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Abstract. Sex-linked dwarf male (dw/dw) and female (dw/—) chickens from a commercial meat
strain, grew significantly slower than genetically normal broilers (Dw/Dw). The differences were
evident at 2 weeks of age and they remained constant with age, at least through 8 weeks. The
dwarfs in turn grew significantly faster than genetically normal (Dw/Dw) but slow-growing roaster
strain chicks. Heterozygous (Dw/dw) normal, fast-growing male broilers grew significantly faster
than the normal and roaster chicks but weighed 8% less than the normal broilers at 8 weeks.
Abdominal fat accretion was greatest in the dwarf chicks and least in the slow-growing roaster
strain when comparisons were made at the same age and the same body weight. Pectoralis muscle
growth was greater in the broiler strain when equal age and weight comparisons were made.

Gastrocnemius muscle growth, however, was greatest in the slow-growing roaster chicks.
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The study of growth and development in
poultry has become an area of active research
interest. Much of this interest has been gen-
erated from studies of unique genetic stocks
that have been selected for differences in
weight gain (1), obesity (2, 3), feed efficiency
(4, 5), and feed intake (4). Likewise, compar-
isons of commercial strains (i.e., broilers, leg-
horns) that have been developed for a different
set of biologic and/or economic traits have
also contributed to the literature in this
area (6-8).

A recessive, sex-linked dwarfing gene (dw)
in chickens was initially described by Hutt (9).
The dw gene has been introduced into a num-
ber of closed genetic lines (10-12) and selected
growth, metabolism, and endocrine charac-
teristics of these dwarf lines have been reported
(11-16). The dwarfing gene is recessive to the
gene for normal growth such that when dwarf
dams (dw/—) are mated to normal sires (Dw/
Dw), all resulting female chicks are normal
(Dw/—) and the heterozygous (Dw/dw) male
chicks are phenotypically normal. For this
reason, commercial poultry breeders have in-
troduced the dwarf gene into fast-growing
broiler strains to try and take economic ad-
vantage of a smaller broiler breeder hen with-
out sacrificing progeny performance.
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Reddy and Siegel (17) showed quite clearls
that the expression of the dw gene can bx
modified quite dramatically by the back
ground genotype into which it is introduced
Furthermore, in commercial normal anc
dwarf meat lines the phenotypic expression o
the dw gene may be further modified by con
tinued selection pressure. The results from
studies comparing commercial strains may bk
quite different therefore in contrast to studie:
where the dw gene was introduced into :
closed, less selected genetic stock. Addition:
ally, the dw gene also results in slower growtt
and the contribution of differences in growtt
to differences in carcass traits has not beer
addressed in other studies.

The dw gene is an example of a specific allele
that may have economic importance, bu
conventional population genetics has also beer
used to develop other distinct lines that serve
specific markets within the poultry meat in:
dustry. An example of this would be roaste:
strain chickens. Birds from this strain are
reared to very heavy body weights and have
been selected for improved carcass confor-
mation and carcass yield but not rapid growth

An initial objective of these studies was tc
study and compare carcass traits in normai
and dwarf broiler strain chickens. To bettes
understand the relationship between slowei
growth and phenotypic expression of the du
gene, slow-growing genetically normal roastei
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strain chicks were also compared with dwarf
and normal broilers in subsequent studies.

Materials and Methods. Experiment 1.
Male and female chicks from commercial
broiler and sex-linked dwarf meat strains were
hatched, banded by sex and strain, and
brooded together from 0 to 4 weeks. From 4
to 8 weeks of age, the dwarf male and female
chicks were reared separately but adjacent to
the pen with the broiler chicks. All chicks were
fed a commercial broiler starter diet (Agway
Inc., Syracuse, N.Y.) throughout the experi-
ment.

At 2, 4, 6, and 8 weeks of age, 20 chicks
from each sex and strain were weighed and
killed by cervical dislocation. The shank was
measured to the nearest 0.5 cm. At the last
three ages, the right half of the pectoralis major
muscle and the entire abdominal fat pad were
excised and weighed.

Experiment 2. Male chicks from four com-
mercial meat strains were studied. The strains
were (1) homozygous normal (F-Dw/Dw) fast-
growing broilers, (2) heterozygous normal
(Dw/dw) broilers, (3) homozygous normal (S-
Dw/Dw) slow-growing roasters, and (4) ho-
mozygous recessive (dw/dw) sex-linked dwarfs.
All chicks were hatched and brooded together
from 0 to 4 weeks. From 4 to 8 weeks, the
homozygous and heterozygous broilers were
reared together in a separate pen but adjacent
to the dwarf and roaster chicks.
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Body weight and shank length (0.5 cm)
measurements were taken at 1 day of age and
at 2, 4, 6, and 8 weeks of age. At the last four
ages the gastrocnemius muscle, pectoralis ma-
jor muscle (right half), and abdominal fat pad
were excised and weighed.

Experiment 3. Male chicks from strains 1,
3, and 4 as described for Experiment 2 were
again studied. The objective of this experiment
was to characterize carcass and skeletal de-
velopment in the three strains at similar body
weights rather than at equal ages as in the first
two experiments. Tibia length (0.5 cm) and
pectoralis minor muscle weight (right half)
were added to the measurements described for
Experiment 2.

Statistical analysis. In Experiment 1, the
data from each sex were analyzed separately.
All the data from within each age group were
analyzed by analysis of variance using the
GLM procedure of the Statistical Analysis
System (17). In Experiments 2 and 3, if there
was a significant main effect due to strain for
each variable, means were separated using
Duncan’s new multiple range comparisons.

Results. Experiment 1. The sex-linked
dwarf males and females were significantly
lighter at 2 weeks of age (Table I). Both sexes
weighed only 66 and 68% as much as the nor-
mal male and female broilers respectively at
this age. These differences remained relatively
consistent at 4, 6, and 8 weeks. Shank length

TABLE 1. THE EFFECT OF SEX AND AGE ON BODY WEIGHT AND SHANK LENGTH IN NORMAL
AND DWARF STRAINS OF BROILER CHICKENS: EXPERIMENT 1

Sex
Female Male
Age Body wt Shank length Body wt Shank length
(weeks) Strain ®) (cm) (® (cm)
2 Normal 282 + 5* 8.40 + 0.05* 294 + 8* 9.00 = 0.05*
Dwarf 192+ 6 7.70 £ 0.05 195+ 7 8.20 = 0.05
4 Normal 838 + 14* 12.70 = 0.05* 941 + 27* 12.60 + 0.10*
Dwarf 551+ 9 11.20 + 0.05 640 + 16 11.70 = 0.05
6 Normal 1450 + 22* 14.90 = 0.05 1691 + 34* 15.90 = 0.05*
Dwarf 983 + 15 12.60 = 0.05 1125 £ 24 13.60 + 0.05
8 Normal 2212 + 36* 15.70 + 0.10* 2766 + 41* 17.70 £ 0.10*
Dwarf 1503 + 32 13.00 + 0.10 1858 + 32 14.30 £ 0.10

Note. Values are means + SE.
* Significantly different from dwarf, P < 0.05.
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was decreased by 10% at 2 weeks and this dif-
ference grew to 18-20% by 8 weeks of age.
The dwarf males and females had more ab-
dominal fat at all ages (Table II). There was
an increase in abdominal fat (g/100 g body
wt) with age in the male and female dwarfs
and female broilers but not in the male broil-
ers. The weight of the pectoralis major muscle
followed the same trend seen for body weight
gain. The pectoralis in the dwarf chicks was
only 56-58% as large as in the normal broilers
at 4 weeks and these same approximate dif-
ferences were evident at 8 weeks.
Experiment 2. The dwarf (dw/dw) and slow-
growing roaster males (S-Dw/Dw) weighed

g/100 g
body wt
4.54 + 0.18*
3.86 + 0.07
4.39 + 0.08*
4.08 + 0.06

Pectoralis major

247 £0.7
74.6 + 2.3*

458 + 1.1

42,3 +1.2*
139.
81

Male

g/100 g
body wt
1.97 + 0.09
2.06 £0.12
1.73 + 0.08*
201 +£0.10

5.00 = 0.08*
4.41 +0.07
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significantly less than the homozygous (F-Dw/
Dw) and heterozygous (Dw/dw) normal broil-
ers at 1 day of age (Table III). There were no
differences in shank length, however. The sig-
nificant differences in body weight between the
fast-growing and slower growing strains re-
mained through 8 weeks of age.

At 2 weeks, the (dw/dw) and (S-Dw/Dw)
chicks had similar body weights and shank
lengths. The dwarfs weighed 12-15% more
than the (S-Dw/Dw) chicks at 4, 6, and 8 weeks
of age and the homozygous (Dw/Dw) broilers
weighed 8-12% more than the heterozygous
(Dw/dw) broilers at the same ages. Shank
length in the S-Dw/Dw males was less than in
the dwarfs until 8 weeks of age. There were
no differences in shank length between the
commercial broiler crosses.

The growth of the pectoralis major muscle
(g/100 g body wt) followed the same trends
observed for body weight (Table IV). The
muscle in the dwarf males was the smallest at
2 weeks but at the latter three ages, the only
strain differences in pectoralis muscle weight
were between the two fast- and two slow-
growing lines. The S-Dw/Dw males had a
larger gastrocnemius muscle (g/100 g body wt)
at 6 and 8 weeks of age and significantly less
abdominal fat at all ages.

Experiment 3. The dwarf males had signif-
icantly smaller pectoralis muscles (major and
minor) at 200, 400, and 800 g body wt (Table
V). The dwarf and S-Dw/Dw roaster males had
similar pectoralis major weights at 1600 g body
wt but the pectoralis minor continued to be
smaller in the dwarfs up to 2400 g. The ho-
mozygous commercial broilers (F-Dw/Dw)

Abdominal fat

Sex
g/100 g
body wt

Pectoralis major

AND DWARF STRAINS OF BROILER CHICKENS: EXPERIMENT |
Female

g/100 g

body wt

Abdominal fat

TABLE II. THE EFFECT OF SEX AND AGE ON PECTORALIS MAJOR MUSCLE WEIGHT AND ABDOMINAL FAT IN NORMAL

Age
(weeks)

54.4 + 2.6*
40.3 £33

447 + 0.08*
3.85 £ 0.05
4.58 + 0.06*
4.34 + 0.06
5.29 + 0.09*
4.49 +0.07

37.5 £ 0.9
21.2+£0.6
66.5 + 1.4*

427+10
117.6 + 2.9*

67.6 £2.1

2.11 = 0.09*

2.50 £ 0.17
1.96 £ 0.12
229 +0.12
2.36 £ 0.17*
2.89 £ 0.18

17.7 £ 0.9*

140 £ 1.1
28.4 + 1.8*

226+ 1.2
525+39
434 +28

Strain
Normal
Dwarf
Normal
Dwarf
Normal
Dwarf

* Significantly different from dwarf, P < 0.05.

Note. Values are means + SE.
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TABLE III. EFFECTS OF GENOTYPE AND AGE ON BODY
WEIGHT AND SHANK LENGTH IN FOUR GENOTYPES
OF COMMERCIAL MEAT CHICKENS: EXPERIMENT 2

Age Body wt Shank length
(weeks) Strain (8) (cm)

0 dwfdw 370+ 05A 4.80 + 0.05
S-Dw/Dw 400+ 05B 4.80 + 0.05
F-Dw/Dw 440+ 08C 4.80 £ 0.10
Dw/dw 420+ 04C 4.80 + 0.05

2 dw/dw 192 + 9A 7.60 + 0.10 A
S-Dw/Dw 175 + 4A 7.30 £ 005 A
F-Dw/Dw 299 + 8B 8.50 £ 0.10 B
Dw/dw 301 +18B 8.50 £0.10 B

4 dw/dw 531 +15B 11.70 £ 0.10 A
S-Dw/Dw 461 + 13 A 11.10+0.10 B
F-Dw/Dw 904 +14D 1330 £ 0.10 C
Dw/dw 804 +15C 13.10 £ 0.10 C

6 dw/dw 1076 +29B 14.10 £ 0.10 A
S-Dw/Dw 961 *+19A 1410 £ 0.10 A
F-Dw/Dw 1699 +37D 16.50 £ 0.10 B
Dw/dw 1588 +27C 16.30 £ 0.10 B

8 dwfdw 1693 +73B 14.90 £ 0.10 A
S-Dw/Dw 1511 +31A 15.60 + 0.10 B
F-Dw/Dw 2610 +38D 18.60 £ 0.10 C
Dw/dw 2415 +63C 18.20 £ 0.10 C

Note. Values are means + SE. Values followed by different letters
are significantly different, P < 0.05.

had the largest pectoralis major at the three
heaviest weights but there were no strain dif-
ferences in the size of the pectoralis minor up
to 2400 g body wt. There were no strain dif-
ferences in gastrocnemius weight at 200 g but
the S-Dw/Dw roaster males had a significantly
larger gastrocnemius at all subsequent weights.
Broiler and dwarf gastrocnemius weights were
not significantly different at the heavier body
weights. The dwarfs had the greatest quantity
of abdominal fat at all body weights and the
S-Dw/Dw males had the least.

Tibia length was actually longer in the dwarf
males at 200 g but there were no strain differ-
ences at 400 g (Table VI). The S-Dw/Dw males
had the longest tibia at all subsequent body
weights. Shank lengths were variable at 200
and 400 g but the effect of the dwarfing gene
became more apparent at the heavier body
weights. There were no differences between the
two genetically normal strains (S-Dw/Dw, F-
Dw/Dw) at the heavier weights.

Discussion. The sex-linked dwarf meat
strain chickens studied in the first two exper-
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iments weighed significantly less than the
commercial broilers at a very young age. The
differences at 1 day of age in Experiment 2 are
most likely a function of egg size (age of dam)
rather than strain characteristics. The differ-
ences in body weight at 2 weeks were close to
the 33% reduction reported by Merat (18) and
appear to be unique to the normal and dwarf
broiler lines studied in these experiments. In
experiments with dwarf leghorns (11) and
other slow-growing meat-type dwarfs (13), the
body weight differentiation did not become
evident until at least 4 weeks of age. Our data
are important because they demonstrate for
the first time that certain phenotypic expres-
sions resulting from the dw gene (i.e., reduced
body weight) may be maximally expressed at
a young age, depending again upon dw X ge-
notype interactions.

The genetically normal but slow-growing
roasters (S-Dw/Dw) weighed 10-12% less than
the dwarfs at all ages in Experiment 2. Shank
length, however, was similar in both strains
until the effect of the dw gene became evident
at 8 weeks. This shows that while the dw gene
may significantly influence skeletal develop-
ment, there can still be considerable progress
made in selection for commercially important
traits such as body weight gain.

The presence of the dwarfing gene in the
heterozygous normal (Dw/dw) broiler did slow
down growth slightly in these birds (7-8%)
compared with the homozygous (Dw/Dw)
broilers. There were no differences in shank
length, however. The fact that body weight was
depressed in the Dw/dw broilers is commonly
seen in the commercial broiler industry and
has been reported previously (10, 19-21). Our
results are different, however, from those of
Stewart and Washburn (15). The contradic-
tions between the two sets of data are probably
a reflection of the background genotype into
which the dw gene was originally introduced
and the selection pressures exerted on these
lines. The growth rate data from these exper-
iments provide important insight into the
expression of the dw gene when introduced
into commercial broiler stock. The time course
of expression and the effect on growth in het-
erozygous normal chicks accentuate the im-
portance of the genetic base in conducting any
studies with normal and sex-linked dwarf
chicks.



AGE, GENOTYPE, AND POULTRY GROWTH

332

'S0°0 > 4 WAIAYIP APuedyrudis oIe $19319] WUAIIPIP AQ PIMO[JO] SIN[BA “HS F SUBIWI JIE SIN[BA ION

q 600+ Cv0 4¢€0+ 701 VEIOF 1971 VSEFo6st qg100+ vy D6TF 6101 mpima
d100F 1+'0 g4¢€0+ L0l VIro+691 VSyFevy g4L00F 6TV agsec+eci nqima-4
VvV 200 ¥ 6¥°0 VV¥o+ ¥L g21'0F L60 QITFICT V900 F €S°¢ Vvl Fees “aq/ma-s
av €00 ¥ Sv0 VvyoF v'L V 800+ ¥S1 dL1F79C VII'OFSLE dT¢F €9 mp/mp 8
V00 F LYO €0+ S°L VOI'0+ €91 D61 F7T9C q.00+8IY aST1F+99 mplmaq
V 100+ S0 g4€0+ 9L V800 FSP'I QLT F6'VT g4 800+ LTV VYT+8TL M“q/ma-A
q4200FSS0 VIoF T¢ g 800 + 80°I V80F<ol1 V600FILE DU'TFLSE Ma/ma-s
vV 700 + SP0 VI0o+ 8% VII'0+ 691 q4¢1+78I VEI'0+89¢ D61 +00v mp/mp 9
VI00F LED 600 F 96T DLO0FSST d480F97CI q500F €£8°¢ q4.0F80¢ Mpjmq
V 100+ 8¢°0 D900+ I¥'E D4 900 F 9¢°1 dL0F vl V900 +FS0Y VLI0F99€ Ma/ma-4
vV 200+ I¥0 V 600+ 981 V 800+ S0°1 VSOFo6t J0v0+ ¢t aso+gst Maq/ma-s
V100 + 8¢°0 V LO0F+ €0C 4V L00 + TT'1 VVYo++9 DLO0FeL'E D80+6L1 mp/mp 14
VI00+¢€0 g4 €00+ L60 - — D01'0+8T¢ a4¢£€0+9%6 mplma
VI100+¢S£0 qdv00+ 0’1 - - D LOOFSSE V0oFLO0] Maq/ma-4
VOT0o+¥E0 vV 200 + 650 - — q .00+ 88T 2v0F1°¢ mq/mg-s
V 200+ S¢€°0 V $0°0 + 99°0 - - VEROF THC Q¥O0+ LY mpimp 4
(1 £poq 8 001/3) 3 (w3 £poq 001/3) ® (mm Apoq 3 001/8) 3 ureng (s¥oam)
1ySom aAneRy W3oM 14319m 2AneRY 1gSoM By

SnIududoIISe )

195 [eUIWIOPQY

Jofew SI[B101094

¢ INFWIHEAdIXY NOLLISOdd( LV TYNINOAEV ANV SHTOSNN A41O9Td§ 40 HLMOYD JHL NO 3OV ANV ddALONID) 40 103449 "Al 3 1dV.L



AGE, GENOTYPE, AND POULTRY GROWTH

TABLE V. EFFECT OF GENOTYPE ON THE WEIGHT OF SELECTED MUSCLES

AT A CONSTANT BoDY WEIGHT: EXPERIMENT 3
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Body wt Pectoralis Pectoralis Gastrocnemius
Strain (g) major (g) minor (g) (8)

dwldw 183+ 5B 30+£02B 0.67 £0.03C 0.69 + 0.04 A
S-Dw/Dw 190 £ 3 AB 47 +0.1 A 1.06 £ 0.06 A 0.74 £ 0.03 A
F-Dw/Dw 194+ 2A 44+ 02A 0.89 £ 0.04 B 0.64 = 0.02 A
dw/dw 3719 £ 4A 102 +02C 21 £0.1C 1.40 £ 0.04 B
S-Dw/Dw 386 £ 4 A 123+02A 31 £01A 1.53 £ 0.04 A
F-Dw/Dw 381+ 4A 11.3+02B 26 £0.1B 1.28 £0.03C
dw/dw 788 £ 4 A 239+04C 56 £02C 2.65 +0.08 C
S-Dw/Dw 795+ 4A 258+ 0.5B 6.7 £02B 3.30 £ 0.06 A
F-Dw/Dw 795+ 4A 296 + 0.5 A 76 +02A 3.05+007B
dw/dw 1552 £ 22 A 452+ 19B 11,5 £09C 56 +02B
S-Dw/Dw 1526 £ 9 A 46.6 + 0.8 B 140 £04B 70 £02A
F-Dw/Dw 1545 % 11 A 640+ 1.5A 175 x05A 60 =02B
dw/dw 2352 + 36 AB 84.8 + 2.0 AB 241 1.1 A 103 +04B
S-Dw/Dw 2324 £+ 32 B 826+ 18B 251 09 A 11.3 £03A
F-Dw/Dw 2425 £ 30 A 90.2 £ 22 A 26.1 06 A 94 03B

Note. Values are means + SE. Values followed by different letters are signifcantly different, P < 0.05.

The increased deposition of abdominal and
carcass fat associated with the dw gene has
been previously reported, and the data from
the first experiment confirm these findings. In
Experiment 2, however, the data are somewhat
equivocal. The (dw/dw) males have a lesser

amount of abdominal fat at 4 and 8 weeks
compared with that of the homozygous broil-
ers but a greater amount at 6 weeks of age.
The dwarf males weighed approximately the
same at 6 weeks of age in Experiments 1 and
2 and the same was true of the homozygous

TABLE VI. EFFECT OF GENOTYPE ON SKELETAL GROWTH AND ABDOMINAL FAT DEPOSITION
AT A CONSTANT BODY WEIGHT: EXPERIMENT 3

) Body wt Abdominal fat Tibia Shank
Strain (8) (®) (cm) (cm)
dw/dw 183+ 5B — 570 £0.10 A 7.50 £ 0.10 AB
S-Dw/Dw 190 + 3 AB —_ 550 +£0.058B 7.40 £0.10 B
F-Dw/Dw 1949+ 2A — 550 £0.10B 7.60 = 0.10 A
dw/dw 379+ 4A 37+02A 7.10 £0.05 A 9.40 +0.10 A
S-Dw/Dw 386+ 4A 20+02C 7.20 £0.10 A 9.60 £ 0.10 A
F-Dw/Dw 381+ 4A 29+02B 7.20 £0.10 A 9.50 +0.10 A
dw/dw 788 + 4 A 129+ 0.8 A 9.20+0.10 B 1190+ 0.10B
S-Dw/Dw 795+ 4A 55+04C 9.40 £0.05 A 1230 £ 0.10 A
F-Dw/Dw 795+ 4A 92+0.5B 9.00+0.10C 12.10 = 0.10 AB
dw/dw 1552+ 22 A 342+49A 1190 +£0.10 B 1450 £ 1.67B
S-Dw/Dw 1526+ 9A 162+ 1.6 B 12.70 £ 0.10 A 15.50 + 1.62 A
F-Dw/Dw 1545+ 11 A 194+138B 11.70 £ 0.10 B 1530 £ 0.10 A
dw/dw 2352 + 36 AB 706 + 43 A 1320 £ 0.10 C 16.50 £ 0.10 B
S-Dw/Dw 2324 + 32 B 420x21C 14.60 £ 0.10 A 18.10+£0.10 A
F-Dw/Dw 2425 £ 30 A 51.3+£27B 1390 £ 0.10 B 18.00 £ 0.10 A

Note. Values are means + SE. Values followed by different letters are significantly different, P < 0.05.
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normal broilers. In Experiment 2, however,
body weight gain from 6 to 8 weeks was not
so great, and perhaps this had a greater effect
on abdominal fat accretion in the dwarf line.
The heterozygous (Dw/dw) normal chicks
have more abdominal fat than the homozy-
gous (Dw/Dw) normal broilers, and this sup-
ports the observations of Stewart and Wash-
burn (15). In Experiment 2, the slow-growing
roaster chicks had the least quantity of ab-
dominal fat, and this is not surprising because
of the relationship between growth rate and
fat accretion in genetically normal meat-type
chickens (22, 23).

Muscle development within each strain may
be the result of several factors. The pectoralis
major is a muscle of considerable economic
importance to the poultry industry, and selec-
tion for improved breast conformation has
been a major goal of commercial breeders.
Development of the pectoralis major is cor-
related with growth rate in chickens (24) and
other avian species as well (25). The intense
selection for growth rate and breast yield in
commercial broilers probably accounts for the
differences in pectoralis major size even when
the strains were sampled at the same body
weight. All muscles do not respond in a similar
manner to differences in growth rate, however,
and the gastrocnemius is an example of this.
The differential responses of the pectoralis and
gastrocnemius muscles raise the question as
to what effect manipulations of total carcass
protein might have on constituent muscle
groups of economic importance.

Growth and development characteristics
that were independent of body weight gain
were studied in the final experiment. In terms
of physiologic age (body weight), tibia length
in the dwarf males was not affected as early
nor to the same extent as shank length. Tibia
length in the slow-growing (S-Dw/Dw) chicks
was significantly greater than in the other
strains at the heavier weights and perhaps this
contributes to the lower incidence of leg ab-
normalities observed in these birds under
commercial growing conditions.

The carcass component data shows that
each strain has developmental traits which are
independent of rate of growth. The dwarfs
have significantly more abdominal fat at all
weights and this supports the earlier experi-
ments. The S-Dw/Dw males have less abdom-
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inal fat than the broilers at similar ages and
body weights and therefore growth rate differ-
ences alone are not accounting for strain dif-
ferences in fat accretion. Appetite has been
implicated as a major contributor to improved
rates of gain and excess body fat accumulation
(26). If this is true, then even at the same body
weight the commercial broilers have probably
consumed excess energy beyond the needs for
maintenance and protein deposition and
therefore are still fatter.

Selection for growth rate (body weight gain/
time) in commercial broiler strains appears to
be somewhat independent of pectoralis muscle
development, at least when comparisons are
made at similar weights. The S-Dw/Dw roaster
chicks had larger pectoralis muscles at lighter
body weights but the broiler chicks (F-Dw/Dw)
had the largest breast muscles at the heavier
weights. Fowler ef al. (25) reported that quail
selected for increased weight gain had larger
pectoralis muscles and a concomitant increase
in total muscle protein, DNA, and RNA when
compared with those of a control population.
If this could be extrapolated to slow- and fast-
growing, genetically normal (Dw/Dw) meat
strains of chickens, perhaps at the physiolog-
ically older (heavier) body weights, the broilers
have increased muscle protein synthesis re-
sulting from a combination of faster growth
and selection for improved conformation.

The gastrocnemius muscle is significantly
heavier in the S-Dw/Dw chicks. In a devel-
oping animal, bone growth and muscle growth
are synergistic events and the fractionally
longer bones in the S-Dw/Dw line may
be contributing to the larger gastrocnemius
muscle.

In summary, sex-linked dwarf, slow-grow-
ing and fast-growing meat strains of chickens
have distinct developmental traits which can
only be partially accounted for by differences
in growth rate. The phenotypic expression of
dw-associated traits is quite different in com-
mercial meat strain dwarfs compared with
other dwarf stocks. This should be taken into
consideration when interpreting any results
that may be influenced by the sex-linked
dwarfing gene, dw.

The authors express their appreciation to Ms. Karen
Noyes for her expert assistance in preparation of the
manuscript.
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