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: MECHANICS OF ENVIRONMENTAL CONTROL

PR OF BODY FORM IN FISHES

THE relative-growth method has been used in the interpretajo, of ¢
environmental control of body form in fishes. The relative growth of any
part such as head is characterized by a series of relative-growth stanzas
differ in slope and in the size range over which each is applicable. Fiye o
are described for the salmon during the life of the fish. The [our iyf
that delimit these stanzas are approximately coincident with the gty
of the eyed-egg stage, with hatching, with ossification, and with sexual ma
Inflections are demonstrated for more than twenty species of fishes,
Differences in the body form of individuals, groups, or populations g
species are regularly found for all sizes of fish. The relative-zrowth
describing such differences are usually parallel within the limits of observati
error. This demonstration of parallelism is indirect evidence that inflecti
particularly during early development, are important in the control of he
form. Direct evidence of the role of inflection in the determination of
form was found in natural populations and experimental lots of rainbow
Differences in body proportions of certain mature trout populations are
dependent on the size at which the fish attain maturity. Body form diffe
in small trout were produced by controlling temperature during early de
ment. Rainbow trout reared at 46°F. to 20 mm. standard length and
60°F. had a higher growth rate, larger size at the subsequent inflection,
larger heads and fins after inflection than did fish reared at 46°T. thro
the experiment, but retained the same growth partition constants. Very
inflections, as well as those at about 30 mm. and at sexual maturity, are prad
important in the determination of body form.
The fast-growing individuals of a group have relatively small body
such as head and fins but a fast-growing group of individuals may have
tively small or relatively large body parts. The relative size of body pat
determined to a large degree by the direction of, degree of, and body 8
inflections. Either rate of early development or subsequent growth raté®
affect body form through their influence on body size at inflection.
The slope of relative-growth lines was altered experimentally by malnutt!
Relatively large head parts resulted. Differences in the length-weight relatt
ship, found within species, are in part attributable to variation in bod!;e
at growth inflection. Body size at inflection plays a major part in the
mination of body form in animals other than fishes.

F [NTRODUCTION

acts have been discovered which point to a close correlation
. rate of development and the relative size of many body
f fishes, the proportional dimensions of which are commonly
ed by taxonomists in the diagnosis of species and of infra-
roups. Among these facts are those that relate the body
ns to geographical and ecological distribution of species
n fresh and salt water. Schmidt (1919, 1921, 1930), Hubbs
1934), Schultz (1927), Rounsefell and Dahlgren (1932), and
(1937) are among the many workers who have contributed
subject. Further evidence which correlates rate of develop-
vith body form in fishes has been put forward, on the basis
| observations, by Hubbs (1926). Finally, demonstration
fferences in developmental rate can result in differences in
ic characters of fishes has been achieved through direct
ent, notably by Schmidt (1921), Mottley (1937) and
(1944).

these lines of evidence have established that, in general,
sing the rate of development increases the numbers of
Ic parts. Thus, fish which develop in northern waters
¥ have more vertebrae and scales than do members of the
species which pass their lives in more southern latitudes.
15 also a general tendency for the head and fin measurements
relatively smaller in fish which are held to have a retarded
ent than in those which develop more rapidly. Accord-
t has been found that northern races of a species have smaller
» €yes, maxillaries, and fins than do southern races of the
pecies. These morphological clines are more closely corre-

With temperature gradients than with differences in latitude
N, 1944,

(%
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Congg
: nental control of body form. Two major lines of attack

In view of the great weight of evidence which has accumy _h
i followed:

to indicate the dependence of body form on developmen iy
it is rather disconcerting that in t_he several studies in whicl, gt‘o Bt ve-growth analysis of ontogenetic growth and of
in nature has been correlated with body form, a relatinnsl-;ip S . e diff U ki £ i 75

been found that appears to be diametrically opposed tq "".. R -5 S R Y e e
adduced from other observations. On this continent, White .;_L
showed differences between head and eye measurements of gy '
parr, Salmo salar, which were negatively correlated with rate 3
growth. Tester (1937) and Hile (1937) have shown respect
for the Pacific herring, Clupea pallasii, and the cisco, Leucig)
artedi, that slow-growing members of a year class have |gp,
heads, larger eyes, and longer fins than do the faster-growing iy
bers of the same year class in the same locality. The compa
was extended to fish of different populations and different v
classes, adding weight to the correlation between body form j
growth rate.

The title of White's paper ‘‘Age determination of salmon
by effect of rate of growth on body proportions” and the state
in Hile's summary (p. 125) “The values of certain characters
have been used in the separation of the subspecies show a dis
dependence on growth rate” would seem to indicate that th
was no doubt in the minds of these workers as to the causal
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 ré
tively small heads, eyes, and fins, and thick terete bodies; @ distin
contrast with the relatively large heads, eyes, and fins, and
deep, narrow body form found among very slow-growing fish.

Thus it appears that two processes, rate of development Of_ v
parts and rate of growth, are correlated with body form in fISh.
These two processes appear to have opposing relationships to b
form since relatively small body parts may be associated WIES
either retarded development or with subsequent rapid growth.

The present investigation has been directed toward the ass&=
ment of the relative importance of these two processes in: U

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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RELATIVE-GROWTH MECHANICS Terminology

a matter of convenience, special terminology has been
ed for simple relative growth relating linear dimensions.
ion in relative growth from that in which form is constant
en termed dysharmony by Champy (1924), heterogony by
| (1918), and allometry by Huxley and Teissier (1936).

The relative-growth method of analysis, which was dt'\’e{a
by Huxley (1932), consists essentially of plotting the Iog:u-ithm
some dimension of a body component against the logarithp, o
dimension of the whole body over a series of sizes of the organ;
concerned. Huxley demonstrated that such logarithmic ol
almost invariably show a linear relationship over extensive rgp. cently Huxle'y, Needham, and Lerner (1941) have suggested
of body size. This linear relation between the logarithms indjey rIT het‘3m”§6515 for ontogenetic relative growth as distinct
that although body form is rarely constant, the rate of change gf allomorphosis (relative-growth series such as those found in
body form is generally constant over the greater part of erowh pgenetic trends). A part growing relatively slowly, k<1, is
These continuous changes in form can be described by determip; . o show negative heterogony (allometry) or bradyauxesis,
the value of the slope, %, in the relative-growth equation, 3= py! s a part growing faster than that to which it is related,
or log y=log b + k log x. If the body dimensions considered ara exhibits positive heterogony (allometry) or tachyauxesis.
of the same order, for example part length against body leng pecial case of a part growing at precisely the same rate as
the slope & will approximate one. If area is plotted against length, ' when % = 1, has been termed isogony, isometry, and
values approximating two are expected and if volume or weight in accordance with this terminology.
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 Sixcesis
measured and the resultant data are plotted so that each point
represents the end of a particular ontogenetic line of gro
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 havé
been recognized by many authors, and may be summarized @
follows:

Relative Growth in Fishes

W examples of the relative-growth analysis of body form
e to demonstrate the value of this method of analysis in
ometric investigations.
0 extreme form of heterauxesis may be seen in the change of
throughout life in the California ribbon fish, Trachypterus
“monorum, reported by Hubbs (1925). Some of Hubbs’ data
Deen plotted in figure 1. The marked bradyauxesis of the
'€glon in contrast with the tachyauxesis of the caudal region
dily apparent.
& ernavin (1938), Shapiro (1938), and Huggins and Huggins
¥ may be cited as representative of the many authors who
Contributed to our knowledge of heterauxesis in growth of
The equilibrium constant, &, was found by them to vary
“0 0.8 and 1.2. Examination of the literature dealing with
,e growth indicates that isometric growth, & = 1.0, is rarely
ved, although in general the departure from it is only slight
the greater part of growth. i
' €xamination of the relative growth of different body parts

L. It takes cognizance of the multiplicative nature of ;‘(rﬂ“’th:'
2. The increased variance found with increasing body siz€ ¥
reduced to a level comparable with the variance found 88
small sizes by reducing variance to a percentage basis.
3. Development as a whole may be viewed in one pictureé. &
4. The assessment of rate of change of form as well as chang® 1
form is facilitated.

. A convenient method for the comparison of fish of dil
sizes but within the same growth stanza, is provided.

Ferent

(o1
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um, 0.90 for distance from snout to maxillary, and 1.10
, illary to tail measurement. Fins, too, showed a graded
equilibrium constants, 0.98 for pectoral length, 1.15 for
2] height, 1.24 for second dorsal height and 1.24 for anal
A typical series of original measurements has been plotted

Trachypterus
rex-salmonorum
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Si‘é » 2 to show the variation and gradation of relative growth
o
3 - —
ge8d Astyanax fascialus I
=R l
ﬂ«na§ 0%
Ena N . ' i .‘\U !
o 3R A - :
° vl a
o8 & I 9 o
S y s / A
39 i T y
<
< . e - &
s * : = ) 27
o 3 ' - £ 3 l
Q ¥ ) ¥ &, = ; i 3 N el
EQ e 3 : 8 r ¢ e W 0/’%\\ ’
o i il )’ . * o
® | 2 g S
- = 4
) . 5 A
¥ - ’/ L
26 30 50 70 00 200 400 600 000 13X 5
Body Length, mm - ;e T o M S T
v <Q 40 50 @@ T a0 90 20 B W 40 50 &0 70 80 %0
a m b
is i terus rex-salmonoruni. Data fro L Standard Ltenglrh, mm
Ficure 1.—Heterauxesis in Trachyplert he tail 18 7

(1925). The head region grows relatively more slowly and t

latively faster than the body as a whole. 2.~—Heterauxesis in Astyanax fasciatus. Each point represents one fish.
relatively faster i

. 2 ;‘i-'
of a particular species it has been. showr} that there lst;o;;:t -
variation in the deviation from isauxesis. Such p(.la dn
generally grow much more slowly than the b(})1 t}th‘t ha
These differences among parts are generally such 1 lof * e ®
of relative growth may be found along the bodylaxlfi rﬁdina“.'
anterior parts generally growing more slowlyh Tng -For ;
posterior parts faster than ’étlle T?occ)ly(la;sgga; V}\lra;) Z.eqcr',he

i Takaira nigricans, Shapir g s des ;
E:)il:ég;ti{g 0.88 ffr snout length, 0.92 for distance ro

ﬁhe characin, Astyanax fasciatus aeneus. Growth ratios
1or eye length, 0.85 for head length, 1.04 for pectoral fin
_-.99 for snout to dorsal distance, and 0.77 for anal fin
may be scen. Deviations from isauxesis are also apparent
Vth of maxillary, body depth, and caudal peduncle depth.
Parent that, although body form is not the same throughout
rowth, the rate of change of body form is constant over
Ve growth periods and subject to precise description.
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Growth Inflection .« changes in the slope of the relative-growth line denote
-hanges in organization and are termed growth inflections.
1 inflection is used rather than metamorphosis which has
od to describe a whole stanza of growth when body form is
» rapidly and marked heterauxesis is found. Such meta-
«is has been described by Ford (1930) for the stanza from
h of about 25 mm. to about 50 mm. in the Atlantic herring,
rengus (see figure 9). Inflections delimit the different
» growth stanzas which are found during the life of the fish.

Apart from the gradual changes in body form descrileq a
more striking changes in body form of fishes have been recogniy
At sexual maturity, the salmonoids in particular show ap acceq
tion of certain characters such as head and fin lengths. g,
ingly apparent are the changes in the transition from cmpyp.
to juvenile form that they have been recognized as metamorphge
(Ford 1930, Huxley 1931). Usually fishes exhibit such majop
changes early in life, and throughout the long growth period g
adult life a relatively constant body form is found. 3

By extending the relative-growth analysis to include
changes as those found in early life and beyond sexual ma
deviations from the single straight-line relationship bheg
apparent.

A consideration of the body form described in figure 2 indicat
the necessity of such deviations from a single straight-line rela

Cristivomer  namaycysh

ship throughout growth. Extrapolation of relative-growth \vx“.

to a standard length of 10 mm. infers that head length would b 97 0
: . o0 )

4.5 mm., anal height 3 mm., and eye length 2.1 mm.—an obvi )

absurd situation. At some early stage in development these par
must have grown faster than the body as a whole in order
appear at all. That such is true is apparent in the presenta
of the relative growth of certain body parts for five species (ﬁ.
3 to 7).! The essential feature to be observed is that in contrd
to figures 1 and 2, all the points for each character mf;.-asur?ff_
not lie on a single straight line. The simplest interpretation
possibility that the points may be fitted by two straight
Such has been the procedure in fitting lines to these relative &
curves. Although straight lines fit the data remarkably \\"?n
is some doubt as to whether or not the apparent changes 1
should be drawn as curves or sharp breaks. For simplictts
latter procedure has been followed. Such a proposition of cont
tive relative growth stanzas, each fitted by a straight lin¢, ff_lc-‘ '
interpretation even though it may only be an approximatlon-
"Measurements of Astyanax, Dorosoma, Brycon, Acipenser and Lette
were made by the writer on specimens stored in the Fish Division o'f
of Zoology, Ann Arbor, Michigan. Details of measurement techniqué
on page 35.

{ T b L AL ] | S A Sl
20 30 4030 W 20 304035 TO

0

Stgndara Lengih, mim
\ rowth inflection of body parts of lake trout, Cristivomer namaycush,
't Oden hatchery. Each point represents the average measurements

mple of ten fish. Samples were taken regularly from February tc

‘mber, 1941.

~cut example of inflection is found in the ontogenetic
flake trout, Cristivomer namaycush, presented in figure 3
= 1. The data are the means of measurements for regular
f hatchery-reared lake trout taken from February to
» 1941, at Oden hatchery, Michigan. Details of sampling
“tasurement technique are described on page 34. The
A feature is the appearance of a growth inflection when
'€ach a length of about 30 mm. Between 20 and 30 mm.
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head length, eye length, anal height, pelvic ar.ld pectoral fin lengg
body depth and body width all increase rapidly as compareg )
increase in body length. Beyond 30 mm. these body parts -
closely approximate isauxesis. The degree of inflection differg ¢
different body parts. Snout to dorsal and dorsal. to caudal mas
surements do not show appreciable growth inflection:
ﬁﬁ (""‘\ T
i \/\5&\“
®C  Dorosoma cepedianum
-
o "
g
E,g—
Sl
o]
Aol
S0
N
oV
Q —
i
i ! | AT P A, NS OO I N 0P
10 20 30 40 GO &0 100 200 300 400 500
Standard Length, mm
L AN N I

20 40 GO 80100 150 200 300 400

owth inflection of head, eye, anal to caudal and caudal peduncle
Standard Lenglh mm

1 Brycon guatemalensis. Each point represents one fish. The degree

A o Ction is stronger in some parts than in others.
FIGURE 4.—Growth inflection of head, pectoral, and anal fins in Dorosis ) i

cepedianum. Each point represents one fish.

of 1.58 and 1.66 before inflection and 0.93 and 0.89
Hubbs and Whitlock (1929) recognized the dangers
N using body proportions to describe young gizzard shad
ge in form was found to be rapid at small sizes.

Characin, Brycon guatemalensis, the lines for head length
:f-' eter shift from the same growth ratio of 1.23 for sizes
O mm. to 1.02 and 0.72 respectively for larger fish (figure
to caudal measurements indicate tachyauxesis (1.21)
are 38 mm. long, and an equilibrium constant of 0.99 is
€after. The caudal peduncle depth shows a comparable

inflection is found in head, eye, and body width; strong inflect®
is apparent in relative growth of body depth and fin lengthzg
Other examples of growth inflection are presented 11
4 to 7. . -
The gizzard shad, Dorosoma cepedianum, shows 1niic e
the relative-growth lines of head length, pectoral fin -IEI]R re'
anal fin height (figure 4). Head and eye growth ratios ﬂnd
and 1.56 respectively to a length of 34 mm. and 0.86 'El cro
respectively thereafter. Pectoral and anal fins show

ctions =
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shift from tachvauxesis (1.68) to isauxesis (0.98).

The head of the sturgeon, Acipenser fulvescens, shows ., o
from strong tachyauxesis (2.00) to bradyauxesis (0.84) a( 4 st
length of about 34 mm. (figure 6).

eter and postorbital length shift at a standard length of
" mm.; pectoral and anal fins shift from one equilibrium
+o another at a length of about 25 mm. Finally it should
that the direction of inflection differs from part to part.
orsal and postorbital lengths increase faster after inflection
e, whereas eye and anal height increase more slowly

& / on than they do before.
Q
= Acipenser [ulvescens .
% Levcosomus corporalss
3 e‘]ﬁ/‘ -
We i
¥ 03 -
3 A
3 7 ‘/—, \‘,/'.t,\q\"
: . 2ot o
2 il 7
SN - ?.,,/:Nqo & i
o s } /(7(\
t ©
el £ ¢ I
B i / :
:-I. :
I‘ k -
y -
m}' i ;
[ // v
‘ _j r
10 —L L ] ' I I [ T T
H A ) sl g 20 3040 60 80100 12020023 15 20 30 40 6O 80 100 150 200250
Standard Lenglth, mm i —

Standard Length, mm
FIGURE 6.—Strong growth inflection of head in Acipenser fulvescens !

( blished). Each point represents one fish. —Growth inflection of body parts in Leucosomus corporalis. Each
data from Harkness (unpublished).

represents one fish. Body parts differ in size at, degree of, and direction

ri on.
demonst

The data for the fallfish, Leucosomus corporalis, et

approximate isauxesis of postorbital length, head ;C'n.‘éiﬂ‘!ﬁn e ni : _ ~
fin length, head to dorsal distance, body depth amg ‘%1‘1‘1 pared ‘__*Sl.ldden_shxtts or inflections from one phase to the next.
beyond growth inflection (fAigure 7). Tachy-a;\xesxsi;? kt}a i f'. examined are found to de'monstrate slight heterauxesis
all but postorbital and .hea}d. to.dorsal Iengtf]slr;rnvo i slop JOI" part of the growth perl(_{d prcc_eded by strong hete-
growth ratio. The variability in degree 0 C}cﬂ:ctiml a during 'early growth. The mﬂezctlons f.rom stfong to
worthy of note. The snout shows no obvious 1n b terauxesis occur bet\VGeI? 20 and 45 mm. with considerable
head very little, whereas pectoral and anal fins show ¢ 1 apparent between species and between body parts within

¥ Hfferent = . A= G L gl § F . .
shift. Of further interest is the fact that there are diff¢ = Species.  In addition to this variation in size at inflection,
Tee of and direction of inflection from one phase to the

eneral, definite stanzas of relative growth occur with

iff - obser™
the length at which inflections of different body parts ar¢
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next vary markedly from one species to another and from one by : Q

part to another within the same species. f fo pecioral o Dorsul /6 anus i,/
Growth inflections in fishes have been recognized by ol st =

authors. Doan (1939) described the relative growth of vari a B~

body parts in the smallmouth bass, Micropierus dolomie, H '

inflection was found in snout to anal length, snout tq do, . = ‘

measurement, or dorsal fin length. Head length and eye diameg ol

however, shifted slope at 9 mm. standard length and pectoral ol ;

length and anal fin height shifted markedly at 12 mm. Syqq.. i’

shifts from tachyauxesis in the head and certain fins were o e ‘

at 11 to 14 mm. in the pike, Esox lucius, described by Spren; . i

(1945). The relative growth of gars, studied by Needham (193 7 LS I L it S .,LLAHJ

Hammett and Hammett (1939), and Huggins and Thom

(1942), showed marked inflections both between 20 and 45 ":. gt syl

as described above, and again at larger sizes. The rostrum of £ o~

spoonbill described by Thompson (1934) and the jaws of B o«

(Huggins and Thompson, 1942) showed a very gradual inflect; = o Sapae

in their relative growth as a result of marked growth gradie A = ‘,/;‘. e

within these parts. Sudden changes in the growth gradient ;’: A

been described by Desbrosse (1936) for the red barbel, Mu ¥ Z 4.7'.

barbatus, at about 12 and 18 cm. The first inflection was associa b T

with gonad development and the second with sexual maturi m e

Fish smaller than 5.6 cm. were not examined, but above this s - i (?;10 Ld g 1lsl I, IQIO_LuJJ- S

the opercular region showed the most marked tachyauxesis.
11 to 13 cm. the distribution of growth potential changed, th
being then two regions of maximum tachyauxesis, the snout @
the anterior part of the trunk. Similar changes have been r
nized by Hamai (1941) in the carp, Cyprinus carpio. Mottley (19901
recognized changes from bradyauxesis to tachyauxesis for _SBV ]
body characters of Salmo kamloops, at a length of appromﬂ}ﬂ'_
26 cm., coincident with the onset of sexual maturity- Simi
inflections at sexual maturity in the relative growth of such €4
acters as head and fins have been described for Salvelznis '
and Salmo kamloops by Martin (1939) and for Salvelinus [onmEs
by Martin (1939) and Wilder (1944). .
Two growth inflections have thus been recognized
species. One has been shown to occur between 9 anc 2a)
depending on the part and on the species. Needham (19302

Lenglh of boaly, 772077,

rowth inflection of body regions in Salmoe salar. Plotted by Fry
het_ﬂ). There is a shift in the relative growth gradient at 16 mm.
er inflection mentioned in the text is not illustrated by these data.

'that the onset of ossification may be responsible for this
The second inflection, found notably among large
1d ﬁsh.es, has been related to the onset of sexual maturity.
= relative-growth picture for the Salmonidae has been
f by measurements of body parts in small fish both before
hatf:hing. Fry (unpublished) studied changes in the
M during early growth in salmon, Salmoe salar, which were
0 a length of 25 mm. and sampled regularly during their
to that size. His findings are presented in figure 8. Two

{ in
| 45
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Co
further inflections are recognized at 12 and 16 my, befg ¢ Mechanisms of Change in Body Form
growth inflection found at about 30 mm. The first growth ‘S

of which only a glimpse is seen, is featured by an <:x1runels- :
growth of head and eye within the egg at a length of |.o 3

‘mechanics of relative growth has been clearly established
ories of growth stanzas differing in the magnitude of the

2 : ; S thap constant with each stanza applicable over a different size
mm. Eggs be}'?“d this first Phd_be of devel01'_”“”“ are referreds Differences in body form found among populations, vear
as eyed eggs. A second stage of growth during which heaq and individuals of the same genetic group result from

grow more slowly than the body as a whole to a lengtl, of 18452
is shown more clearly. In the third stage the head 444,
much more rapidly than the rest of the body. This growtht
the anterior region is so rapid that if it were to continye the }
would constitute 70 per cent of the standard length ot 100 1
This third stage is entered into at about the time of hateh
A sudden change in the relative-growth gradient is thus app
at 16 mm. Between 12 and 16 mm. the fastest growth is fo
in the pectoral to dorsal region. Beyond 16 mm. the snou
dorsal and dorsal to anus measurements show the lastest arow

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

Day (1941) provided snout, operculum, and eye measuren
for Salvelinus fontinalis which, as plotted on a logarithmic
show an inflection from bradyauxesis to tachyauxesis coingl
with hatching at 10 to 12 mm.

A relative-growth analysis of change of form throughout
life of a fish thus reveals a number of stanzas of heterauxesis.
the salmon five such stanzas have been recognized. The

ns from the mean relative-growth pattern for the group.
re two possible mechanisms through which differences in
orm can come about. It may be that the slope or degree
srauxesis of a particular growth stanza is affected, thus
e about changes in body form directly. On the other hand,
ces in body size at the time of inflection from one stanza
next may bring about differences in body form. If the
each phase of relative growth should remain constant
pecies, marked differences in body form could still result
ze differences at the time of inflection. If for example the
om tachyauxesis to bradyauxesis found at say 30 mm. was
r at a body length of 25 mm., the relative size of the body
nsidered would be relatively small and continue to be so
vared 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-
on; the sharper the angle of inflection, the greater the
e disparity. Since there is the greatest divergence of
ve growth rates from isauxesis in early growth there is an
tunity 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

tors ini form has been s of
growth demonstrates tachyauxesis to the eved-egz s8¢ b .grO\::l:er:’]llr?llc?% L:’.?)d(?l]etgrmine whethe;ﬁltjfceiinzzstierirz;ooé
vauxesis until about hatching time, tachyauxesis again until W . P
Sidiy : ‘ ; ’ e S ¢ at time of inflection are both at work in the control of

5 i : i rauxesis during the 8T i ) -
salmon is some 30 mm. long, slight bradyauxesis ;i orm, or whether one or the other may predominate. This

i ke TSR 4 - = raate ng | he & - . s 5
I’dfttOff JUVICU;IC grow th, m\lﬁlhc}l}} a‘ll‘\eS‘Sft‘?l,]:)r\;mé heterats® Tshould be solved by an investigation of the relative-growth
ment of sexual maturity. Although cases ol ext by rare nics involved.

over an extended period of the life of a fish are probab!y o
¥ B L

perhaps the rule for them to deviate widely from isauxesi=

growth stages.
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| cch at higher latitudes (or from colder waters) have relatively
heads and other body parts and more vertebrae than do
esentatives of the same species in more southern latitudes (or
Jer waters), but do not conform to the contention that fast-

ing fish have relatively small heads. The data on head

ANALYSIS OF MORPHOLOGICAL DIFFERENCES BY Tl
RELATIVE-GROWTH METHOD

Differences among Populations
Some of the differences found in nature among fish populyy,
Ony

have been examined by the relative-growth method, ;g
correlations which have been found between body forp A
growth rate or early rate of development reconsidered in light 5
this examination. Curves and data found in the literatyra ¢ 2
gether with original data have been used in this relativegry i
analysis of diversity within species. ol
E b=y
8}~ Clupea harengus . b 3
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RE 10.—Growth inflection and parallelism of head, eye, and anal height in
-Oregonus clupeaformis. Data from Hart (1930a and b).

bs are presented in figure 9. Jean has demonstrated the
Uelism of these relative-growth lines and the difference between
- In order to relate this parallelism to the inflection which
und at about 50 mm. standard length in this species, measure-
'S of photographs presented by Ford (1930) and Huxley’s
ysis (1931) of Ford’s data for small herring are included.

FIGURE 9.—Growth inflection and parallelism of head in Clupea harengits: .
from Huxley (1931), Ford (1930) and Jean (1945) *

Jean (1945) has compared populations of the Atlantic he‘}'}
Clupea harengus, taken in the Gulf of St. Lawrence and has 8
that the fish from the relatively cold waters of Tle Verte, in con
to those from the warmer waters of Anse au Gascon, were ©
terized by a slower growth rate and by having smaller head$ :
more vex:tebrae. These data are in accord with the hypPot=
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comparison again is the fact that relative-growth lines, for
seasurements of seven populations, are parallel. Five popu-
s which had diverse rates of growth had virtually the same
head size. The Beaver river populatian, in spite of a
growth rate, was characterized by a relatively large head
however, that proportional differences between the two popyp, In these popul'ations there seems to be no correlation between
tions were equally great over the size range examined since th&; orowth and size of head. The eye mesfsurements presen?ed
relative-growth lines remain parallel and distinct thmughﬂut:_ te, on the other hand, show some divergence of relative
growth. An inflection in the relative-growth curve for both heaq

Measurements of whitefish, Coregonus clupeaformis, as Presen ot
by Hart (1930a and b), have been plotted in figure 10. In CONtrag
to the herring described above, the fast-growing whitefis, fre
Lake Ontario were found to have smal! heads and fins as COT!'II)aredj

with slower-growing fish from Lake Nipigon. It is appareng.
]

This phenomenon will be discussed later.

lative growth in three lots of brook trout, Salvelinus fontinalis,
> in growth rates, is presented in table 2 and figure 11.
ew fish less than 30 mm. were taken, growth inflection is
rent. Average measurements for each of the samples
throughout the summer at Oden hatchery have been plotted,
relative growth of each lot has been followed by drawing
at lines through these points. Those in the small sort had
ely large eyes, heads, pectoral fins, anal fins, and the body
rre slender and narrower. Since sorting was carried out on
sis of fish width by screening through trays fitted with
spaced rods, it is perhaps not surprising that differences in
roportions were found. The interesting feature, however,
act that differences were maintained after continued growth.
itogenetic growth of each group was such that fish with
epth and width continue to have small depth and width,
yes, large heads, long pectoral fins, and high anal fins after
onths of growth. There does not appear to be a divergence
¥ form with growth rate, but rather the slow-growing fish
om the fast-growing individuals to a comparable degree
> whole size range. The relative-growth curves of these
Ots suggest that the differences in body form resulted from
fces established early in development.

artin (1939) has described north-south form differences in
Omer namaycush and Salvelinus alpinus. Again, although
re limited, the relative-growth ratio was found to be

Salvelinus fontinalis

15- 200 34 86
I
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Figure 11.—Relative growth of slow, medium, and fast-growing hatchery stocks:
of brook trout, Salvelinus fontinalis.

and eye occurs at 30 mm. standard length; an earlier inﬁe:-ctmr:i;
8 mm. is also suggested by Hart’s data but has not been included
here. Vi | il

The data used by White (1936) in the comparison of hcﬂidsm-_E
in slow and fast-growing populations of salmon, when plotwf olﬁ;
a logarithmic scale, indicate that differences do not rCSUIt, ;
divergence of slopes. The relative-growth lines are [hgﬂm&
throughout the parr stage. These data on salmon parr, 2"

arr, S0 at southern populations had relatively larger heads, maxil-
salar, have been extended by Wilder (1940). The striking fea

and eyes than northern populations, were largely due to
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a lateral displacement of the relative-growth lines rathe,
change in slope.

This relative-growth analysis has thrown light on the Natype
differences among populations of the same species. A
common to the differences among populations herein descrih
the constancy of the relative-growth slopes within a Specieg,
case of divergence of relative-growth lines has been foung
this single divergence is overshadowed by cases showing I"ill'allél' a study of halibut, Hippoglossus hippoglossus, McCracken
This recurrence of parallelism directs attention toward the Poss 7y has found that the slopes of the relative-growth lines which
importance of early development, operating through growth ; ribe each pectoral fin are the same, but considerable difference
tions, as a factor in the control of the body form of fishes,  size at a given body length is apparent. The pectoral fin
in light of this explanation, those exceptions from the gep e eyed side is considerably larger than that of the blind side,
correlation between growth rate and body form which were fo in the size range studied (45 to 200 cm.) the percentage differ-
in certain populations of Clupea harengus and Salmo salur are g e between the two is constant. Somie critical stage in the carly
not to conflict with the established laws of growth. In gene f the fish, following the symmetrical stage, must bring about
rapid growth in later life is associated with large size during tive difference in fin size which remains constant {rom then on.
development and hence a general correlation between growth
and body form is to be observed. However in the exceptions
this rule cited above, this more usual correlation was not fou
the size relations during early and late development being no
correlated, and the usual relation between body form and gros
rate was not observed, although the growth partition cons
remained the same.

ation investigated, little margin is available for variation in
among individual growth lines. Such evidence contributes
o thesis that differences in body form are established at
| stages of development and remain relatively constant
wuehout any particular growth stanza.

!Zhan

Asymmetry in Individuals

Correlation of Body Form with Meristic Characters

ifferences among populations within species have been
cterized by the repeated recurrence of correlation between
orm and meristic characters. As pointed out above, northern
lations commonly have smaller heads and fins, together with
jater number of meristic parts such as vertebrae, scales, and
ys. This correlation has been referred to by Hubbs (1926)
Tester (1937). Although slow-growing herring, as described
ean (1945), differed from many slow-growing populations
d in other species in having small heads and fins, they also
more vertebrae and thus conformed with the usual correlation
body form and meristic counts.

Differences within Populations

If growth rate were to influence body form directly withi
growth stanza this could be accomplished only through a .ch
in the slope of the relative-growth line. Within a populatio
slow-growing individuals would, under these conditions,

3 - o™ 1ster-growas . . . )
.rele%tlye-growth_ L dlfferent slope from those of fﬂ?uf %1& tis well recognized that somite number and hence number of
individuals. Since such differences would be cumulative ©

Hemtrothlines deatbing dem: aaf! ek groilie - divid b Stic elements, is modified by rate of early development (Gabriel,
-grow s desc ast-growing e '

1d ti to diverce. with the resnlt that the vanas 3 e correlation of. body form. with meristic characters,
wou ICO[“ LALGT S bf-l‘ erg;, ";1 4 e rb - siculdl b -ated throughout the literature, points to a similar predeter-
spread ol points about the line describing any partit ]

ular B o Lo iy ( N )
part would increase with growth. However, an ex[ll“l‘l‘iﬂ.tl()n: body form at an early stage of development.
figures 2, 4 to 8 and 10 indicates that relative growth 15 @

1 large
terized by constancy of scatter among both small and lrlrrgr
With such constancy of variance throughout growth, 4

Discussion

A '__the foregoing relative-growth analyses it has been demon-
€d that body-form differences among groups of fish are not
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Al (‘DN b

~MNI
2d individuals vary in the size at which sexual maturity is
| suggests an opportunity for the assessment of the im-
e of inflection in the determination of bodyv form.

always negatively correlated with rate of growth. Relatiw:ly .

body parts have been found in some examples to be

with rapid growth and in others with slow growth.
The differences among individuals of one population amel

assqe 2

I
populations of one species seldom result from a change | o b Sohohe 3y
growth constant. WVariation among populations of the sae gl m%: JGNVE/IUS LaalInalis
has been shown to be such that differences in body form found ia &
later life are also found to be relatively as great at smaller si R o;
In the exception to this generalization, found in eye diameter ia [ E‘ wF
salmon, the divergence of slopes is superimposed on differey e V) &
established early in life. The comparable variance of part-leng DN oo J
relationships at small and large sizes implies that the relati % Et /_/’
growth lines which describe individuals within a population are als B /./"' A
parallel. N 20 A

In discussing the possible growth mechanics involved in effees ;9_: - S

morphometric differences it has been pointed out that changes = o Pa
body form could be brought about either through differenc '§ o ' ,

s g 4 o A ; ©- / o Fresh Water Trouf- |
slope or differences in body size at growth inflection. Since di 4l L SmorlBraoks.
ences in slope have been found to be of little or no importance b // __V_,4,:.45:’:}?}‘8;‘5;&:9{?;2?‘;;;-
there is strong suggestive evidence that body size at growth i R Sea Jrout.
tion may play the major role in the fixation of differences in 4 5 6 7 8910 52625 %0 3

form.

It is furthermore inferred, from the fact that growth rate is
always correlated with body form, that early development may
an important factor in the direct control of body form.
common correlation between body proportions and number
meristic characters suggests that body form is determined eflﬂ'ly
life. If inflections can be demonstrated to be important L&
mechanics of control of body form, then early development e
be expected to be correlated with body form both because of
number and sharpness of inflections at very small sizes.

Standard Lenglh, cm

larger bodies of water, and “sea run" stocks have been
S by Wilder (1944). His presentation of relative maxillary
of each group is shown in figure 12. It may be seen that
lilibrium constant, k, is approximately the same for all three
both for immature and mature fish. The groups differ in
maturity, with brook fish attaining that stage at a relatively
1ze and sea-run stock at a much greater length. These
€d differences in size at sexual maturity, and hence at the
inflection, resulted in large differences in relative maxillary
Ong mature groups. In spite of constancy of rate of change
1, gross differences in morphometry resulted directly from
fices in body size at growth inflection.

GROWTH INFLECTION AS IT EFrEcTs DIFFERENCES
iN Bopy ForMm
Form Change at Sexual Maturity

The fact that growth inflection may be found coin
sexual maturity, together with the general recognition t

gidcﬂt "3
hat poPSS
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Kennedy’s (1943) comparison of dwarf and normal pop“"“iﬁnsi
of whitefish, Coregonus clupeaformais, found within the sam. Iake.
demonstrated that both groups had the same relative-;:-m\vth
constants. The two populations differed in size at maturity, rate
of growth, length of growing season, and number of scales 4y il
rakers. When body proportions were compared by the relatiye,
growth method it became apparent that although the matyre fish
differed in body proportions, they followed the same relative-g;-m\,th.
pattern. Both slope, k, and intercept, b, were identical ip the
two groups (the lines were identical). Equilibrium constants fop
anal height and length of pectoral fins were greater for Immatyre
than for mature normal fish. No data were presented for relatiye
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, Leucichthys | | [ el i [ i)
artedi. Hile's data for head length of four Wisconsin populations 30 75 100 125 150 175 200 250 300 350 400
have been plotted in figure 13 together with data by Iry for helaad Standard L ernglh, mm
r.neasurements.of 3425 Nipissing ciscoes (tablé 3)_- The .NipisSlﬂg _3-—Parallelism of head growth in Leucichthys artedi. Data from Hile
line shows an inflection at about 200 mm., coincident with sex °f) and Fry. The lines drawn through the Wisconsin lakes figures have
maturity, a change which is considered real in view of the izfrge_ R drawn parallel to the upper slope of the Nipissing data which is for
number of specimens measured. An examination of the poififs: e
plotted indicates that little divergence in the slope of the relatives
growth lines is found among the Wisconsin populations. BV ‘-‘smgl
the Nipissing “mature” line as a base, parallel lines were drawf”*
through the points for mature fish from each lake. Since st
lines fit the points reasonably well the differences in relative h i
size may be described by differences in the intercepts, b, made
these lines with any y axis. The Trout lake populationt l'_laa
slow growth rate and large heads, whereas the Clear lake cis€®"

Levcichthys arteds

x /V/'p/'ss/‘ny

« Clear

o Irouft

5 /l'/u_s/\‘e//unye
o Silver

13

PId growth and small heads. Similar differences have been
by Hile for maxillary length, eye diameter, and length
€4 and dorsal fins. Such a correlation between body férm
€ of growth held for a comparison of populations and for
Yals within a single stock. The 1928 year class from
nge lake showed differences in body form which were not
- 0 growth rate. Difference in the environment during
‘ent and early growth were the causes suggested. Thz
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possibility that differences resulted from differences ;
3 in

mperatures of 46°F., 53°F., and 60°F., respectively,

growth inflection offers a plausible explanation of th; 1 it the 9-month period. Temperature control was effected

involved. Head measurements of small ciscoes 1;1" ‘Nech __ of thermostats in each of the troughs and electric heaters
: s (T 3 2 . 5 = .

Sentediy cervoir tanks which supplied these troughs. The reservoir

Pritchard (1931), as plotted together with data on larger o, -
f‘eveai growth inflection at 18 mm. Size differencc-; mTDecl
inflection or possibly at that found at the onset of sexy;]

may have resulted in the differences in body form \\'hif‘l‘] hmat
fo'und among ciscoes. It should be noted that the f-.qave
Nipissing ciscoes did not have relatively small heads\ j Thi
crepancy from the general rule can hardly be accounte_wj for .
by differences in measuring technique. The body form fen
the 1928 year class of Muskellunge lake can best be ex Jlffi i
resulting from size differences at some early groxx-thl Iinﬂ“
Such differences may have been sufficiently q‘reat to nl’f;:;
effect of difference in size at the sexual—n1at11ri£5f inﬂea_‘.tir_m. -

”'[‘he evidence presented for three species of fishes demonstr:

the importance of the sexual-maturity inflection in modilying ol
f(?rm. Differences in fish size at the sexual-maturity inflection
directly related to the differences in body form [ollo{vinq inflection
:The relation of growth rate and rate of developm(‘nrl to siz
inflection and hence to body form is discussed further on page

ere in turn supplied by a head water trough receiving the
- water supply at 45°T".
s were hatched in small Clark Williams boxes at each
outlet and, after hatching, the fry were transferred to
il troughs (43 inches long, 13 inches wide, and 7 inches
r ‘he water flow for each was held constant at 0.2 gallons
ute. Temperatures, taken twice a day at the head of
yugh, remained constant throughout the experiment.
: g_s used were a random sample taken from a shipment
| at Harrietta hatchery on December 22, 1940, and received
“on December 23. Approximately 4,000 eggs were set up
temperature on December 23 (16 ounces at 240 eggs per
Owing to differential mortality during early development
1bers remaining on March 7 were about 2,500 at 46°F.,
'53°F., and only 25 at 60°F. Due to excessive mortality
. this part of the experiment was abandoned on March 8
remaining [ry at this temperature were preserved.
r hatching and prior to feeding each trough was divided
inally by a median partition into two halves, and the inlet
vas divided between them, in order that fish in one half
e fed more food than those in the other half. The numbers
trough division at 46°F. were reduced to 500 prior to feeding
at crowding might be considered comparable with that
On March 8, 500 fry, hatched at 46°F., were transferred
of the 60°F. trough divisions. Thus by March 8 five
iental lots remained, two at 46°F., two at 53°F. and one
red from 46°F. to 60°F. These fry were reared on a diet
: liver fed twice a day until September 20, 1941. Following
ery procedure, one lot in each trough was fed as much liver
ish could readily consume. These are referred to as well-fed
Che two remaining lots at 46°F. and 53°F. were fed one half
b liver by weight as that given the fish in the other division
ame trough. These are referred to as ration-fed lots.
"m()rtality, apart from sampling, is recorded in table 4.

Experimental Control of Body Form

. In order to assess the relationship of body form to slope
inflection on the one hand and carly development and subsed
growth rate on the other, experimental studies were carried
at the Oden hatchery, Michigan, which has an artesian-well
supply, with a constant temperature of 45°F. throughout the
Rainbow trout, Salmo gairdnerii, were reared under cont
conditions from the day after fertilization and sampled regu’
during a 9-month period from December, 1940 to Septembers 1
Some were reared on different diets at a constant temper®
and others at different temperatures but on the same dict in
that possible differences in ontogenetic relative-growth mech?
might be traced.

Experimental Methods

1. Temperature experiment. Three troughs were held 3858
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hit—Distance from the origin of the anal fin to the tip of the longest ray.
~audal—Distance from the origin of the anal fin to the structural base
'. a;,udal fm.

vertical distance through the body at its deepest part.

posterior diameter of the uncompressed eyeball (the eyeball pro-
sufficiently in the small trout so that this measurement was taken
) facility).

¢0 anal—Distance from the origin of the dorsal fin to the origin of the

Mortalities in the 46° and 53° lots were similar, but ;¢ 60° |
mortality was more than twice as heavy. More tl};m half of
60° loss occurred during the first month. jThe possible imporg
of this differential mortality must be considered as a f[actqp in.
selection of fish of certain body form. L
9. Feeding experiment. In addition to the temperature ¢
ment a feeding experiment was set up to study the effect of djf,
diets in the control of body form. Eyed eggs were recej
Oden, from Harrietta hatchery, on I?ebruaE}; .‘(3, 1941,
eggs were hatched on and about March 1 at fl:o F. On Mare
20,000 of these were transferred to each of eight hatchery re;
troughs and on May 6 the number of fry per troug_h was redug
to 5,000 to avoid crowding. They were fed sheep liver in ag
ance with hatchery procedure until May 10.. From May |
September 20 the same weight of foo'd was given (o e;lc!n of
eight lots of fish but the diet was \_farled; two lots were given ]
per cent sheep liver, two lots were fed 90 per cent liver and 1
cent kelp by weight; two lots were reared on 90 per cent li
and 10 per cent beef blood by weighF; and two lots were
50 per cent meal (13.3 per cent skim milk, 13.3 pc:f cent cot1':,0 .
meal, 13.3 per cent herring meal and 10 per cent ‘“‘Red Dog
and 50 per cent beef blood by weight. Temperatures were €0 .
at 45°F. throughout the feeding experiment. ’_I‘he mortality, aF
from sampling, is recorded in table 5. Mortality wa’aﬁlo\vc(?i ‘ y
liver fed fish and highest in those receiving mcz}I, lhff. tl -
in mortality between these extremes was about 50 per cent

k'

o caudal—Distance from the origin of the dorsal fin to the structural
> of the caudal fin.

th—From the tip of the snout to the posterior most margin of the
culum.

to anal—Distance from the insertion of the pectoral fin to the origin
he anal fin.

and pelvic lengths—Distance from the insertion of the fin to the tip
the longest ray.

dorsal—Distance from the tip of the snout to the origin of the dorsal fin.
)y j)_ectoral—Distance from the tip of the snout to the insertion of the
ength—From the tip of the snout to the posterior end of the vertebral
n, measured in millimetres.

otal weight in grams. Average weight of ten fish recorded for small
olk sac was included).
istance through the body at its widest part.

se measurements were made with needle-pointed dividers
| ruler graduated in half millimetres. In view of the
ze of most of the fish, each measurement was estimated to
The well-fed rainbows reared at 46°F., 53°F., and 60°F.,
brook trout, were measured by the writer in 1941. The
rainbows reared at 46°F. and 53°F., the lake trout, and
ows reared on different diets, were measured by N. V.
n in 1945. Thus, the fish reared on different diets or at
It temperatures were handled as a unit at one period and
€ compared within the experiment. Iish in different units,
¥er, cannot be compared since there may be differences in the
que of measurement. All measurements were made without
Nce to the origin of the fish.

h-weight comparisons for the different well-fed lots in the
fature experiment are based on 11 samples (115 fish) taken
e 46° lot, 11 samples (112 fish) taken from the 53° lot, and
ples (125 fish) taken from the 60° transfer lot. Comparisons

Sampling and Measurements

o gt res
Samples of about ten fish were taken from each lot

(about every two weeks) throughout the expgirm?cﬂtal e
The standard lengths in millimetres and weight in gri_\“?v i
sample were measured and the samples were then {.?ll‘(li‘:';-)

per cent formalin (with a small amount of borax ac Lf:fcr. 0
end of the experimental period all samples were trafs

per cent alcohol for storage.

five ¥¢
The following measurements were made from

1 one L0

after preservation:
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Coy 'R
of body measurements for these fish are based on 12 Smpleg:
fish) taken from the 46° lot, 15 samples (145) fish talkey (rong 2
53° lot and 11 samples (111 fish) from the 60° transfc: lot,
measurements—standard length, head length, eve diamer, snoy
pectoral distance, pectoral length, pectoral to anal diil;ln(;e’ '
to caudal distance, body depth, body width, and anal height Wi
made on each fish.

Length-weight comparisons f{or rainbows reared at dif
temperatures and on a rationed-liver diet were made on 14 sapy,

¢, snout to pectoral distance, pectoral length, pectoral to
.tance, anal to caudal distance, body depth, body width
height).

sampling was carried out and measurements were taken
Jake trout and the brook trout series reported on pages 13

Rates

owth rates of rainbow trout reared on different diets and
t temperatures are listed in tables 6 to 8 and 11 and are
ed in figure 14. The well-recognized increased rate of
‘at higher temperatures is apparent. In spite of differences
h rate, size at hatching was similar at all three experimental
wres.  Thus, hatching sizes for the 46°, 53°, and 60° lots
2.5 mm. (8 fish), 13.6 mm. (8 fish), and 12.7 mm. (2 fish),
ively, whereas sizes of these lots on January 25 were 9.5 mm.
), 13.7 mm. (8 fish) and 15.8 mm. (2 fish) respectively.
tching dates for the 46°, 53° and 60° lots were February
) days), January 22 (30 days), and January 13 (21 days),
_. ely, and dates of first feeding for the 46°, 53°, and 60°
r lots were March 11, February 11, and March 11 respec-

50

I

40
I

30

5f20/7(/0rd Lernngrh, mm
0

July 12, after more than six months growth, 46°, 53°, and
ansfer lots averaged 36 mm., 50 mm., and 4] mm., respec-
in standard length.

more than minor differences were apparent in growth rates
fed on liver, liver and kelp and liver and blood. The fish
.'.f')n_ blood and meal, however, were only 28 mm. long on
2 whereas liver fed fish from the same stock averaged about
. on the same date.

SR [y P M
12 16 20 2¢ 28
I . Y N
2 & 10 14 18 22 26 30 ‘
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FiGurRE 14.—Growth rates of rainbow trout reared at different temperatures
: : N 5 F o il

on different diets. Data in tables 6, 7 and 11. The T ot wa tramn

from 46° to 60° F. after ten weeks.

ve Growth

Liffect of temperature. Comparisons of the body form of the
W trout reared at different temperatures are presented in
3 1§ and 16 with data for these figures listed by sample
368 1n tables 7 and 8. The graphical analysis reveals certain
I_netric differences between the three lots of fish. Beyond
1 Inflection, at a body length of about 30 mm., the relative
of eye, head, pectoral, anal height, depth and width are

(134 fish) taken from the 46° lot and 15 samples (116 hsh}l 'i.l
from the 53° lot. Four body measurements (standard 1€
head length, eve diameter, and anal height) were nmd(-: on e f
Length-weight comparisons for rainbows reared in 111(6 -
experiment are based on four diets, two lots on each diet, 'J E -
from each lot and a total of 812 fish. I\-‘Ieasurcmenfvia W el‘eas
on six lots, represented by 49 samples and 493 fish. Ten m'th
ments were made on each fish (standard length, head lengt
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