Opossum, F 114 x 114, 5; H 114 x 214, 5; Sp 6. Blar-
ina, F14x Y, 4; HYx 14, 5. Raccoon, F 214 x3,5;
H 2% x4,5; St7; L 20. Black Bear, F3x 4,5, H
4x7,5. Grizzly Bear, F4x6,5; H5x12,5. Marten
F34x1%, 5 H1Y x2,5; Sp, 4; L 36. Fisher, F
34 x 21, 5,; H1l}{ x2,5; Sp 4, L 36. New York
Weasel, F1x1,4; H1$x114, 4. Mink, F114x14, 4;
H1Y%x1%4,4;Sp5; L24. Skunk, F114x2,5; H14x 2%,
5; St 5. Gray Wolf, F 4 x 514, 4; H 4 x 5}4, 4. Coyote,
F3x3%, 4, H3x3%,4 RedFox,F14x2, 4, H
14 x2,4; St18. Gray Fox,F1%x2,4; H1}{x1%4,
4; St 16. Domestic Cat, F11{x1,4; H1x1, 4; St6.
Woodchuck, F 114 x 114, 4; H 134 x 114, 5; Sp 5.
Eastern Chipmunk, F ¥4 x 3/8, 5; H 3 x 14, 5; Sp 2.
Gray Squirrel, F1x 114, 5; H11{ x 24, 5; Sp 334, L 60.
Fox Squirrel, F 3{ x 134, 5; H1x2,5; Sp6; L 60.
Red Squirrel, F ¥4 x 34, 5; H1x 134, 5; Sp3; L 36.
Flying Squitrel, F 14 x 14, 5; H 34 x114, 5; Sp2. Deer
Mouse, F 1 x 14, 5; H 14 x 14, 5; Sply4. Meadow
Mouse, F 14 x 14, 5; H Y5 x 34, 5; Sp 1. Muskrat, F
1% x1Y4,4; H114x3%%,5; Sp3; St8. House Mouse, F
YxY,5 HY%x3,5; Splls. Norway Rat, F 14 x
Y4,5; H 1% x 114; Sp 4. Beaver, F 215 x3%%,5 H
5V x 7,5; St 16. Porcupine, F 214 x 3}4, 4; H 2 x
414, 5; St 12. Jack Rabbit, F 114 x 1}4; H 2 x 3)4.
Cottontail, F1x 1; H 114 x 3%4; Sp5; L 84, White-
tailed Deer, F 2 X 314, 2; H 2 x 3, 2. Elk or Wapiti,
F3x44,2; H3{x4,2. Moose, F5x7,2; H5x
7, 2. Antelope, F 2 x 3, 2; H 2 x 3, 2. Mountain
Goat, F23{ x 234, 2; H 214 x 234, 2. Mountain Sheep,
F23{x234,2; H23{x234, 2.

It should be obvious that track formulae may be mere-
ly suggestive. A given track may, in a few hours, in-
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crease in size if it is made in melting snow. Also, it
must be remembered that the number of toes recorded
in the formulae indicates only the number of toes that
show in the tracks, not the number of toes present
on a foot. The tracks do not, of course, remain con-
stant in a given species if there is an individual variation
in numbers of toes.

Gaits

There are a number of ways in which the gaits of horses
are represented graphically or numerically. One dic-
tionary numbers the feet of the animal, and then gives
a series of numbers, indicating the order in which the
different feet strike the ground. This may be a satis-
factory procedure, but, on the whole, it seems more
difficult to interpret than other devices. Let us see how
these two compare. You can then elect whichever
meets your convenience. Obviously, either is briefer,
more easily understood and possibly more accurate
than a long verbal attempt at explanation. Because of
this, they qualify for consideration in this article.

Let us take the pace, rack or amble and see what the
two systems will do with it. In the diagrammatic
method, we indicate the right feet by blank squares and
the left feet by solid black squares. In the numerical
system, the left fore foot is number 1 and the left hind foot
number 2. Correspondingly, the right forefoot is num-
ber 3 and the right hind foot number 4. In the numerical
system, we indicate the changes that take place in
the feet that are on the ground. In the pace, for ex-
ample, we may start with only the right hind foot on
the ground. The number 4 indicates this. Then, the
right front foot comes down and is on the ground with
the corresponding hind foot, so we follow the 4 with
42, separating the two by a comma. This is followed by
the behavior of the left feet so that for the pace we have
the following formula: 4, 42, 0, 3, 31, 0, 4 and then
repeat. Diagrammatically, this same behavior can be

indicated as follows:

——— j—
e Qs e S " p—

Pace 4,42,0,3,31,0,4

N -
S e e e S g m—

Trot 2,2,3,3,0,1,14,4,0,2

o f—_j—_—
——__j—

Walk 314, 14, 142, 42, 23, 231, 31, 314

Frankly, I prefer the diagram although you may dif-
fer with me in this.
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Fun with Fin Formula

Anyone who has caught suckers and catfish, or min-
nows and sunfish, knows that the fins of the suckers and
minnows are soft and harmless, while the fins of catfish
and sunfish are provided with spines that can seriously
injure a careless finger or palm. In addition to these
conspicuous differences, there are many of a more minor
nature, but in a given species of fish there is usually
enough constancy so that the nature of the fins may be
of importance in making an identification. At least,
the nature of the fins may contribute to other evidence
provided by scales, teeth and other structures to make an
identification stick. Obviously, in an article dealing
with short cuts, such as are provided by symbols and
formulae, we want to call to your attention and to help
you understand. Unfortunately, there are some ambig-
uous structures in the fins of fishes, and, also unfortunate-
ly, not all authorities have used the same terms to
identify the different fins. It is not always simple to dis-
tinguish between a spine and an unbranched soft ray
supporting a fin and this may lead to some confusion.
When the terms pelvic and ventral are used to identify the
same fins, this makes trouble. But in spite of these dif-
ficulties, fin formulae are helpful and should be under-
stood by any naturalist interested in making careful
identifications.

We cannot here discuss all of the fins of fishes but will
confine ourselves to those of major importance. These
of course are the fins on the back, known as the dorsal
fins; the tail fin or caudal fin; the unpaired fin along the
bottom of the fish usually just behind the vent known
as the anal fin, and the two sets of paired fins. The paired
fins are the pectoral fins, which are usually placed well
forward, and the pelvic or ventral fins, which are variously
placed but usually to the rear of the pectoral fins. These
fins are usually designated by initial letters thus: dorsal,
D; caudal, C; anal, A; pectoral, P or P; and ventral
or pelvic as V or Py. If, as is frequently the case in the
dorsal fins, there are two or more fins of the same type,
the first fin is the one to the front. We speak then of
first dorsal and second dorsal, or Dy and Ds. Reference
to the sketch should locate these fins on a typical fish.

As anyone may see, the fins of fishes are supported by
rays of one sort or another. There are spines and soft
rays. Usually, the soft rays are branched, but this is not
always the case. The number of supporting rays and the
kinds of each are reduced, or indicated in a fin formula
by using Roman numerals for the spines and Arabic for
the soft rays. It is not common to indicate in a fin

formula whether the rays are branched or simple, nor is
it common to indicate the nature of the tail or caudal fin
in a fin formula unless for some reason this is particular-
ly important in making an identification. In the cat-
fishes, pikes and salmons, there are many rudimentary
rays, some of which may not be casily seen or counted.
These are counted whenever possible and included in
the total. Where a single fin contains two kinds of
rays, the kinds are counted separately and the numbers
separated by a dash. Now let us see how a fin formula
would look. Ordinarily, the formulae for the dorsal fin
or fins, and the anal fin, are the only ones given.

The common yellow perch formula reads as follows:
D. XIII to XV, 13 to 15. A. II, 7 or 8. The dorsal
and anal fins are important in the identification of this
fish. The D. XIII to XV, 13 to 15 means that the first
dorsal fin is composed of 13 to 15 spines. The second
dorsal is composed of 13 to 15 soft rays. In the anal fin
of this fish, by the same logic, are 2 spines and 7 or 8
soft rays.

Now for practice in this thing, let us read a sort of
fish chowder of fin formulae. Each of the following be-
longs to a species that is well-known to the average
fresh-water fisherman, or is most common in the litera-
ture of the average sporting magazine. You should be
able to picture the fish and possibly tie the formulae
into the foliowing list of fishes, here represented.

(D)D10t012. A10to14. ()D10A.9. (3)D 12
A7. 4 DXIItoXVI,19t02l. AIL, 12 t0 14. (5)
D16or17. A13or14. (6)D14. A13. (7) D XII or
XIV,14. A7or8. (8)D17. A15. (9 D11, 18 A
II,7. Q0)D8. A8 (11)D VI 15 A VL, 18. (12)
DII, 17t021. AIIL, 5. (13) D1l or12. AIIL, 10 to 12.
(A4H)DI16. A2lor22. (15D X 13to15 ATI10to
12. 16)DX120r13. ANl 100r11. (17)D16. A 19.

The fishes represented are as follows. Try to identify
the names with the formulae. They are not given in the
same order in the two lists.

Alewife Crappie Pike
Bass, Large-mouth ~ Dace, Horned Pike Perch
Bass, Small-mouth Goldfish Sucker, White

Bullhead Muskellunge Trout, Brook
Bluegill Perch, Yellow Whitefish
Carp Pickerel

If you will look at the formulae, you will see that
there are definite resemblances and differences. Some,
for example, show the presence of spines in the dorsal
while others do not. In the list of fishes there are some
that are basses or bass-like. You will find that the
formulac show some with anal fins wholly of soft rays,
while others show the presence of spines in the anal
fins. If you know anything about fish relationships,
and try to put together those that are closely related,
you will find that there is usually a close similarity in
the fin formulae. A glance at a fin formula then might
easily show you telationships and a closer examination
would disclose essential differences. You may take these
suggestions for what they may be worth.
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To help you unscramble this chowder, let me say that
the order in which the fin formulae are listed is the re-
verse order of that in which the fish are listed. That is
the first fin formula fits the last named fish. To help
further, let me suggest that the bluegill, crappie and
large-mouth and small-mouth are all basses. Notice
how similar their formulae are.

We hope that, with this help, you will not be disturbed
now if in a book you see a fin formula given, but will be
able automatically to read into the figures some picture
of the fish. Ifind it difficult to understand why, when I
have used fin formulae so frequently through the years,
I failed to use them in my Fieldbook of Natural History.
Had I done so I am sure the material there included
would have been much more useful.

It may pay you, if you are a fisherman, to jot down in
some handy notebook the formulae for the fins of the
kinds of fishes you are likely to catch so that you may
be prepared to defend an identification you may make in
the field. Of course, you must remember that there are
distinguishing characters other than fin formulae, and
one of these we will now discuss.

Scale Formulae

There are many kinds of scaled animals of course. We
have scales on fishes, on reptiles and even on the legs of
a bird. In many cases, the number and arrangement of
these scales are relatively constant among members of a
species, or of closely related species. True, there are
usually some variations, but there are also limits be-
yond which these variations do not occur.

We cannot here consider the scales of the reptiles be-
cause it would involve too detailed naming of structures
that, to many readers, might not seem significant. It
is hoped, however, that the study of fish scales may be
sufficiently interesting to induce many to carry their ob-
servations on to the scales found on members of other
groups.

Frequently in literature, we may find a statement such
as this: Scales 5 or 6- 35 to 37- 5 or 6. This happens to
be the scale formula for the common carp. Offhand, to
how many of you does this hold any significance what-
ever? Maybe you think it is of no importance, but if
so I rather think you will change your mind.

Obviously, the formula given above may concern it-
self with three things. The 5 or 6 refers to one, the 35
to 37 to another, and the last § or 6 to the third. It
should also be obvious that the middle of these refers to
the series in which the scales are the most abundant.
Naturally, this must refer to scales in a series running
lengthwise of the fish and this is the case. The middle
series in a scale formula refers to the number of scales
in the lateral line, which runs down the sides of most
fishes. To give you some idea of how this may be im-
portant to you, let me point out that the number of
scales in the lateral line of a small mouth bass are usually
from 72 to 78 while the corresponding number for a
large mouth bass is 65 to 70. This bit of information,
coupled with other you might get, may help you settle
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an argument about the kind of bass you may have. We
may choose another example from the pike, pickerel,
muskellunge group. In the pike, the number of scales
in the lateral line is 123, or close to that number. In
the muskellunge, it is approximately 150. Three of the
commoner pickerels have different numbers. One of
them, the common pickerel, Esox reticulatus, has 125
scales in its lateral line, or approximately the same
number as that found in the pike but much less than that
of the muskellunge. The banded pickerel, Esox ameri-
canus, has 105 scales, as does its close relative the grass
pickerel, Esox vermiculatus. From this it may be seen
that the number of scales in the lateral line may help
in making some determinations but be less helpful in
other cases.

Now, what is
the significance of
the other series of
scale numbers giv-
en in a scale for-
mula? The first re-
fers to the number
of rows of scales
between the later-

S al line and the
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e base of the fore-

most ray in the
foremostdor-

E 35 to 37C sal fin. This is de-
uropean Carp .
50r6 - 351037 - Sor6 termined by be-

ginning with the
scale at the front of the base of the dorsal and counting
diagonally along the natural row of scales backward to
the lateral line. The first scale reached in the lateral
line is not counted. The sketch indicates how this
line runs.

Let us see if we can find anything significant in this
series of scales if we wish to distinguish a small-mouth
bass from a large-mouth. In the small-mouth, there are
eleven rows of scales between the lateral line and the
base of the dorsal. In the large-mouth there are 7 rows.
This, it would seem then, is a more dependable differ-
ence to note than we found in the scales in the lateral
line. Besides, it is easier to count 7 rows of scales ac-
curately than to count 70 scales in a long lateral line.

The third scale series refers to the number of rows of
scales between the lateral line and the base of the anal
fin. This number is obtained by counting the scales in
a natural line forward and upward from the front of the
anal fin to the lateral line. In our small-mouth bass,
there are 25 such rows in this series while in the large-
mouth there are 18. Frequently, the number of scales
in the lateral line is the only figure quoted in a scale
formula.

To know how the number of scales in a lateral line
varies in different kinds of fishes, let me suggest that
the common brook trout has as many as 230 scales in
the lateral line, while the carp may have as few as 35.
The scale formulae for these two common fishes are as
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follows: Brook trout, 37- 230- 30. Carp, 5 or 6- 35 to
37- 5or 6. Of course, the large scaled fishes have smaller
numbers in their series and the smaller scaled species have
larger numbers. Knowing this, a glance at a scale
formula should help you immediately to get some pic-
ture of the general appearance of the fish under consid-
eration.

Floral Formula

Those of us who may have been called upon to read
critically the English offered in theses by many graduate
students wonder if the elementary schools were wise in
discarding the diagrams that many of us in our youth
constructed in our work in grammar.

Just as there is some merit in the discarded diagram-
ming of sentences, so there is a merit that is not always
recognized these days in the making of floral formulae to
bring out exactness of recording observations on floral
structure. Let us, then, put a little time on this subject.

Even the most superficially trained educator probably
recognizes the major parts of a flower of a flowering
plant, or the sets into which the parts are divided. There
is objective evidence that this is not always shared by
some of the more highly placed, but that is another
story.

Carpels in
Stamens A Pistils G
Corolla of
Petals C
Calyx of
Sepals K

Hypogynous Type

Ordinarily, we consider that a flower is typically com-
posed of four sets of structures — the calyx, the corolla,
the stamens, and the pistils, of which the first mentioned
is the outermost or lowermost. The calyx, of course,
is composed of sepals if it is represented. The corolla
is composed of petals in spite of the logic of some stan-
dardized tests that have widest adoption. The stamens
together make up what the botanists properly call the
androecium, and the pistils or carpels, which are the
parts of pistils, are referred to collectively as the gynoe-
cium.

To write a formula for some specific flower, let us start
with a common buttercup. In the buttercup, Ranunculus
acris, for example, we have a flower in which the calyx
is composed of five sepals, the corolla of five petals, the
androecium of an indefinite number of stamens and the
gynoccium of an indefinite number of carpels. We can
reduce the few lines it took to say this by resorting to a
formula like this: K 5, C 5, A%, G®. Since the words
calyx and corolla in English begin with C, we use K
for the calyx and C for the corolla, or at least for our
purposes this should be ample explanation.

Having seen one formula, try to interpret this one:
K 3,C3, A6, G3. Really, this refers to some lily ia

which there are three sepals, three petals, six stamens
and, here is a new wrinkle, 3 carpels fastened together
to make one pistil. One should notice in this formula,
too, that the numbers of the parts in the sets are threes
or multiples of that number. That suggests strongly to
the botanist that the plant is a member of the group called
the monoctyledonae. If the number were four or five, or
multiples of those numbers, one might play a hunch
that, like the buttercup, the plant belongs to the dicoty-
ledonae. Remembering this, one can quickly glance at a
mixture of floral formulae and form a reasonable judg-
ment as to which represent monocotyledons and which
dicotyledons. This idea reduces much information to a
simple, relatively concise formula. To some this idea
may be new and fine, and cause satisfaction, just as do a
fine poem, picture, aria, or even an airplane high in the
sky.

We have suggested in the last formula that we can in-
dicate the joining of parts of a set by placing a curved
line over the number indicating the parts joined. With
this in mind, how would you interpret this formula:
K5,C3+2,A9+1,G1? Obviously this is a dicotyledon
because of the prevalence of the number 5, or at least
the emphasis on it. The corolla must be composed of
5 petals, of which two are fastened together, as in the
lip of a sweet pea. When we find that our pea has nine
stamens fastened together and one remaining separate,
and that the fruit is a one-carpel structure, we see what a
typical pea formula may be. With that help, you should
have become moderately literate, and should be able
to read or write at least some of the simpler floral formu-
lae.

Unfortunately, we cannot reduce all flowers to just
these formulae. Let us take a petunia for example. Its
formula reads something like this: K5,C53, A 5, G 5.
You have a hunch that it is a dicotyledon and know
from the formula that the five sepals are fastened to-
gether, at least in part, that the five stamens are not
fastened to each other, and that there is one pistil com-
posed of five fused carpels. The new idea in this formula
is that there is a joining of the corolla and the androe-
cium. Look at your petunia and you will find that the
stamens are fastened to the corolla as your formula sug-
gested. With that information you should be able to
interpret almost any floral formula, and to write a
formula as well.

Before we get into further complications, there is one
thing we should straighten out. You might find a for-
mula in which the gynoecium was indicated as follows:
G24+24247. This hypothetical formula would, of
course, designate a flower in which there were four
pistils, each of which was composed of two carpels.
Then we might further complicate our story, as so far
presented, by leaving out the parts of one or more sets.
In this case, we of course indicate the fact by using a
zero to indicate the number of parts. A zero would then
appear after the letter A in a pistillate flower, and after
the letter G in a staminate flower. A flower without
petals (#petalous) would of course be indicated by a zero
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after the C,

Practice in working with these formulae and in read-
ing and in writing them, will help definitely in the undet-
standing of many botanical terms that might in them-
selves be forbidding. Let us see how this would work.

We have already introduced the idea that we could use
the term apetalous to mean without petals and have seen
how this would appear in any formula. It is plain, then,
what would be meant by the terms polypetalous and gamo-
petalous. The buttercup with its separate petals would
be a good example of a polypetalous flower, and the
petunia with its petals fused into a funnel-shaped corolla
would be a gamopetalous flower. If you have an aver-
sion to the use of names like these you might better
read no further, or you may find yourself using intelli-
gently words that heretofore may have been staggering.
Sometimes, we find it possible to express the same idea
in more than one way. We have already seen that we
can indicate fused petals by a formula or by use of the
word gamopetalous. We can also use the term syn-
petalous to indicate the same thing. Idoubt if ordinarily
synpetalous is used so frequently as gamopetalous.
Similarly, for the term polypetalous, we have the term
chotipetalons, which means the same thing. With this
as a start, you could write your own term for flowers in
which the sepals were separate and for those in which
these parts are united. To keep the record straight,
those with separate sepals may be called polysepalous
ot chorisepalons, while those with united sepals would
be gamosepalous or synsepalous. Do you not think that
the formula is an easier way of expressing this idea than
the learning of all these terms?

Of course, the botanists have
appropriate terms to indicate the
union of the different sets of parts
of a flower. We started with the
petunia, in which the stamens
were grown fast to the corolla.
Obviously, the simplest way to
say this would be that the stamens
are epipetalous. Since the stamens
are really the only thing that
could grow on the petals we can
shorien our statement and merely
say that the flower is epipetalous.

If we should have a union of
the calyx, corolla and androecium,
as we do in such common flowers
as apple blossoms, it would be
obvious that this means a union
of parts around the gynoecium.
What simpler way could we say this than to coin the
word  perigynous. Of course, botanists would have
coined it before we did, but it may be helpful to try
to make our own term and gratifying to find that

iTop to bottom,

Epipetalous type,
Perigynous type,
Epigynous type.
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others agree with us. If none of the parts were fused
around the gynoecium, so that the gynoecium was clear
and free above them or they beneath it, we would use
the term hypogynous. If on the other hand, the four
sets were united so that it appeared that the calyx,
corolla, and androecium came off the top of the gyn-
occium, then we would have the term epig ynous, which
of course means as it should be on the gynoecium.

Botanists will differ as to the significance they give
to the arrangement of flower parts, just as zoologists
differ in their interpretation of the classification of ani-
mals. In general, however, it seems that most botanists
have the idea that the monocotyledons are more primi-
tive than the dicotyledons and should therefore be
considered first. If, then, you are using Gray’s manual
and find a flower whose floral formula indicated parts of
3 in the sets, the chances are that the flower will be
found considered early in the book. Those with parts
in fours or five will be later. Similarly, it is conceived
that the polypetalous idea is more primitive than the
gamopetalous idea. As a result, in either the mono-
cotyledons or the dicotyledons, the polypetalous flow-
ers will be considered before the gamopetalous. That
would mean that our petunia would be later in Gray
than our rose or our buttercup.

So far as the fusion of sets are concerned botanists
consider that the hypogynous character is more primi-
tive than the perigynous character, and that the peri-
gynous character is more primitive than the epigynous.
Knowing this, and knowing the floral formula of a
plant, you might play a rather safe hunch on where in
Gray a given flower might be found. You see there is a
system in all of this, that orderliness can be observed
in the arrangement of plants, that floral formula help
bring out the essential differences and as such they have
something in common with the poem that ‘‘hits the
nail on the head,” the song that makes the “‘hit parade,”’
or the Shakespearean play that draws capacity houses
in many countries and in many decades.

Fortunately for all of this, true perfection is elusive.
A formula in physics that today is the gospel truth
tomorrow may be so qualified with exceptions that it is
practically meaningless. But the same holds with poetry,
with art and with literature. The perfection we seck is
always just beyond the immediate horizon. Sometimes
it is a long way beyond that point and sometimes it is
not even sought, but in the long run there is a satisfaction
that goes with an attempted crystallization of many ob-
servations into a formula, a picture or a verse that is
more than worth while. The point is that a good formula
or a good bit of poetry or a fine bit of art or prose give
us a starting point from which we may seek further im-
provement. The attainment of that vantage point gives
satisfaction that may or may not have commercial value.
Surely it has a strong personal value.
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