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ABSTRACT

THE relative-growth method has been used in the interpretatio f
environmental control of body form in fishes. The relative growth of an 0b lhe
part such as head is characterized by a series of relative-growth stanz: ~
differ in slope and in the size range over which each is applicable. Five st. t t

are described for the salmon during the life of the fish. The four infle~~Z;q
that delimit these stanzas are approximately coincident with the attain~ons
of the eyed-egg stage, with hatching, with ossification, and with sexual maturi~nt
.Inflections are demonstrated for more than twenty species of fishes. y.

Differences in the body form of individuals, groups, or populations of one
species are regularly found for all sizes of fish. The relative-growth lines
describing such differences are usuaIly parallel within the limits of observational
error. This demonstration of parallelism is indirect evidence that inflections,
particularly during early development, are important in the control of body
form. Direct evidence of the role of inflection in the determination of body
form was found in natural populations and experimental lots of rainbow trout.
Differences in body proportions of certain mature trout populations are largely
dependent on the size at which the fish attain maturity. Body form differences
in smaIl trout were produced by controlling temperature during early develop-
ment. Rainbow trout reared at 46°F. to 20 mm. standard length and then at
£O°F. had a higher growth rate, larger size at the subsequent inflection, and
larger heads and fins after inflection than did fish reared at 46°F. throughout
the experiment, but retained the same growth partition constants. Very early
inflections, as well as those at about 30 mm. and at sexual maturity, are probably
important in the determination of body form.

The fast-growing individuals of a group have relatively small body pa~ts
such as head and fins but a fast-growing group of individuals may have re~'
tively small or relatively large body parts. The relative size of body p~rts~:
determined to a large degree by the direction of, degree of, and body Size aY
inflections .. Either rate of early development or subsequent growth rate rn
affect body form through their influence on body size at inflection. 'tion.

The slope of relative-growth lines was altered experimentally by ~alnu~nlion'
Relatively large head parts resulted. Differences in the length-weight r~a site
ship, found within species, are in part attributable to variation !n bo ~eter'
at growth inflection. Body size at inflection plays a major part III the
mination of body form in animals other than fishes.

lIE MECHANICS OF ENVIRONME TAL CO TROL
OF BODY FORM IN FISHES

INTRODUCTION

facts have been discovered which point to a close correlation
een rate of development and the relative size of many body
of fishes, the proportional dimensions of which are commonly

loyed by taxonomists in the diagnosis of species and of infra-
ific groups. Among these facts are those that relate the body

rtions to geographical and ecological distribution of species
in fresh and salt water. Schmidt (1919, 1921, 1930), Hubbs

2,1934), Schultz (1927), Rounsefell and Dahlgren (1932), and
er (1937) are among the many workers who have contributed
is subject. Further evidence which correlates rate of develop-
t with body form in fishes has been put forward, on the basis

field observations, by Hubbs (1926). Finally, demonstration
t differences in developmental rate can result in differences in
istic characters of fishes has been achieved through direct

iment, notably by Schmidt (1921), Mottley (1937) and
riel (1944).
All of these lines of evidence have established that, in general,
easing the rate of development increases the numbers of
istio parts. Thus, fish which develop in northern waters
ally have more vertebrae and scales than do members of the
e species which pass their lives in more southern latitudes.

ere is also a general tendency for the head and fin measurements
he relatively smaller in fish which are held to have a retarded
lel?pment than in those which develop more rapidly. Accord-
Y It has been found that northern.races of a species have smaller
s, eyes, maxillaries, and fins than do southern races of the

e. species. These morphological clines are more closely corre-
with temperature gradients than with differences in latitude

sen, 1944).
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6 THE MECHANICS OF ENVIRONMENTAL CO~'l'
ll.,

In view of the great weight of evidence which has acculllU!
to indicate the dependence of body form on developmental at~
it is rather disconcerting that in the several studies in which gr rat~.
in nature has been correlated with body form, a relationship()~t1!
been found that appears to be diametrically opposed to th a.
adduced from other observations. On this continent, White (193at
showed differences between head and eye measurements of Sa!rn6)
parr, Salmo solar, which were negatively correlated with rate On
growth. Tester (1937) and Hile (1937) have shown respective~r
for the Pacific herring, Clapea pallasii, and the cisco, Leucichth Y
artedi, that slow-growing members of a year class ha:re long~
heads, larger eyes, and longer fins than do the faster-growmg memo
bers of the same year class in the same locality. The comparison
was extended to fish of different populations and different year
classes, adding weight to the correlation between body form and
growth rate.

The title of White's paper "Age determination of salmon parr
by effect of rate of growth on body proportions" and the statement
in Hile's summary (p. 125) "The values of certain characters that
have been used in the separation of the subspecies show a distinct
dependence on growth rate" would seem to indicate that there
was no doubt in the minds of these workers as to the causal con-
nection between growth and body form.

Hubbs (personal communication) has recognized this correlation
between body form and growth rate for several species. Fast-
growing salmonoids, poeciliids, walleyes (Stizostedion vitreum), and
gizzard shad (Dorosoma cepedianum) have been found with rela-
tively small heads, eyes, and fins, and thick terete bodies; a distinct
contrast with the relatively large heads, eyes, and fins, and the
deep, narrow body form found among very slow-growing fish.

Thus it appears that two processes, rate of developrr:ent of body
parts and rate of growth, are correlated with body form in fishes.

h . I' hi to bodYThese two processes appear to ave opposmg re ations IpS .th
form since relatively small body parts may be associated \VI
either retarded development or with subsequent rapid growth.

The present investigation has been directed toward the as eSS'
. the

ment of the relative importance of these two processes In

7

• onmental control of body form. Two major lines of attack
been followed:

A relative-growth analysis of ontogenetic growth and of
infraspecific differences in body form.

The experimental control of rate of development and rate
of growth and an analysis of the resultant effects on body
form.
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8 THE MECHANICS OF ENVIRONMENTAL

RELATIVE-GROWTH MECHANICS

The relative-growth method of analysis, which was devel
by Huxley (1932), consists essentially of plotting the logarithoPed
some dimension of a body component against the logarithm Illf of
dimension of the whole body over a series of sizes of the organ~sa
concerned. Huxley demonstrated that such logarithmic pl III

almost invariably show a linear relationship over extensive ranot!)
of body size. This linear relation between the logarithms indica~es
that although body form is rarely constant, the rate of change of
body form is generally constant over the greater part of growt~
These continuous changes in form can be described by determinin~
the value of the slope, k, in the relative-growth equation, y == bxk
or log y = log b + k log x. If the body dimensions considered are
of the same order, for example part length against body length,
the slope k will approximate one. If area is plotted against length,
values approximating two are expected and if volume or weight
is plotted against length, k approximates three. In practice,
measurements are generally not taken throughout growth of an
individual, but rather a series of specimens of different sizes is
measured and the resultant data are plotted so that each point
represents the end of a particular ontogenetic line of growth.
The best line through these end points has been considered repre-
sentative of the relative growth of an average individual for the
body part considered.

The advantages of the relative-growth method of analysis have
been recognized by many authors, and may be summarized as
follows:

1. It takes cognizance of the multiplicative nature of growth.
2. The increased variance found with increasing body size is

reduced to a level comparable with the variance found at
small sizes by reducing variance to a percentage basis.

3. Development as a whole may be viewed in one picture.
e of4. The assessment of rate of change of form as well as chang

form is facilitated.
5. A convenient method for the comparison of fish of different

sizes but within the same growth stanza, is provided.

FISHES 9

Terminology

s a matter of convenience, special terminology has been
eloped for siu:ple relative growth relating linear dimensions.

.,-iatioDin relative growth from that in which form is constant
beeDtermed dysharmony by Champy (1924), heterogony by

fftard (1918), and allometry by Huxley and Teissier (1936).
ore recently Huxley, eedham, and Lerner (1941) have suggested

term heterauxesis for ontogenetic relative growth as distinct
(roIn allomorphosis (relative-growth series such as those found in

ylogenetic trends). A part growing relatively slowly, k < 1, is
• to show negative heterogony (allometry) or bradyauxesis,
ereas a part growing faster than that to which it is related ,

r> 1, exhibits positive heterogony (allometry) or tachyauxesis.
e special case of a part growing at precisely the same rate as
whole, when k = 1, has been termed isogony, isometry, and

uxesisin accordance with this terminology.

Relative Growth in Fishes
auxesis

A few examples of the relative-growth analysis of body form
serve to demonstrate the value of this method of analysis in
hometric investigations.

-:n extreme form of heterauxesis may be seen in the change of
throughout life in the California ribbon fish, Trachypterus

~-salmonorum, reported by Hubbs (1925). Some of Hubbs' data
~ be:n plotted in figure 1. The marked bradyauxesis of the

II n:glOnIII contrast with the tachyauxesis of the caudal region
eadily apparent.

94~Chernavin(~938), Shapiro (1938), and Huggins and Huggins
•• ) may be cited as representative of the many authors who

:\Oeconi ib t d kn u e to our nowledge of heterauxesis in growth of
~. The equilibrium constant, k, was found by them to vary
~/en 0.8 and 1.2. Examination of the literature dealing with

IVegrowth indicates that isometric growth k = 1 0 is rarelyl'Ved I.h . ' . ,'n ,a tough III general the departure from it is only slight
1> g the greater part of growth.
oy e . . f .XamlllatlOn 0 the relative growth of different body parts
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rculum, 0.90 for distance from snout to maxillary, and 1.10o~:maxillary to tail measurement. Fins, too, showed a graded
• of equilibrium constants, 0.98 for pectoral length, 1.15 for
esdorsal height, 1.24 for second dorsal height and 1.24 for anal

• ht. A typical series of original measurements has been plotted
figure 2 to show the variation and gradation of relative growth

20 so :50 10 100 200 "100 600 _ 1500

Bo& Length. mtn; III

D ta from Hub
FIGURE l,-Heterauxesis in Trachypterus. rex.salmonorumj an~ the tail regiOll

(1925). The head region grows relatively more slow y
relatively faster than the body as a whole. .

'derabJc. . h h t there is conSIof a particular species It has bee~ s ow~ t a arts as the eye
variation in the deviation from isauxesis. Such d s a whOle.
generally grow much more slowly than the b~ [ha~ a gradic;nt
These differences among parts are generally sue . f a fish WI~

of relative growth may be fou~d along th~ b~dYI~~~t~dinallY foe
anterior parts generally growmg more sow Yh I For the ~
posterior parts faster than the ~ody as a w o~. ribed grO tJC
marlin Makaira nigricans, Shapiro (1938) ha~ esc from soo
consta~ts of 0.88 for snout length, 0.92 for distance

o in the characin, Astyanax fasciatus aeneus. Growth ratios
.68 for eye length, 0.85 for head length, 1.04 for pectoral fin
h ' 0.99 for snout to dorsal distance, and 0.77 for anal fin
t may be seen. Deviations from isauxesis are also apparent

.troWth of maxillary, body depth, and caudal peduncle depth.
apparent that, although body form is not the same throughout
t ~rowth, the rate of change of body form is constant over
Stve growth periods and subject to precise description.

Asty arro x r05ciorU5

.-

20 25 30 40 :50 ICI) 70 13090 20 25 30 40 50 <00 70 80 90

5 tondard Len9rh. mm

2.-Heterauxesis in Astyanax fasciatus. Each point represents one fish.
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Growth Inflection
Apart from the gradual changes in body form described b

more striking changes in body form of fishes have been reco a.oYe

At sexual maturity, the salmonoids in particular show an ac;nlZed.
. f . entuation 0 certain characters such as head and fin lengths. So .'

. 1 h h . h .. f stnkmg y apparent are t e c anges m t e transition rom emb .'
to juvenile form that they have been recognized as metamor~~onlc
(Ford 1930, Huxley 1931). Usually fishes exhibit such major fOs~
changes early in life, and throughout the long growth perio~nn
adult life a relatively constant body form is found. of

By extending the relative-growth analysis to include su h
changes as those found in early life and beyond sexual maturi~
deviations from the single straight-line relationship becom~
apparent.

A consideration of the body form described in figure 2 indicates
the necessity of such deviations from a single straight-line relation-
ship throughout growth. Extrapolation of relative-growth lines
to a standard length of 10 mm. infers that head length would be
4.5 mm., anal height 3 mm., and eye length 2.1 mm.-an obviously
absurd situation. At some early stage in development these parts
must have grown faster than the body as a whole in order to
appear at all. That such is true is apparent in the presentation
of the relative growth of certain body parts for five species (figures
3 to 7).1 The essential feature to be observed is that in contrast
to figures 1 and 2, all the points for each character measured do
not lie on a single straight line. The simplest interpretation i~the
possibility that the points may be fitted by two straight lin:
Such has been the procedure in fitting lines to these relative grOW
curves. Although straight lines fit the data remarkably w:J1t~e;
is some doubt as to whether or not the apparent changes. I~ 5 ~he
should be drawn as curves or sharp breaks. For simplic1 Y u-. . f consec
latter procedure has been followed. Such a propositIOn 0 ilit te5. . . h l' faClI atrve relative growth stanzas, each fitted by a straig t me, .
interpretation even though it may only be an approximatIOn. tIS

d LeuCosof/l
IMeasurements of Astyanax, Dorosoma, Brycon, Acipenser an )V1useutfl

were made by the writer on specimens stored in the Fish Division 0: the re giveJI
of Zoology, Ann Arbor, Michigan. Details of measurement technIque a
on page 35.

13

Tbese chang:s in th~ sl~pe of the relative-growth line denote
en changes ~n o:gamzatlOn and are termed growth inflections.
term inflectlO? IS used rather than metamorphosis which has
used to descnbe a whole stanza of growth when body form is
ing rapidly and marked heterauxesis is found. Such meta-
bosis has been described by Ford (1930) for the stanza from
gth of about 25 mm. to about 50 mm. in the Atlantic herring,

fJelJ harengus (see figure 9). Inflections delimit the different
tive growth stanzas which are found during the life of the fish.

20 30 40 50 70 20 30 40 50. 70 20 30 40 so 70
Standard Len9tl7, mm.

rear!d-Growth inflection of body parts of lake trout, Cristivomer namaycush,
I at Oden hatchery. Each point represents the average measurements
;: a sample of ten fish. Samples were taken regularly from February to

Ptember, 1941.

~lear-cut example of inflection is found in the ontogenetic

tabOf lake trout, Cristivomer namaycush, presented in fizure 3
~1 Th bI . e data are the means of measurements for regular

e~ of hatchery-reared lake trout taken from February to07 er, 1941, at Oden hatchery, Michigan. Details of sampling
ti~easureme~t technique are described on page 34. The
h g feature IS the appearance of a growth inflection when

reach a length of about 30 mm. Between 20 and 30 mm.

crro trvomcr nomoYCU517

,
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"0t.

head length, eye length, anal height, pelvic and pectoral fin len
body depth and body width all increase rapidly as compared gt~s,
increase in body length. Beyond 30 mm. these body parts :Ith
closely approximate isauxesis. The degree of inflection differ O~I!

different body parts. Snout to dorsal and dorsal to caudal rn III
surements do not show appreciable growth inflection; Sli:~;

14

o..•.

Dorosomo cepe a/anom

N

:f FORM IN FISHES

8«
~ 13rycon fuafemo/en5i5

15

10 20 30 40 '0 50 JOO 200 300400soo
5tandard Leo q't t», mm

!~rowth inflection of head, eye, anal to caudal and caudal peduncle
ina in Brycon guatemalensis. Each point represents one fish. The degree

ection IS stronger in some parts than in others.

ts of 1.58 and 1.66 before inflection and 0.93 and 0.89
~~. ~ubbs and Whitlock (1929) recognized the dangers
ch In U~illgbody proportions to describe young gizzard shad
~nge ill form was found to be rapid at small sizes.

~.characin, Brycon guatemalensis, the lines for head length
e lameter shift from the same growth ratio of 1.23 for sizes

~126 mm. to 1.02 and 0.72 respectively for larger fish (figure
fish to caudal measurements indicate tachyauxesis (1.21)
th are 38 mm. long, and an equilibrium constant of 0 99 is

ereaft Th d I .er. e cau a peduncle depth shows a comparable

20 40 '0 00 100 ISO200 300 400

5tandard Len?!/!, mm

FIGURE 4.-Growth inflection of head, pectoral, and anal fins in Doro
sorna

cepedianum. Each point represents one fish.

inflection is found in head, eye, and body width; strong inflection
is apparent in relative growth of body depth and fin lengths, eS

Other examples of growth inflection are presented in figU
r

4 to 7. ill
The gizzard shad, Dorosoma cepedianum, shows inflections lid

the relative-growth lines of head length, pectoral fin .lengt~' ;.21
anal fin height (figure 4). Head and eye growth ratIOs ar 01~
and 1.56 respectively to a length of 34 mm. and 0.86 and ~t!l
respectively thereafter. Pectoral and anal fins show gr

O
'



shift from tachyauxesis (1.68) to isauxesis (0.98).
The head of the sturgeon, Acipenser fuZvescens, shows a .

from strong tachyauxesis (2.00) to bradyauxesis (0.84) at a stan~hlrt
length of about 34 mm. (figure 6). <l.td

. A' f 1 cens Part of
FIGURE 6.-Strong growth inflection of head In. ccpenser u ves .h,

data from Harkness (unpublished). Each point represents one fis

Z• d onstrateThe data for the fallfish Leucosomus corpora is, em t ral
'. h h d I th pee 0approximate isauxesis of postorbital lengt, ea eng fi height

fin length, head to dorsal distance, body depth an? ~n~ ~rent ill
beyond growth inflection (figure 7). Tachyauxesl~ IS t~Pshifts i~
all but postorbital and head to dorsal lengths pnor f lope is
growth ratio. The variability in degree of change. 0 :nd the
worthy of note. The snout shows no obvious inflectiOn mar}l:ed
head very little, whereas pectoral and anal fins shO;ffa eneeS ill
shift. Of further interest is the fact that there are 1 erbserved·
the length at which inflections of different body parts are 0

16 THE MECHA ICS OF E VIRO'MENTAL

~ Acipenser fU/V(5Cen5

d' meter and postorbital length shift at a standard length of1;0 mm.; pectoral and anal fins shift from one equilibrium
t nt to another at a length of about 25 mm. Finally it should
~ed that the direction of inflection differs from part to part.
oto dorsal and postorbital lengths increase faster after inflection
before, whereas eye and anal height increase more slowly
inflection than they do before.

LeucosomU5 corporo/Is

• 7.--Growth inflection of body parts in Leucosomus corporalis. Each
Int represents one fish. Body parts differ in size at, degree of, and direction
inflection.

• general, definite stanzas of relative growth occur with
ely sudden shifts or inflections from one phase to the next.

pecies examined are found to demonstrate slight heterauxesise .
. major part of the growth period preceded by strong hete-

t ~s during .early growth. The inflections from strong to
. eterauxesls occur between 20 and 45 mm. with considerable

tion apparent between species and between body parts within
me species. In addition to this variation in size at inflection,
egree of and direction of inflection from one phase to the

17

/
/

/
/

/
/

N

20 }O 40 <;'080 100 200 400 <;'00 1000
Standard Le n q t h, mm
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18 THE MECHANICS OF ENVIRONMENTAL Co~'l'a()t.

next vary markedly from one species to another and from on b
part to another within the same species. e OQy

Growth inflections in fishes have been recognized by
authors. Doan (1939) described the relative growth of vao~her
body parts in the smallmouth bass, Micropterus dolomieu. rt~8

inflection was found in snout to anal length, snout to d 0orSa\
measurement, or dorsal fin length. Head length and eye diam t
h

. e~
owever, shifted slope at 9 mm. standard length and pectoral fin

length and anal fin height shifted markedly at 12 mm. Sudd n
shifts from tachyauxesis in the head and certain fins were fou~~
at 11 to 14 mm. in the pike, Esox lucius, described by Sprenge
(1945). The relative growth of gars, studied by Needham (1935a)r
Hammett and Hammett (1939), and Huggins and Thompso~
(1942), showed marked inflections both between 20 and 45 mrn
as described above, and again at larger sizes. The rostrum of the
spoonbill described by Thompson (1934) and the jaws of gars
(Huggins and Thompson, 1942) showed a very gradual inflection
in their relative growth as a result of marked growth gradients
within these parts. Sudden changes in the growth gradient have
been described by Desbrosse (1936) for the red barbel, Mullus
barbatus, at about 12and 18cm. The first inflection was associated
with gonad development and the second with sexual maturity.
Fish smaller than 5.6 ern. were not examined, but above this size
the opercular region showed the most marked tachyauxesis. At
11 to 13 ern. the distribution of growth potential changed, there
being then two regions of maximum tachyauxesis, the snout and
the anterior part of the trunk. Similar changes have been recog-
nized by Hamai (1941) in the carp, Cyprinus carpio. Mottley (1936{
recognized changes from brady auxesis to tachyauxesis for sever\a. te Y
body characters of Salmo kamloops, at a length of approxur~a'\ar
26 cm., coincident with the onset of sexual maturity. sun~r-
inflections at sexual maturity in the relative growth of.such ~l~
acters as head and fins have been described for &lvel~nus rn. lis
and Salmo hamloops by Martin (1939) and for Salvelinus jont$n

a

by Martin (1939) and Wilder (1944). . aJI)'
Two growth inflections have thus been recognized in rn..,5 rn••.·'

species. One has been shown to occur between 9 and 4 ) baS
depending on the part and on the species. Needham (1935

a

o

·fl,chJra/ 10 dQrJl7/. 0 ~.

o y1~0.
o;to • •... /'"
/ .. "".y- .

19

:.?, ,
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Do;-=I 10 Gnus .:'1
0:.11

•9·-
III • .c

io •:.:- .
I 0
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o
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1Il..
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~I I I I , J ! I ! I I ! I t I I, 1111

25 30 :10 15 20 25 30

Length or body, mm.

8.-Growth inflection of body regions in Salmo salar. Plotted by Fry
,unpublished). There is a shift in the relative growth gradient at 16 mm.

e earlier inflection mentioned in the text is not illustrated by these data.

ted that the onset of ossification may be responsible for this
ion. The second inflection, found notably among large
'noid fishes, has been related to the onset of sexual maturity.
e relative-growth picture for the Salmonidae has been

Qed by measurements of body parts in small fish both before
after hatching. Fry (unpublished) studied changes in the
form during early growth in salmon, Salmo solar, which were

to a length of 25 mm. and sampled regularly during their
h to that size. His findings are presented in figure 8. Two
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O~l'b"()I.

further inflections are recognized at 12 and 16 mrn. befo
growth inflection found at about 30 mrn. The first growth re the
of which only a glimpse is seen, is featured by an extremelstanza,
growth of head and eye within the egg at a length of less ~ rapid
mrn. Eggs beyond this first phase of development are referan 12

h d . red tas eyed eggs. A second stage of growt uring which head 0

grow more slowly than the body as a whole to a length of 16 Parts
is shown more clearly. In the third stage the head again g:~:'
much more rapidly than the rest of the body. This growth f
the anterior region is so rapid that if it were to continue the he:d
would constitute 70 per cent of the standard length at 100 mm.
This third stage is entered into at about the time of hatching.
A sudden change in the relative-growth gradient is thus apparent
at 16 mm. Between 12 and 16 mm. the fastest growth is found
in the pectoral to dorsal region. Beyond 16 mm. the snout to
dorsal and dorsal to anus measurements show the fastest growth.

Corroboration of the extreme forms of heterauxesis found in
early growth has been shown in the relative growth of postorbital
and the pelvic, pectoral, and dorsal fins of Salmo jario presented
by Sprenger (1945). In this work, inflections in the relative
growth of parts were not found to be coincident with hatching but
occurred before and after hatching time.

Day (1941) provided snout, operculum, and eye measurements
for Salvelinus fontinalis which, as plotted on a logarithm~c~cale,
show an inflection from bradyauxesis to tachyauxesis cOiI1cldent
with hatching at 10 to 12 mm. he

A relative-growth analysis of change of form through~ut tIn
life of a fish thus reveals a number of stanzas of heterauxesls. d

. d The heathe salmon five such stanzas have been recogmze . brad-
growth demonstrates tachyauxesis to the eyed-egg ~tage, '1 the
yauxesis until about hatching time, tachyauxesis again unti rer

. d . the grea
salmon is some 30 mm. long, slight bradyauxesis U:lllg attain-
part of juvenile growth, and tachyauxesis following the -esi5. f heteraUJ<>.ment of sexual matunty. Although cases 0 extreme e it IS

over an extended period of the life of a fish are probabl~ r~r earlY
devi id If' uxeslS111perhaps the rule for them to eviate wi e y rom isa

growth stages.

-.
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le Mechanisms of Change in Body Form
e mechanics of relative growth has been clearly established

series of growth stanzas differing. in the magni~ude of ~he
constant with each stanza applicable over a different Size
Differences in body form found among populations, year
and individuals of the same genetic group result from

clons from the mean relative-growth pattern for the group.
are two possible mechanisms through which differences in

form can come about. It may be that the slope or degree
terauxesis of a particular growth stanza is affected, thus
lng about changes in body form directly. On the other hand,
nces in body size at the time of inflection from one stanza

e next may bring about differences in body form. If the
of each phase of relative growth should remain constant

species, marked differences in body form could still result
size differences at the time of inflection. If for example the
from tachyauxesis to bradyauxesis found at say 30 mm. was
ur at a body length of 25 mm., the relative size of the body

considered would be relatively small and continue to be so
pared with fish which shifted slope at greater body lengths.
tential disparity that might result from such a cause would

d on the degree of inflection for the body part under con-
tion; the sharper the angle of inflection, the greater the
le disparity. Since there is the greatest divergence of
e growth rates from isauxesis in early growth there is an
unity for slight changes during this period to have a pro-
effect on the proportionate size of body parts in later life.
the considerations outlined above, the problem of assessing
ctors determining body form has been reduced to terms of
e growth, namely, to determine whether differences in slope

size at time of inflection are both at work in the control of
form, or whether one or the other may predominate. This

ern should be solved by an investigation of the relative-growth
anics involved.
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ANALYSIS OF MORPHOLOGICAL DIFFERENCES BY THE

RELATIVE-GROWTH METHOD

Differences among Populations
Some of the differences found in nature among fish popul .

h b . d' abonave een exam me by the relative-growth method, and S

correlations which have been found between body form the
growth rate or early rate of development reconsidered in Iigh

and
thi .. C d t ofIS examination. urves and ata found in the literatur

h ith .. l d h eto.get er Wit ongina ata ave been used in this relative-gro , h
I . f di . . h' . \I tana YSlS 0 rversity Wit m species.
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FIGURE 9.~rowth inflection and parallelism of head in Clupea harengus. Data
from Huxley (1931), Ford (1930) and Jean (1945). -

Jean (1945) has compared populations of the Atlantic herring~
. dh ~~Clupea harengus, taken in the Gulf of St. Lawrence an as st

that the fish from the relatively cold waters of tIe Verte, in contraac_
char

to those from the warmer waters of Anse au Gascon, were nd
terized by a slower growth rate and by having smaller head\~sis
more vertebrae. These data are in accord with the hypot

BODY FORM IN FISHES

that fish at higher latitudes (or from colder waters) have relatively
ailer heads and other body parts and more vertebrae than do

IIIfI resentatives of the same species in more southern latitudes (or
:mer waters), but do not conform to the contention that fast-
growing fish have relatively small heads. The data on head

Coreqoni/s ctope e/orrrr/.s
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IGURE1O.--Growth inflection and parallelism of head, eye, and anal height in
Coregonus clupeaformis. Data from Hart (1930a and b).

gths are presented in figure 9. Jean has demonstrated the
rallelism of these relative-growth lines and the difference between
~m. In order to relate this parallelism to the inflection which
ound at about 50 mm. standard length in this species, measure-

e~ts. of photographs presented by Ford (1930) and Huxley's
YSIS (1931) of Ford's data for small herring are included.
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Measurements of whitefish, Coregonus clupeaformis, as present

by Hart (1930a and b), have been plotted in figure 10. In Contred
to the herring described above, the fast-growing whitefish fr~st
Lake Ontario were found to have small heads and fins as compar~
with slower-grow109 fish from Lake Nipigon. It is appare:t
however, that proportional differences between the two Popula~
tions were equally great over the size range examined since th
relative-growth lines remain parallel and distinct throughou~
growth. An inflection in the relative-growth curve for both head
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FIGURE 11.-Relative growth of slow, medium, and fast-growing hatchery stocks
of brook trout, Salvelinus [oniinalis,

and eye occurs at 30 mm. standard length; an earlier inflection aJ
8 mm. is also suggested by Hart's data but has not been include
here. . e

The data used by White (1936) in the comparison of head SIZ

in slow and fast-growing populations of salmon, when plotted all

a logarithmic scale, indicate that differences do not result froll~
. h I' para edivergence of slopes. The relative-growt mes are l 0Sa tnthroughout the parr stage. These data on salmon parr, re

solar, have been extended by Wilder (1940). The striking featU
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e comparison again is the fact that relative-growth lines, for
measurements of seven populations, are parallel. Five popu-
5 which had diverse rates of growth had virtually the same

lve head size. The Beaver river population, in spite of a
growth rate, was characterized by a relatively large head
In these populations there seems to be no correlation between

of growth and size of head. The eye measurements presented
White, on the other hand, show some divergence of relative

over and above differences which were established early in
h. This phenomenon will be discussed later.
e1ativegrowth in three lots of brook trout, Salvelinus fontinalis,
ing in growth rates, is presented in table 2 and figure II.
few fish less than 30 mm. were taken, growth inflection is

apparent. Average measurements for each of the samples
throughout the summer at Oden hatchery have been plotted,

the relative growth of each lot has been followed by drawing
ht lines through these points. Those in the small sort had

ively large eyes, heads, pectoral fins, anal fins, and the body
more slender and narrower. Since sorting was carried out on
basis of fish width by screening through trays fitted with
y spaced rods, it is perhaps not surprising that differences in
proportions were found. The interesting feature, however,

e fact that differences were maintained after continued growth .
ontogenetic growth of each group was such that fish with
Idepth and width continue to have small depth and width,
eyes, large heads, long pectoral fins, and high anal fins after

months of growth. There does not appear to be a divergence
y form with growth rate, but rather the slow-growing fish
from the fast-growing individuals to a comparable degree

the whole size range. The relative-growth curves of these
lots suggest that the differences in body form resulted from

ences established early in development.
.artin (1939) has described north-south form differences in
vomer namaycush and Salvelinus alpinus. Again, although

. Were limited, the relative-growth ratio was found to be
Velyconstant for each species and the differences, which were
that southern populations had relatively larger heads, maxil-
, and eyes than northern populations, were largely due to
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a lateral displacement of the relative-growth lines rather th
change in slope. an any

This relative-growth analysis has thrown light on the nat
differences among populations of the same species. A f Uteof
common to the differences among populations herein descti~atU~e
the constancy of the relative-growth slopes within a species. e~ IS

case of divergence of relative-growth lines has been found bne
this single divergence is overshadowed by cases showing paral!~r Ut
This recurrence of parallelism directs attention toward the pos~~~'
importance of early development, operating through growth in~ e
tions, as a factor in the control of the body form of fishes. Th~c.
in light of this explanation, those exceptions from the gener:i
correlation between growth rate and body form which were found
in certain populations of Clupea harengus and Salmo salar are seen
not to conflict with the established laws of growth. In general,
rapid growth in later life is associated with large size during early
development and hence a general correlation between growth rate
and body form is to be observed. However in the exceptions to
this rule cited above, this more usual correlation was not found,
the size relations during early and late development being not so
correlated, and the usual relation between body form and growth
rate was not observed, although the growth partition constants
remained the same.

Differences within Populations
If growth rate were to influence body form directly within one

growth stanza this could be accomplished only through a change
in the slope of the relative-growth line. Within a population the
slow-growing individuals would, under these conditions, h~ve
relative-growth lines of different slope from those of faster-grow,;g

. individuals. Since such differences would be cumulative t~~ re~~
tive-growt.h lines describing slow and fast-growing ind,vlduaor
would continue to diverge, with the result that the .varian~odY
spread of points about the line describing any partIcular. of
part would increase with growth. However, an exam~nat~~ac.
figures 2, 4 to 8 and 10 indicates that relative growth IS c a/isb.
terized by constancy of scatter among both small and large eacb
With such constancy of variance throughout growth, for
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ulation investigated, little margin is available for variation in
pe among individual growth lines. Such evidence contributes
I the thesis that differences in body form are established at
'tical stages of development and remain relatively constant
OUghout any particular growth stanza.

Asymmetry in Individuals
In a study of halibut, Hippoglossus hippoglossus, McCracken

947) has found that the slopes of the relative-growth lines which
ribe each pectoral fin are the same, but considerable difference

fin size at a given body length is apparent. The pectoral fin
the eyed side is considerably larger than that of the blind side,
d in the size range studied (45 to 200 cm.) the percentage differ-
ce between the two is constant. Some critical stage in the early
e of the fish, following the symmetrical stage, must bring about
relative difference in fin size which remains constant from then on.

Correlation of Body Form with Meristic Characters
Differences among populations within species have been
racterized by the repeated recurrence of correlation between
y form and meristic characters. As pointed out above, northern
ulations commonly have smaller heads and fins, together with

greater number of meristic parts such as vertebrae, scales, and
rays. This correlation has been referred to by Hubbs (1926)

d Tester (1937). Although slow-growing herring, as described
Jean (1945), differed from many slow-growing populations

und in other species in having small heads and fins, they also
more vertebrae and thus conformed with the usual correlation
een body form and meristic counts.

It is well recognized that somite number and hence number of
istic elements, is modified by rate of early development (Gabriel,

.). The correlation of body form with meristic characters,
.1Cated throughout the literature, points to a similar predeter-
n fa Ion of body form at an early stage of development.

Discussion
In the foregoing relative-growth analyses it has been demon-
ted that body-form differences among groups of fish are not



nd individuals vary in the size at which sexual maturity is
~, suggests an opportunity for the assessment of the im-
nee of inflection in the determination of body form.

12.-Growth inflection as it effects change in relative maxillary length
in Salvelinus fontinalis. Taken from Wilder (1944).

opulations of mature trout (Salvelinus fontinalis) from small
ks, larger bodies of water, and "sea run" stocks have been
pared by Wilder (1944). His presentation of relative maxillary

h of each group is shown in figure 12. It may be seen that
equilibrium constant, k, is approximately the same for all three
ps both for immature and mature fish. The groups differ in
at maturity, with brook fish attaining that stage at a relatively
I size and sea-run stock at a much greater length. These

ke:I differences in size at sexual maturity, and hence at the
flty inflection, resulted in large differences in relative maxillary

among mature groups. In spite of constancy of rate of change
rrn, gross differences in morphometry resulted directly from
ences in body size at growth inflection.

THE MECHANICS OF ENVIRONMENTAL CON"!,I>
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always negatively correlated with rate of growth. Relatively
body parts have been found in some examples to be assoc~mall
with rapid growth and in others with slow growth. ateq

The differences among individuals of one population Or am
populations of one species seldom result from a change in ~~g
growth constant. Variation among populations of the same spe . e
has been shown to be such that differences in body form foun~l~
later life are also found to be relatively as great at smaller siz In
In the exception to this generalization, found in eye diameter 7·
salmon, the divergence of slopes is superimposed on differenc~
established early in life. The comparable variance of part-length
relationships at small and large sizes implies that the relative_
growth lines which describe individuals within a population are also
parallel.

In discussing the possible growth mechanics involved in effecting
morphometric differences it has been pointed out that changes in
body form could be brought about either through differences in
slope or differences in body size at growth inflection. Since differ-
ences in slope have been found to be of little or no importance,
there is strong suggestive evidence that body size at growth inflec-
tion may play the major role in the fixation of differences in body
form.

It is furthermore inferred, from the fact that growth rate is not
always correlated with body form, that early development may be
an important factor in the direct control of body form. Th~
common correlation between body proportions and number ?
meristic characters suggests that body form is determined e~dy ~n
life. If inflections can be demonstrated to be important In t I;
mechanics of control of body form, then early development \7~he
be expected to be correlated with body form both because 0

number and sharpness of inflections at very small sizes.
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GROWTH INFLECTION AS IT EFFECTS DIFFERENCES

IN BODY FORM

Form Change at Sexual Maturity .th
. ·dent \V.

The fact that growth inflection may be found COlllCI pilla-
1 .. that pOsexual maturity, together with the genera recogrntion
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Kennedy's (1943) comparison of dwarf and normal populatio
of whit~fish, Coregonus clupeajormis, found within the same la~s
demonstrated that both groups had the same relative-growt~
constants. The two populations differed in size at maturity, rate
of growth, length of growing season, and number of scales and gil!
rakers. When body proportions were compared by the relative_
growth method it became apparent that although the mature fish
differed in body proportions, they followed the same relative-growth
pattern. Both slope, k, and intercept, b, were identical in the
two groups (the lines were identical). Equilibrium constants for
anal height and length of pectoral fins were greater for immature
than for mature normal fish. No data were presented for relative
size of body parts of immature dwarfs. Although growth inflection
at maturity occurs at very different sizes, differences in the relative-
growth constants were not apparent. Differences, which must
have occurred in the intercepts or b values of the two immature
groups, were suddenly removed at the growth inflection at sexual
maturity so that b values in the two mature groups were identical.
This whitefish study demonstrates that adjustments in body form
can result directly through growth inflection.

This hypothesis concerning the mechanism through which
variation in body form is effected may be offered as an explanation
of the data presented by Hile (1937) concerning the correlation
between the morphometry and growth rate of the cisco, Leucich~hys
artedi. Hile's data for head length of four Wisconsin populatIOns
have been plotted in figure 13 together with data by Fry for. h~d
measurements of 3425 Nipissing ciscoes (table 3). The NipISSlfi~
line shows an inflection at about 200 mm., coincident with sexua

maturity, a change which is considered real in view of the l~rge
. d A ., f the pOIntsnumber of specimens measure. n examinatio 0 .

plotted indicates that little divergence in the slope of the relatl:,e-
1· . f d h W' . I ti By ustnggrowth ines IS oun among t e isconsm popu a IOns. n

the Nipissing "mature" line as a base, parallel lines were dra
w

hS· e SUCthrough the points for mature fish from each lake. I~C h d
lines fit the point: reasona~ly well th.e diffe~ences in relatIV=dee~)'
size may be described by differences in the intercepts, b, rn d a
these lines with any y axis. The Trout lake population ~a oes
slow growth rate and large heads, whereas the Clear lake ClSC

Leucichthys ar tea/

~ Nipissin'l
• Clear
o Trout
o Musk.ellunge

Silver

75 100 125 150 175 200
Stan d ar d l.en ot h,

( 13.-Parallelism of head growth in Leucichthys artedi. Data from Hile
~37) and Fry. The lines drawn through the Wisconsin lakes figures have

n drawn parallel to the upper slope of the Nipissing data which is for
lllature fish.

~~Pid grow~h and sma~l heads. Similar differences have been
Pa' ed by Hile for maxillary length, eye diameter, and length

Ired and dorsal fins. Such a correlation between body form
• ~ate of growth held for a comparison of populations and for
"Idual . h' .k s Wit m a single stock. The 1928 year class from
t~l1unge lake showed differences in body form which were not
I to growth rate. Difference in the environment during
°Pment and early growth were the causes suggested. The
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possibility that differences resulted from differen . Or.
th

. fl . ces In .
?row m ection offers a plausible explanation of the sIze at
involved. Head measurements of small ciscoes lllechani
Pritchard (1931), as plotted together with data on lar presented ~

I h . fl . ger spec' Yrevea growt m ection at 18 mm. Size differences . h Illlen
. fl ti . I ei t er 'm ec ion or possib y at that found at the onset of se I at this

have resulted i xua rnaj .may ave resu te in the differences in body form who h h UI1t}'
f d . IC aYe b
oun among ciscoes. It should be noted that the f (!enN' .,' , ast gr .

ipissmg ciscoes did not have relatively small head .OWlng
f

s. This d'
crepancy rom the general rule can hardly be accounted f . I
by differences in measuring technique. The body f orfenttrely
h 1928

orm ound'
t e year class of Muskellunge lake can best be I' In

It' f . diff exp alUed asresu mg rom size I erences at some early growth . fl .
S h diff in ectionuc I erences may have been sufficiently great to ff .
eff t f diff .. ,0 set theec 0 I erence in size at the sexual-maturity inflect'

Th id IOn.e eVI ence presented for three species of fishes dem th ' ons rates
t e Importance of the sexual-maturity inflection in modifyin hod
f D'ff in fi g y~rm. I erences m sh size at the sexual-maturity inflection are
directly r:lated to the differences in body form following inflection.
!he r~latl?n of growth rate and rate of development to size at
inflection and hence to body form is discussed further on page 47.

32.

Experimental Control of Body Form
. In ,order to assess the relationship of body form to slope and
inflection on the one hand and early development and subsequent
growth rate on the other, experimental studies were carried out
at the Oden hatchery, Michigan, which has an artesian-well water
su~ply, with a constant temperature of 45°F. throughout the year.
Rambow trout, Salmo gairdnerii, were reared under controlled
conditions from the day after fertilization and sampled regularlY
during a 9-month period from December, 1940 to September, 1941.
Some were reared on different diets at a constant temperature,
and others at different temperatures but on the same diet in or~er
that possible differences in ontogenetic relative-growth mech

a11lcS

might be traced.

Experimental Methods
d t cot!'

1. Temperature experiment. Three troughs were hel a
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temperatures of 46°F., 53°F., and 60°F., respectively,
bout the 9-month period. Temperature control was effected
ns of thermostats in each of the troughs and electric heaters

reservoir tanks which supplied these troughs. The reservoir
e were in turn supplied by a head water trough receiving the

ery water supply at 45°F.
e eggs were hatched in small Clark Williams boxes at each
oir outlet and, after hatching, the fry were transferred to

small troughs (43 inches long, 13 inches wide, and 7 inches
), The water flow for each was held constant at 0.2 gallons
JIlinute. Temperatures, taken twice a day at the head of
trough, remained constant throughout the experiment.
e eggs used were a random sample taken from a shipment

. ed at Harrietta hatchery on December 22,1940, and received
en on December 23. Approximately 4,000 eggs were set up
h temperature on December 23 (16 ounces at 240 eggs per
), Owing to differential mortality during early development

numbers remaining on March 7 were about 2,500 at 46°F.,
at 53°F., and only 25 at 60°F. Due to excessive mortality
OF. this part of the experiment was abandoned on March 8

the remaining fry at this temperature were preserved,
ter hatching and prior to feeding each trough was divided

itudinally by a median artition into two halves, and the inlet
was divided between them, in order that fish in one half

t be fed more food than those in the other half. The numbers
h trough division at 46°F. were reduced to 500 prior to feeding
er that crowding might be considered comparable with that

OF. On March 8, 500 fry, hatched at 46°F., were transferred
~e of the 60°F. trough divisions. Thus by March 8 five

mental lots remained, two at 46°F., two at 53°F. and one
ferred from 46°F. to 60°F. These fry were reared on a diet
eep liver fed twice a day until September 20, 1941. Following
ery procedure, one lot in each trough was fed as much liver

e fish could readily consume. These are referred to as well-fed
The two remaining lots at 46°F. and 53°F. were fed one half

uch liver by weight as that given the fish in the other division
~ same trough. These are referred to as ration-fed lots.

e mortality, apart from sampling, is recorded in table 4.
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Mortalities in the 460 and 530 lots were similar, but at 600
mortality was more than twice as heavy. More t~an half of t~t
600 loss occurred during the first month. The possible import th
of this differential mortality must be considered as a factor inanee

in bodv I theselection of fish of certain 0 Y orm.
2. Feeding experiment. In addition to the temperature exPeri.

ment a feeding experiment was set up to study the effect of different
diets in the control of body form. Eyed eggs were received at
Oden from Harrietta hatchery, on February 6, 1941. These
eggs ~ere hatched on and about March 1 at ~5°F. On March 1 ,
20,000 of these were transferred to each of eight hatchery rearing
troughs and on May 6 the number of fry per troug.h w~s reduced
to 5000 to avoid crowding. They were fed sheep liver 1U accord.
anc~ with hatchery procedure until May 10 '. From May 10 to
S tember 20 the same weight of food was given to each of the

ep . d 1 .
eight lots of fish but the diet was vane ; two ots :were given 100
per cent sheep liver, two lots were fed 90 per cent liver and 1O.per
cent kelp by weight; two lots were reared on 90 per cent 1.lver
and 10 per cent beef blood by weight; and two lots were given
50 per cent meal (13.3 per cent skim milk, 13.3 per cent cottonseed
meal, 13.3 per cent herring meal and 10 per cent "Red Dog" flour)
and 50 per cent beef blood by weight. Temperatures wer~ constant

t 45°F. throughout the feeding experiment. The mortahty, .apartth
a . li I west If! e
from sampling, is recorded in table 5. .~orta rty was 0 difference
liver fed fish and highest in those receiving meal. The
in mortality between these extremes was about 50 per cent.

Sampling and Measurements Iy
h lot regular

Samples of about ten fish were taken from ea~ 1 period,
(about every two weeks) throughout the expenmenta of eacb
The standard lengths in millimetres and weight in grarnS d ill 10

h preserve
sample were measured and the samples were t en ded). .At the

Per cent formalin (with a small amount of borax ad f red to 70
. 11 1 e trans erend of the experimental penod a samp es wer

per cent alcohol for storage. to five yeafi
The following measurements were made from one

after preservation:
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b 'ght-Distance from the origin of the anal fin to the tip of the longest ray.
elcaudal-Distance from the origin of the anal fin to the structural base

to
tJ the caudal ~n. .

Vertical distance through the body at Its deepest part.
Antero-posterior diameter of the uncompressed eyeball (the eyeball pro-

ttIIdes sufficiently in the small trout so that this measurement was ta~en
,nth facility).

to anal-Distance from the origin of the dorsal fin to the origin of the
anal fin.

to caudal-Distance from the origin of the dorsal fin to the structural
base of the caudal fin.

length-From the tip of the snout to the posterior most margin of .the
operculum.

I to anal-Distance from the insertion of the pectoral fin to the origin
of the anal fin.

Iand pelvic lengths-Distance from the insertion of the fin to the tip
of the longest ray.
t to dorsal-Distance from the tip of the snout to the origin of the dorsal fin.
t to pectoral-Distance from the tip of the snout to the insertion of the
pectoral fin.

rd length-From the tip of the snout to the posterior end of the vertebral
column, measured in millimetres.

t- Total weight in grams. Average weight of ten fish recorded for small
fry (yolk sac was included).

-Distance through the body at its widest part.

hese measurements were made with needle-pointed dividers
a steel ruler graduated in half millimetres. In view of the
I size of most of the fish, each measurement was estimated to

mm. The well-fed rainbows reared at 46°F., 53°F., and 60°F.,
the brook trout, were measured by the writer in 1941. The
n-fed rainbows reared at 46°F. and 53°F., the lake trout, and
rainbows reared on different diets, were measured by N. V.
in in 1945. Thus, the fish reared on different diets or at
ent temperatures were handled as a unit at one period and
he compared within the experiment. Fish in different units,
ver, cannot be compared since there may be differences in the

nique of measurement. All measurements were made without
ence to the origin of the fish.

ngth-weight comparisons for the different well-fed lots in the
Perature experiment are based on 11 samples (115 fish) taken

the 460 lot, 11 samples (112 fish) taken from the 530 lot, and
pIes (125 fish) taken from the 600 transfer lot. Comparisons
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of body measurements for these fish are based on 12 sampl
fish) taken from the 46° lot, 15 samples (145) fish taken fr~s (123
53° lot and 11 samples (111 fish) from the 60° transfer lot. rn~he
measurements-standard length, head length, eye diameter sno en
pectoral distance, pectoral length, pectoral to anal dista~ce ut to

id h d ' analto caudal distance, body depth, body WI t ,an anal height \vere
made on each fish.

Length-weight comparisons for rainbows reared at differe
temperatures and on a rationed-liver diet were made on 14 sampl:t

2. " 10 14 15 22 2G 30
Weeks from Fertilization

d diff 't awres and
FIGURE 14.-Growth rates of rainbow trout reare at 1 erent emper f ed

on different diets. Data in tables 6, 7 and 11. The T lot was trans err
from 46° to 60° F. after ten weeks.
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fi h) taken
'134 fish) taken from the 46° lot and 15 samples (146 s th\ ( d d leng ,
from the 53° lot. Four body measw:ements stan ar h fish.
head length eye diameter, and anal height) were made on eacf ding

, . . d ] the ee
Length-weight compansons for rainbows reare m pieS

'. h di t 9 samexperiment are based on four diets, two lots on eac iet, made
from each lot and a total of 812 fish. Measurements were sure"
on six lots represented by 49 samples and 493 fish. Ten meha e)'e

, h h d lengt ,
ments were made on each fish (standard lengt, ea
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rer. snout to pectoral distance, pectoral length, pectoral to
~istanCe, anal to caudal distance, body depth, body width
nal height).

S~mi1arsampling was carried out and measurements were taken
t~e lake trout and the brook trout series reported on pages 13

,nd 25.
Gf'U'th Rates

The growth rates of rainbow trout reared on different diets and
different temperatures are listed in tables 6 to 8 and 11 and are
marized in figure 14. The well-recognized increased rate of

wth at higher temperatures is apparent. In spite of differences
growth rate, size at hatching was similar at all three experimental
peratures. Thus, hatching sizes for the 46°, 53°, and 60° lots
e 12.5 mm. (8 fish), 13.6 mm. (8 fish), and 12.7 mm. (2 fish),

tively, whereas sizes of these lots on January 25 were 9.5 mm.
fish), 13.7 mm. (8 fish) and 15.8 mm. (2 fish) respectively .
Hatching dates for the 46°, 53°, and 60° lots were February
(49 days), January 22 (30 days), and January 13 (21 days),

pectively, and dates of first feeding for the 46°, 53°, and 60°
_ ..~J"lsfer lots were March 11, February 11, and March 11 respec-

ly.
By July 12, after more than six months growth, 46°, 53°, and
transfer lots averaged 36 mm., 50 mm., and 41 mm., respec-

ely, in standard length.
o more than minor differences were apparent in growth rates

fish fed on liver, liver and kelp and liver and blood. The fish
ed on blood and meal, however, were only 28 mm. long on

y 12 whereas liver fed fish from the same stock averaged about
rnm, on the same date.

live Growth
. 1. Effect oj temperature. Comparisons of the body form of the

how trout reared at different temperatures are presented in
res 15 and 16 with data for these figures listed by sample
rages in tables 7 and 8. The graphical analysis reveals certain

hOmetric differences between the three lots of fish. Beyond
th . .mfiectlOn, at a body length of about 30 mm., the relative
of eye, head, pectoral, anal height, depth and width are
























































