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Chapter 1
INTRODUCTION

Sexual dimorphism has been noted to exist in many
genera of birds, but it is not until recently that papers

_have appeared which deal with the actual extent of sexual

POR RN § AR 0 (0 O

dimorphism and its possibie adaptiVe significance. The
papers of Rand (1952), Sibley (1957), Amadon (1959),

and Selander (1966) hypothesize about the possible sig-
'nificahce of sexual dimofphism in birds, and the papers
_of Kilham (1965), Selander (1965), Storer (1966), Ligon
(1968), Ingolfsson (1969), and Verner aﬁd Willson (1969)

examine the relationShip between hypotheses on the sig-

nificance of sexual dimorphism and actual field conditions.

None of these papers deals with differences in bone or
muscle ?atios which @ay exist between the sexes. A
paper by Engels (1938a)lon vabiation in boné length and
limb proportion in the coot does examine differences in
bone length and limb prdportions due to sex, but only in
& Very cursory manner.

It appears that only the most obvious and well-
known sexually dimérphic birds, i.e. woodpeckers, birds-
of-paradise, accipitrines, have been studiéd. .In this
paper my purpose is to ascertain osteological and myo-

logical differences between the sexes of a bird which

1



2 -
does not have a great deal of apparent sexual dimorphism--
Sturnella neglecta neglecta Audubon, A.0.U. 501.1 (American
Ornithologists*' Union, 1957). :




Chapter 2
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MATERIALS AND METHODS

o

Twenty preserved field collected specimens (10

male and 10 female) of Sturnella n. neglecta were used | —

in this study. The speciméns were preserved by injecting

them with and immersing them in an embalming fluid of the
following composition (courtesy of William George, | —

Southefn Illinois University):

Formalin ' 750 ce

Ethanol (95%) 500 cc

'Glycerih ' 100 oo

Phenol 100 ce

Ohloral hydrate - 300 gm dissolved in warm water .

- before use
Sodium sulphate 500 gm
Water | 10 1 | e

Pfolonged immersion in the embalming flﬁid re-
sulted in some decalcification and muscular shrinkage, ‘ ] :_%———*
but not enouéh to interfere with the dissections. In
the dissections a binocular diSseoting scope with an
adjustable 7 to 30x objecfive lens was used. During the
dissections drawings of the normal arrangement of the o
muscles and oones wefe made twice 1ifemsize.' After
the individual muscles were removed they were stored in
.a solution of 70% methyl alcohol until they Were weighed.

' 3



Storage of the dissected muscles in 70% methyl alcohql
results in dissolution of muscle fats;‘but the muscle
wéighfs are of importance 6nly when related to one another.
Since the average weight of.a particular‘muécle was used
as an index 6f the force of that muscle and ndt as an
absolute measurement of the force, I felt that the absence

of the weight of the muscle fats would not affect the

R DA (E RO ] 1 ) N N
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.interpretation of the data. All identical muscles from

the various individuals of the same sex were combined in

one vial and the average welght of the muscle was determined.

In the determination of the muscle weight an
attempt was made to use only muscle tissue; all large
nervesg‘major bldod véssels,,and tendons were removed.:

The musdles.wgre placed in ah aluminum foil pan, dried
for 70 hours at 70 C and cooled for 25 minutes befére
weighing. Weights were determined_on a torsion balance
accurate to one-thousandth of a gram. |

| éixty disarticulated museum skeletons (%0 male and

30 female) of Sturnella n. neglecta were used to determine

the skeletal relationships between the sexes, Measure—
ments were made with a dial ealiper accurate to one-
tenth of a millimeter. |
Osteological nomenclature is that of Howard (1929),
and myological nomenclature is that of George_and Berger
(1966). |
| The lengthbof the following bony elements were



recorded: humerus; radius; ulna; carpometacarpus; phalanges
I and II of digit II (wiﬁg)$ femuf; tibiotarsus; tarso-
4metatarsus; digit III (leg)y and the hallux. Measure-
ments were taken betWeeh.proximal and distal articulating
surfaces SO that their sums wbuld approximate total limb
lengths (see figures 1 and 2). In the determination of

the lengths of digit III and the hallux the length of the

AU NN 1 8 R 1 ¢ ) 3 A

ungual phalanx from the articulation to the tip of the
horny covering was included, ih spite of the variability
'of the length of the horﬁy claw. 'Aisynsacral measurement,
. i.e. the length from the anterior articuléting surface
- .of the centrum of the first fused synsacral verfebra to
- the most anterior surface of the écetabulum, was also
taken. |

The lengths of the hand, wing, and leg were
_determined in the foilowing manner: |

1. Hand length: the sum of the lengths of the
carpometaéarpus, and phalanx I and II of digit II (wing).

2. Wingylength: the sum of the lengths of the
humérus, ulna, and hand. |

3. Leg lengthé the Sum'of the femur, tibiotarsus,
tarsometatarsus, and digit III of the leg.

The data on bone length and muscle weight were
analysed by the Student t-test to find if any dlfferences
in length or weight existed between the sexes. These

data on bone length and muscle weight were also used to
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create rafios to indicéte relative dimensions of the bones
and muscles within each sex. The ratios of the bohes were
determined for each individﬁal in the series, and an
average value was obtained. The ratios of the muscles
were détermihed on the basis of average measurements.

The data on the ratios of bone léngth and muscle weight

were analysed by the Mann-Whitney U test (Tate and

Clelland, 1957). | |

In both the Student t—tést and fhe Mann-~-Whitney U
test the 5 per cent leyvel of significance was regarded as
constituting a significant difference, and the i per cent
level ofvsignificance was regarded as constitﬁting a
n ﬁighly significant difference,

‘ For the purposes of this paper, a muscle is
defined as "a group of muscle fibers acting as a single
functional unit,‘possessing the same force arm and similar
angles of attachment to the force arm" (Goodman and
Fisher, 1962). This'definition is necessary to separate
accurately two or more muscles which may be fused into a
‘single sheet at their'adjacent bordefs.

A strictly functional interpretation of the origin
and inseftion of muscles is used. An origin is that
attachment of.a muscle which is relatively fixed; an

insertion is1that end which is movable.
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NATURAL HISTORY
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To understand any differences or similarities

between the sexes of the Western Meadowlark a summaxry of

1)

the natural history is necessary.

size bird (254-279.4 mm in length) with the following

DESCRIPTION

The adult male Western Meadowlark is a medium

characteristic plumage: the upperparts of the bird are

~a brownish blaék}color modified by gray feather edgings

which‘cause the black to be thrown into stripes and bars§

the médian crown-stripe and the posterior poftion of the

superciliary are a dull white, while the anterior portibn

of the superciliary, the lower cheeks, chin, upper throét, —
breast, middle bélly, and the edgés of the wings are a

rich yellow; there is a large black crescent on the upper S

“breast, and the sides and flank are black-streaked and

spotted with pale brown on a whitish background; the
lateral retrices are white and very conspicuous in flight 7

or on the ground. The bill is variegated%-tawhy, black, - ;¥¥¥w¥

~and white (Dawson, 1923).

The adult female Western Meadowlark is similar to

the male but smaller is size and paler in color, with

7



some substitutions of brown for black in.streéking. The
plumage of both sexes is dullér and more blended in fall
and winter; the/normal colors being subdued by a heavy
buffy overlay. The immature birds resemble the pérents,
but are grayer with the yellow more conflned, and they

lack the jugular crescent (Dawson, 1923),

S0 10 0 1 R WSS

GENERAL RANGE

 The Western Meadowlark is widely distributed
throughout western Nbrth America, ffom southern Canada
. to northern Mexico, and from the eastern borders of the
prairies and plains to the Pacific. In winter the bird
migrates from the northeastern quérter of its range, but
elsewhere it migrates irregulérly (Bent, 1958).

" In California the Western Meadowlark is a year
_round residént and is generally distributed throughout
the state, except for the arid portions of the desert,
broken moﬁntain sectibns, and denseAforests. It breeds
from the Lower Sonoran life zone. (Colorado Desert, at
Iﬁdio) to the Lower Boreal life zone (Cottonwood Lakes ih
Inyo Co., altitude 11,000 ft). The species retires irreg=
ularly in winter to the lower levels (Dawson, 1923).

| Lanyon (1957) has found that in Wisconsin the

Western Meadowlark has well defined 11m1ts of moisture
tolerance that delineate its range. The birds seem to

prefer open, treeless areas of meadow, pasture, or
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uncultivated grassland. They usually remain in the same

general locality throughout the year.
BEHAVIOR ’ \

Compared to other icterids like the Brewer's
Blackbird, the Western Meadowlark is a poor flyer. It

has a peculiar hovering, trembling method of flight which

it uses to propel itself for short distances. They fly
very little as most of their‘time is spént walking along
~ the ground in search of food. Grinnell‘and:Stofer (1924)
found that in spring and early summer Western'Meadowlarks
-are seen chiefly in pairs, but throughout fall and winter
they forége in flocks numbering from 10 to 75 individuals.

‘The flock organization is very loose.
TERRITORY

Territorial behavior'is well established in the
Western Meadowlark (Kendeigh, 1941; Lanyon,. 1957).
Territories are established and maintained gsolely by
the males and defended for a period of up to four weeks
before the females are ready to mate. OSongs are given
from fence posts, tall weeds, or small trees as an ad-
vertisement to other males that the area is occupied.

Maintenance of territories continues until fledging of

| the-fihaiﬂbrOOdTﬁthoughwthe intensity -of-maintenance

varys with the stage of the breeding cycle. Meadowlarks
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become gregarious following the late-summer molt aﬁd remain
in flocks until the establishmenﬁ of breeding territories-
the following sprihg. |

Tanyon (1957) found that both sexes exhibited
a strong "homing behavior" directed toward thevtefritory
of the previous séason rather than toward a particular

mate, with territories varying in size from 3 to 15 acres,

but averaging 7 to 8 acres..
NESTING AND YOUNG

The nesting season of the Western Meadowlark
‘lasts from March to August. In«Califofnia Meadowlarks
normally nest twice each year, usually firéf—in April
and May, and again in July and August (Bryant, 1914).
| | The nest is a well-conceaiéd éne, built of.dry
'grasses in a depression in the ground usually in alfalfa,
grass, or grain fields. The nest usually has a canopy
of dry grass stems érching pvéf the top. Both sexes
assist in the construction of the nest (Bendire, 1895)n
Bryant (1914) found that in California at least 80% of
fhe.obServed nests were on pasture land. When the birds

approach the nest they will often alight on the ground

many yards away from the nest and walk through the grass

to the nest. They may have well defined pathslof travel . .
radiating from the nest (Pearson, 1920).

The eggs are white, speckled SParingly or very
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sparingly with chocolate, and are variable in shape from

elliptical ovate to almost round (Dawson, 1923). 1In a study

.of forty-one Sturnella n. neglecta nests Lanyon (1957)

fbund that the clutch size varied from 3 to 6 eggs, with
a mean of 4.83 + 0.13 eggs.
The time of incubation is from 12 to 14 days with

only the female incubating the eggs (Bryant, 1914).

{III"! 1 10 RO M
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Fledged broods vary in size from 1 to 5, with a mean of
3.28 + 0.23 (Lanyon, 1957) The young stay in the nest
only a short time (8 to 10 days) and leave the nest
before they are able to fly, dependlng for safety on
hiding themselves in the grass (Bent, 1958)

Polygamy is ‘a common occurrence among both
Eastern and Western Meadowlarks. Ianyon (1957) foundvthat

53% of the Sturnella n. neglecta males under his.observation

had more than one mate.
FEEDING

The Western Meadadowlark feeds almost exclusively
on the ground. Itvseldom perches in a tree of any kind.
The early morning hours are spent in obtaining food,
whereas theAmiddle of the day is usually spent quietly
hiding in fhe grass. | |

Beal (1910) examined 91 stomachs 6f the Western
Meadowlark, collected throughout the year, and found that
thé food consisted of 70% animal matter to 30% vegetable
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matter. Broadly speaking, the animal matter was insects

and the vegetable matter was seeds. In an examination

of 200 Western Meadowlark stomachs, Bryant (1914) found =

~ that 63.3% of the food in a year'was'animal matter, and
36.7% was vegetable matter. |
The food is procured not only from the top of-the

ground; but also by probing beneath the soil and by sear-

(o]

{I i
i
i
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}ching under clods, manure; etc. The Western Meadowlark
‘is particularly fond of sprouting kernels of grain on
which it feeds by boring down beside the sprout with its
long, awl-iike bill; gripping the kernél and pulling it
up.  The kernel is occasionally eaten, but more often it
is simply crushed in the bill to obtain the milk and then
dropped. Alfalfa and grain fields appear to be the
favorite feeding grounds of thesé birds in cultivated
districts (Bryant, 1914).

| Beecher (1951) terms the'feeding behavior of the

Western Meadowlark as a gaping adaptation. -These birds

drive the closed bill into the ground and open it powerfully

against the resistance of the earth. Foraging in short

grass consists of a repeated, spasmodic opening of the

mandibles foruthe purpose of clearing the area at the base

‘of the roots of the grass for an unobstructed view.



Chapter 4
0STEOLOGY
In this section of the study an analysis of the

synsacrum and the bones of the appendages of the male and

female Western Meadowlark was made. The only previous

work on the osteology of the meadgwlark»was a descriptive
study‘by Shufeldt (1888) on the skeléton of the genus'
Sturnella and its relationship to the skeleténs of otherv
~icterids. ©Shufeldt included no measﬁrements of the
elements of the Sturnella skeleton in his paper. Although
the main purpcse of my study was an analysis of the pelvic
appendage, non-pelvic elements_Were.included in order to
interpret differences in. the skeleton and musculature of
the pelvié appendage. |
| To interpret any osteologiecal differénces adequately
each selected skeletal element was meaéured and then
various ratios of these measurements to one another were
calculated. -The use of ratios of limb segments as an
osteological interpretive device has been popular in
Ameriéan ornithological literature since the appearance of
_ BBker's study on the correlation of wing-segment pro-
pbrtions and type of flight (Bdker, 1927). Larson (1930),
Burt (1930), Miller (1937),}Engels (1938a, 1938b, 1940),
Richardson (1942), Fisher (1946), Berger (1952), Goodman

| 13
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and Fisher (1962),'and Owre (1967) have all used limb

segment ratios to more adequately understand any differences

- between the birds that they studied.

In this paper three types of ratios are used

(after Engels, 1940): intramembral, intermembral, and

limb/synsacrum ratios.

To illustrate differences between the sexes within

each limb the lengths of the ulna and hand were each
expressed in terms of percehtage of the length of the
humerus; and, the lengths of the tibiotarsus, tarso-

metatarsus, middle toe, and hallux were each expressed

- in terms of percentage of the length of the femur (see

- Table 3).

To‘illustrate differences between the sexés using
a skeletal element other than a segment of the appéndages
as a standard, ten 1limb segment/synsacrum fatios were
compufed (see Téble S). The lengths of the humerus,
ulna, hand, femur, fibiotarsus,‘tarSométatarsus, middle
toe, hallux, the total wing length, and the total leg
length were expressed in terms of percentage of the
synsacrum. |

Six intermembral ratios (see Table 4) were

calculated, as follows: total wing/total_leg; humerus/

- femur; ulna/tibiotarsus; carpometacarpus/tarsometatarsus;. -

hand/middle toe; and hand/hallux. These ratios give

precise indices of specific differences in the length



of one limb in relation to the other.

The use of the synsacrum iength (i.e., the length
from the anterior articulating surface of the centrum of
the first fused‘synsacral vertebra to the most anterior -
surface of the acetabulum) as a standard for comparison
with other skeleta; elements is unique to(this paper.

Previous non-appendage standards have been the "trunk

RN fidats
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1engfh," and "thoracic length" of Engels (1940); the
"rumpflinge" of Bdker (1927); and the "1éngth of cranium,"
 "otal length of synsacrum," and "iéngth of dorsal region"
. of Berger (1952). Each of these standérds either lacks
-reliability or is too difficult to measure. As a con-
sequence I havé developed the synéaerum length, which
shows little variability (see Table 2) and is easy to
measuré. | . | |
Since it has not previously been established that

a difference exists in the length of the bones of the
appendageé of the male and#female Western Meadowlark,
_Tables 1 and 2 have been preparedktd illustrate the boné
lengths in the two sexes. As is éhownvby the t-values for
each bone pair (except the middle toe and the hallux)

a highly significant difference exists between the lengfhs
of the bones of the appendages of the male and female
Western Meadbwlark. -When the lengthé are examined'if is
' épparent that in each case (except for the middle toé and

the hallux) the bones of the male are longer than the
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bones of the female.

Tables 3, 4, and 5 iilustfate the mean, median,
range, and Mann-Whitney U z=<values obtained for each of the
ratios. Figures 3, 4, 5, 6, and 7 graphically iliustrate
the differences between the fatios obtained for each sex.
In Table 3 (intramembrél ratios) it is apparent from the

' Mann—Whltney U z-values that no 31gn1flcant difference

exists between the sexes as concerns the ratios of the
ulna, and hand to the humerus; and,{the tibiotarsus to
‘the femur. A hiéhly significant difference does exist
between the sexes as concerns the ratiés of the length -
of fhe tarsometatarsus, middle tqe, and hallux to the
length of the femur. In each of'fhese}cases the median
ratio value of the female,is larger than the male. 1In
. Table 4 (intermembral ratios) the z-values indicate a
highly significant difference between the sexes for the
: fbllowing ratios: wing/leg; humerus/femur; carpometa-
carpus/tarsometatarsus; hand/ﬁiddle”toe; and hand/hallux.
In each of these cases the median ratio wvalues Qf the male
are larger than the female. There is no significant
difference between the sexes for the ulna/tibiotarsus ratio.
In Table 5 (limb/synsacrum ratios) the z-values indicate
a significant to highly significant difference between
~the sexes fof the rafios ofAthe lengfh of the'tarsbmeta;
tarsus, middle toe, hallﬁx, and leg to the length of the

synsacrum. No significant difference exists between the
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sexes. for the ratios of the length of the humerus, ulna,

hand, femur, tibiotarsus, and wing to the length of the

synsacrunm.




Table 1
Length, in_Millimeters; of Wing Bones )
_ t-value
. _ for Male, Female
Bone Sex . N X Range SD. SE v df Comparison
humérus' male. 29 32.1 30.5-34,4 0.93 0.17 2.90 56 11.56%%
female 29 30.0 28.2-33.7 1l.44 0.27 4.79
ulna . male 30 37.6 35.3-39.7 0.99 0.18 2.63 57 11.95%%*
female 29 35.3 32.5-39.9 1.73 0.32 4.89
carpomet. male 29 18.8 17.2-19.9 0.5 0.10 2.89 56 11.20%%
female 29 17.6 15.4-19.6 0.%92 0.17 5.23 .
digit II male 30 14.3 13.5-15.8 0.50 0.09 3.44 58 7 .74%%
6 11.7-14.8 0.76 0.14 5.56 :

female 30 13.

*- gignificant difference
#%%- highly significant difference
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Length, in Millimeters,'of‘Leg Bones and Synss

Table 2

Lcrum

.74 0.

t-value _
: for Male, Female
Bone Sex N X ‘Range SD SE v df Comparison
femur male 30 30.4 29.0-32.7 0.91 0.17 2.99 58 8.45%*%
female 30 29.0 26.8-31.9 1.20 0.22 4.14
tibiotar. male 30 52.3 49.4-54.9 1.45 0.26 2.77 54 7.58%%
female 26 50.1 46.2-54.6 - 2.08 0.41 4.15
~ tarsomet. male 29 37.6 35.8-39.7 1.12 0.21 2.99 57, 5.07%%
female 30 36.6 33.1-39.5 1.73 0C.31 4.72
mid-toe  male 30 31.8 28.4-35.8 .2.07 0.38 6.49 58 1.25
female 30 32.4 26.7-38.1 2.36 0.43 7.29
hallux male 29 26.2 '22.1-30.1 2.16 0.39 8.01 55 1.65
female 28 26.9 23.0-32.8 2.40 0.45 8.95
synsacrum male 30 12.9 11.2-14.3 0.83 0.15 6.43 58 5.25%
' female 30 12.1 10.3-13.7 O 13 . 6.10

%*- gignificant difference
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Intramembral Ratios

Table 3

z=value
; for Male, Female
Ratio : Sex N X Median Range Comparison
ulna/humerus male 29 116.8 117 ' 114-120 10.77
female 28 117.0 117 114-120
hand /humerus male 28 102.9 103 100-109 . 11.06
female 28 103.4 104  96-108
tibiotarsus/femur male 30 171.3 171 164-176 -0.06
| female 26 171.4 171 166-176
tarsomet./femur = male 29 123.2 123 119-129 42.89%%
female 30 125.6 125 118-132
mid-toe/femur male 30 104.2 102 94-118 13, 63%%
. female 30 111.2 111  96-130
hallux/femur male = 29 85.4 84  74-102 13.17%%
‘ - female 28 92.2 92 82-111

*- significant difference

*%- highly significant difference

02




Table &

Intermembral Ratios

z]value
_ for Male, Female
Ratio Sex N X  Median Range Comparison
wing/leg male 28 67.1 67  64- 69 =3.56%%
’ : female 23 64.8 €5 58~ 70 :
‘humerus /femur male 29 104.9 105 100-109 2. 58%%
female 29 103.0 ‘103 95-108
ulna/tibiotarsus male 30 71.5 71 68~ 75 =1.44
' ’ female 25 70.5 71 65~ 75
carpo./tarsomet. male 29 49.5 49 47- 51 ~3,.76%%
| female 29 47.6 48  42-'53 |-
hand/mid-toe male 29 103.8 104 90-116 -3.48%%
' female 29 96.4 87 77-111
hand/hallux male 28 126.7 128 104-142 +3.40%%
female 27 115.7 114 89-137

%~ significant difference

%%~ highly significant difference
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Tablie 5

Limb/Synsacrum Ratios

z-value
. for Male, Female
Ratio - Sex N X  Median Range Comparison
humerus/synsacrum male 29 248.2 248 218- 275 -0.22
: female 29 = 249.0 247 223- 283 '
ulné/synsacrum -male 30 291.4 290 254~ 325 -0.24
female 29 292.3 290 259~ 326
'hand/synsacrum male 29  257.0° 256 227- 289 -0.37
female 29 = 257.8 258 220- 288 '
femur/synsacrum male 30  235.9 237 204~ 266 -1.26
o female 30 239.6 241 207- 267 :
tibiotar./synsacrum male 30 405.5 402 364~ 453 -1.07
’ female 26 411.8 412 368- 451
tatsomet./synsacrum male 29 291.8 291 254~ 328 -2.12%
female 30 302.3 306 262~ 340
mid-toe/synsacrum  male 30  247.0 242 200- 297 -3, 149%
' female 30 267.7 267 231- 334
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Table 5‘(continued)

z-value
for Male, Female
Ratio Sex - N X = Median Range Comparison
hallux/synsacrum male 29 202.4 198 172~ 246 -3.01%%
female 28 . 222.5 221 - 181- 287
wing/synsacrum male 28 797.4 798 700- 890 -0.50°
female 27 803.2 806 . 713- 898 -
1181 1023-1346 -2.17%

~ leg/synsacrum male 29 1181.
- female 26 1225,

£~
fmed
N2
(O8]
fomd

1091-1383

%~ gignificant difference
#*%- highly significant difference
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Figure 1

'~ Lengths (1) of the Long Bones and the Synsacrum
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Figure 2
Lengths (1) of the Digits
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Figure 3
Intramembral Ratios: Wing
A- ulna/humerus

B- hand/humerus
mnedian~ horizontal line

- range- vertical line

95% confidence interval- box
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Figure 4

Intramembral Ratios: Leg'.

A= tibiotarsﬁé/femur

B~ tarsometatarsus/femur

C- middle toe/femur

D- hallux/femur
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» Figure 5
_Intermembral Ratios

wing/leg

humerus/femur

ulna/tibiotarsus
carpometacarpus/tarsometatarsus
hand/middle toe

hand/hallux
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Figure 6
Limb/Synsacrum Ratios: Wing
A~ humerus/synsacrum

B- ulna/synsacrum
¢- hand/synsacrum
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Figure 7

Limb/Synsacrum -Ratios: Leg

© A~ femur/synsacrum

B- tibiotarsus/synsacrum

C- tarsometatarsus/synsacrum

D- middle toe/synsacrum
E~ hallux/synsacrum
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Chapter 5
MYOLOGY

In this portion of the study the musculature of

the pelvic appendage of Sturnells n. neglecta was examined.

» Since'the muscles of the pelvic appendage of Sturnella

DSRS0 (D

{

B

. B, neglecta have not been described previously I have

described them very extensively.

i

No VariatiOh was found to exist between the sexes

as concerns the origin, insertion, and general appearance

of each of the muscles of the pelvic appendage. The muscles

of the male were used as a model for the illustrations,

Only one leg of each specimen was dissected because_éhot

typically damaged the bird to the extent that only one leg
was in a condition suitable for dissection.

Studies of the muscles of the pelvic appendagé of

- birds have appeafed in American ornithological literature

since the late nineteenth century. Most of the early

" studies were general and descriptive in nature. Frequently

broad conclusions were drawn from a study of only a few
representatives of a family or an order. Few measurements
of skeletal elements or musdles were published and detailed

comparative studies of skeletal and_myological features

‘of closely related forms were rare. Hudson (193%7) gives

an.excelient review of the early major works pertaining

39
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to the myology of the leg. The morée recent American works
_6n the muscles of the pelvic appendage of birds have
emphasized the functional aspect of anatomy.

Y'Since.the eppearance of Hudson's paper, the
fOlloQing additional papers on the myology of the leg
have appeared in Ameriea: Miller (1937); Hudson (1948);
Engels (1938b, 1940); Richardson (1942); Storer (194

\.J

e

N e

Fisher (1946); Berger (1952, 1953, 1968); Wilcox (1952);
Hudson, Lanziliotti, and Edwards (1959); Hudson, Parker,

.Berge, and Lanzillotti (1966); Fleming (1966); Owre (1967);

and Gaunt (1969). Most of these papers deal with one

<genus'or family of birds. The only work combining the

findings of previous avian anatomists in one large survey

of avian myology is George.and Berger's Avian Myology,l
1966, |

In order to interpret any differences or simi-
larities between the muscles of the pelvic appendage of
the male and female Western Meadowlark, ratios of the
weight of eaeh muscle expressed in terms of percentage of
the total weight of the leg muscles were constructed.
Since the main purpose of this paper was to determine the
possible extent of differences between the sexes in the
pelv1c appendage it was felt that a measurement of the

average welght of each muscle was sufflclent, even

though the weight of a muscle is only proportional to

the work of which the muscle is capable, and not an
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indication of the actual force of this muscle in nature.
Table 6 illustrates the muscle weights and ratios
of the two sexes. When the ratios of the weight Qf‘each
muscle to the total muscle weight are analyséd by the
Mann-Whitney U test the z-value obtained (-0.503; 26 df)

indicates that there is no significant difference between

i

the sexes when 811 the ratios sre compared with one another.

A close examination of the table does reveal a few small

differences between ratios which may be of importance

when the habits of the bird are considered., The following

list illustrates these differences (only those greater

“than 3% are listed ):

Percent Differerce
. Between Ratios

of Sexes
Muscle . ° Larger in Iarger in
: Male Female

M. iliotibialis | 4%
M. .sartorius - S | 6
M. femorotibialis medius

and externus 5

- M. semitehdinosuS'and

.accesorius semitendinosi . 8
M. ischiofemoralis v 6
M, flexor perforatus

digiti III . ) . - » 12
M. flexor perforatus _

digiti IV 28

M. semimembranosus ' 8
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Percent Difference
Between Ratios
of Sexes

Larger in Larger in

Muscle . - Male Female
M. femorotibialis internus 7
M. tibialis anterior ' 6

M. extensor dlgltorum

longus "8
M. flexor hallucis longus 25
M.  flexor digitorum longus 10

DESCRIPTIONS OF MUSGLES

Musculus Sarterius

M. sartorius arises from the posterior portion of
an aponeurosis shared'with_M. rhomboideus profundus
attached to the neural spine of the last dorsal vertebra

and the anterior edge of the median dorsal ridge of the syn-

'sacrum;.and by fleshy fibers from the anterior iliac

prooéss.and the lateral edge of the ilium posterior to the
anferior iliac process. The flat belly passes down the
anterolateral and anteromedial surfaces of the thigh, ofer
the patellar ligament at the knee,'and inserts by fleshy and
tendinous fibers on the anterior édge of the tibiotarsus at
_the prox1mal base of the inner cnemial crest.

M. sartorius is a two -joint muscle which acts to
extend both the’thigh and the crus in an anterior and

upward direction.



Table 6

Musclie Force Values, Ratios, andé Percent Differences

7% diff.

o Male Female
"Male F ind. musc. wt, Female F ind. musc. wt. bet. Ratios
Muscle (gm) tot. musc. wt: gm) tot. musc. wt. of Sexes

M. iliotibialis 0.2132 10.7 0.1772 11.2 4

M. sartorius .0609 3.0 .0506’ 3.2 6

M. femorotibialis medius and _

externus L1965 9.8 L1624 10.3 5

M. iliotrochantericus posterior  .0689 3.4 .0541 3.4 0

M. iliotrochantericus anterior .0082 4 .0060 A 0

M. iliotrochantericus medius .0014 .1 .0011 .1 0

M. biceps femoris .0676 3.4 .0533 3.4 0
M. semitendincsus -and

accesorius semitendinosi . 1403 7.0 1200 7.6 8

M. piriformis L0434 2.2 .0355, 2.2 0

ischiofemoralis .0324 1.6 .0273 1.7 6

M.

(4



‘Table 6 (continued)
Male . Female % diff.
_ v Male F ind. musc. wt. Female F ind. musc. wt. bet. Ratios
Muscle - (gm) tot. musc. wt. (gm) tot. musc. wt. of Sexes
M. semimembranosus . .0264 1.5 .0185 1.2 R
M. femorotibialis internus .0288 1.4 - .0213 1.3 7
M. adductor IOﬁgus et brevis - ;1086 5.4 -0858 | 5.4 0
M. gastrocnemius | 3871 19.4 .3108 ‘ 19.7 1
M. peroneus longus s 7. 1146 7.2 1
M. flexor perforans et per- - o - . . ’ '
foratus digiti II -~ .0050 - .2 .0040 , 2 v 0
M. ‘lexof perforans et per- |
foratus digiti III L0461 2.3 0366 2.3 o 0
- M. tibialis anterior : .1003 5.0 0752 ' 4.7 | 6
- M. peroneus brevis o .0144 7 - .0112 | 7 0
‘M. plantaris L0061 L2 .0030 2 0
M. extensar digitérum longus .0265 - 1.3 .0194 1.2 v | 8
i
e I I

vy



Table 6 (continued)

. Male . Female % diff,
_ Male F ind. musc. wt. Female F ind. musc. wt. bet. Ratios
Muscle (gm) tot. musc. wt. (gm) tot. musc. wt. of Sexes
M. flexor éerforatus digiti IIIX .0166 .8 .0141 .9 12
M. flexor perforatus digifi 1V .0288 1.4 .0279 1.8 . 28
M. flexor perfofatus digiti II .0138 .7 .0118 v .7 0
M. flexor hallucis longus .1459 7.3 .0918 5.8 25
M. flexor digitorum longus 0.0668 3.3 0.0472 3.0 10
Total weight 1.9934 1.5807

G
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M. Iliotibialis

M. iliotibialis is a large, flat muscle covering
most of the'laferal’surféce of the.thigh. The énteribr
and medial portions of M. iliotibialis arise from an
aponeurosis attached to the median dorsal ridge, the

anterior iliac crest, and the posterior iliac crest.

 The posterior portion of M. iliotibialis arises by fleshy

fibers from the posterior one-third of the posterior
iliac crest. The posterior border of the proximal one-
third of the musecle is fused with M. éemitendinosus.

The anterior and posterior portions of M, ilio-~

\ tibialis are fleshy while the central portion of the

muscle is aponeurotic in the distal three-fourths of the
thigh. The aponeurotic portion is-fﬁsed to the underlying
M. femorotibialis externus. M. iliotibialis ends §n an
aponeurosis which forms the most superficial layer of

the'patellar 1igameﬁt. The aponeurosis then inserts oh

the rotular crest of the tibiotarsus.

M. iliotibialis is a- two-joint muscle which acts

to extend the crus and abduct the entire limb. Since the

major part of the muscle 1s posterior to the'femurlthere

is also a tendency to extend the femur.

M. Pemorotibialis Externus

M. femorotibialis externus arises ffom the laterél.

and posterolateral surface of the shaft of the femur,

beginning about 2 mm from the proximal end of the bone
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and extending distad for almost the whole length of the
bone. |

The fleshy fibers of the proximal head begin
distal to the area of insertidn of M. ischiofemoralis and
posterior to the areas of insertion of Mm. iliotrochan-
tericus anterior and iliotrochantericus medius. Distal

to the area where M. iliotrochantericus anterior passes .

SRR 8 e e o 311 b S

between the proximal portions of Mm. femorotibialis
and medius the anteromedial border of M. femorotibialis
externus is fused with M. femorotibialis medius. Next

to the knee the belly of M. femorotibialis externus gives

- rise to an aponeurosis which forms the lateral part of

the patellar ligament and inserts on the rotular crest of
the tibiotarsus.

The distal head lies deep to the proximal head
andAarises by fleshy fibers from the posterolaterai
surface of the distai half of the shaft of fhe femur.

The distal head endé on an aponeurosis which forms the
déep layer of the mbst lateral part of the patellar
ligament. The aponeurosis inserts on the rotular crest
of the tibiotarsus. |

M. femorotibialis externus acts to extend the crus.

M. Pemorotibialis Medius

M. femorotibialis medius arises by fleshy fibers
from the trochanteric ridge and the anterior surface of

the shaft of the femur. The fleshy fibers of M. femoro-
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tibialis medius insert on the proximal end of the patella.

The total distal end of the muscle gives rise to aponeurotic

L I

T |]"1
[
P |
: i
|

fibers which aid in the formation of the patellar ligament
and insert on the rotular crest of the head of the tibio-
tarsus and the proximal tip of the inner cnemial crest, R

M. femorotibialis medius acts to_exfend the crus.

M. Iliotrochantericus Posterior

.fibers from the entire iliac fossé and from the anterior

'posteriorly and laterally to insert by tendinous fibers

M. iliotrochantericus posterior arises by fleshy

iliac crest to a point dorsal to the acetabulum. The
bulky belly ends on a flat tendon which inserts on a

curved ridge on the 1atera1 surface of the femur just

“distal to the trochanter.

M. iliotrochantericus posterior acts to rotate
the lateral surfacé of the femur mediad and cephalad.

This action would tend to adduct the lower leg.

M; Iliotrochantericus Anteriof

‘M. iliotrochantericus anterior arises by fleshy

fibers from the tip of the anterior iliac process and from

the iateral edge of the ilium. The flat belly pésses

between Mm. femorotibialis externus and femorotibialis | P
medius on the’posteroiateral surface of the shaft of the-

femur about 5 mm from the proximal end of the bone.

M. iliotroghantericus anterior acts to rotate the
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‘lateral surface of the femur mediad and cephalad. This

action would tend to adduct the lower leg. -

M. Iliotrochantericus Medius

M. iliotrochanteficus medius is a small muscle
(1 mm by 5 mm) which originates from the lateral edgé of
the ilium posterior to the origin of M. iliotrochantericus

anterior.— The belly of M.

- to an aponeurosis which inserts on the anterolateral surfaéé
of the shaft of the femur just proximal to the area 6f
insertion of M. iliotrbchanteriéus anterior.

M. iliotrochantericus medius acts to rbfate the
latéral surface of the femur mediad and cephalad. This

action would tend to adduct the lower leg.

M. Iliacus

M. iliacus is a tiny band of muscle fibers about

7 mm long and 0.5 mm wide. The muscle arises by fleshy
fivers from the ventral edge of the ilium immediately
posterior to the origiﬁ of M. iliotroéhantéricus medius.,
M. iliacus passes posteriorly and inserts by fleshy fibers
on.the posteromedial surface of the femur about 1 mm |
’distad.to the neck of the femur.

| Since'this muscle is so small any action that
it has would be weak. M. iliacus acts to rotate the
posterior surface bf the femur cephalad and laferad,

adducting it at the same time. -
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M. Biceps Femoris

M. biceps femoris arises by tendinoﬁsAand fleshy
fibers from the ventral surface of the posterior iliac
crest in its anteriof section. The belly of M. biceps
femoris passes distally down the thigh;/fapers to a small
tendon 1 mm wide, passes through the biceps loop, and

inserts on the posterior surface of the shaft of the

fibula about 9 mm from the proximal end of the bone.
The biceps 1bop is composediof:three armss: two

femoral and one fibular. The proximal femoral arm arises

~ from the anterolateral surface of the femur about 8 mm ffom
the distal end of»the bone. The distal femoral arm

. arises from the anteroproximal surface of the external

femoral condyle. The fibular arm passes distad from the

bottom of the biceps loop and attaches to the shaft of

the fibula aboﬁt 1 mm from the proximal end of the bone.

M. biceps femoris acts to flex the crus. It may

also tend to rotate the lower leg laterally.

Mm. Semitendinosus and Accesorius Sémitendinosi

| M. semitendinosus arisés.partly by tendinous
fibers from the ventrolateral surface of the posterior
iliae crest in ifé caudal 2 mm and partly by an aponeurosis

which extends medially posterior to the ilium_and super-

ficial to the dorsal muscles of the tail to insert pri-.

rmarily on the transverse processes of the first. three

free caudal vertebrae. The large belly passes distally
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and ends 6n a 1igamentous raphe shared with the accesorius
semitendinosi part of the muscle complex.

M. accesofius semitendinosi arises by fleéhyAA
fibers from the ligamentous raphe shared with M. sémi-
tendinosus. M. accesorius semitendinosi inserts on the
posterolaterai surface of the shaft of the fenmur, beginning
jggiwproximal to the proximal arm of»the biceps loop and
-extending medially dinto the popliteal fossa and to the
lateral surface of the internal femoral condyle.

Part of the ligamentous raphe shared by the two
muscles fans out into a flat aponeurosis which fuses
with the lateral surface of the aponeurosis of insertion
of M. semimembranosus and inserts on the tibiotarsus with
it; and, part of the raphe fuses with the latergl surface
of‘the,belly of M. gastrocnemius’paré media.

M. semitendinosus acts to flex the crus and adduct
the lower limb. M. accesorius semitendinosi aids M. semi-
- tendinosus in the flexion of:the crus. Mm. semitendinosus

and accesorius semitendinosi may aid in the extension of

the tarsometatarsus through their attachmeht'by ligamentous'

raphe on the belly of M. gastrocnemius pars media.

M. Piriformis

- M. piriformis pars caudofemoralis arises by
tendinous fibers from the ventrolateral corner of the base
of the pygostyle. The fleéhy belly (approximately 22 mm

long) extends anteriorly and tapers to a thin aponeurosis
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(2mm wide) which inserts on the'posterior surface of the

shaft 6f the femur, béginning approximately 9 mm from

the proXimal end of the bone. The belly of M.'piriformis

pars caudofemoralis passes superficial to M. ischiofemoralis.
M. piriformis has two possible actions. The muscle'

‘may depress the tail and draw it laterally; or, the muscle

may pull the femur posteriorly..

M. Ischiqfemoralis

M. ischiofemoralis arises bi fleshy'fibers from

- the lateral surface of the ischium and from the Vehtral
surface of the posterior iliac crest. M. ischiofemoralis
jpéssesvantefi@rly and inserts by tendinous fibers from the 
 su§erficia1_surface of.the belly of the muscle on a ridge
on the 1atera1 surface of the femur, beginning 2 mm from
the proximal énd of the bone. | |

| M. ischiofemoralis acts as a strong lateral
rotator of the femur. The muscle may also’act to move
thé femur posteriorly; but, this movement is not very

- effective due to the shortness of the lever arm of the

muscle.

M. Semimembranosus

" M. semimembranosus arises by fleshy fibers from the
'ventrolateral surface of the caudal half of the ischium
about 2 mm dorsal to the ischiopubic.fenestra. 'The bYelly

of M. semimembranosus forms the most caudal of the muscles
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on the medial surface of the thigh. The belly ends on a
4 mm wide aponeurosis which inserts on the posteromedial

surface of the tibiotarsus, beginning about 5 mm from the

-proximal -end of the bone. Part of the aponeurosis of the

raphe of Mm. semitendinosus and accesorius semitendinosi
is fused to the lateral surface of the aponeurosis of

insertion of M. semimembranosus.

M. semimembranosus acts as a strong flexor of the

crus and adducfor of the lower limb.

M. Femorotibialis Internus

M. femorotibialis internus is composed of two
independent bellies. |

1) The proximal belly arises by fleshy fivers
from the proximomédial sﬁrface‘of the shaft of the femur
aboﬁt.S mm posterior to the trochanter. The proximal
belly ends on an aponeurosis which inserts on the antero-
mediallcorner of the head of the tibiotarsus.
| 2) The deep distal belly arisesfby'apéneurotic'and

fleshy fibers from the medial surface of the femur just

- proximal to the internal condyle. The belly ends on an ‘

aponeurosis which inserts on the tibiotarsus posterior
and adjacent to the insertion of the tendon of the proximal

belly.

M. femorotibialis internus acts to extend the érué .

and rotate it in a medial direction..
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M. Adductor Lohgus et Brevis

M. adductor longus et brevis consists of two
independent bellies in the Western Meadowlark.

1) Pars anterior arises by tendinous and fleshy

fibers from the ventrolateral surface of the ischium along
the dorsal border of the'ischiopubic fenestra,’beginnihg

at the caudal border of the obturator foramen. The flat

- belly dinserts by fleshy'fibers,on the posterior surface
of the femur in its distal three-fourths.

2) Pars posterior arises by a thin aponeurosis

‘from the dorsal margin of the ischiopubic fénestra
primarily posterior to the origin of parsxanterior, but the
' poSterior pdrtion of the tendinous fibers ofrorigin of
pars pbstérior lie dorsal and superficial to the origin of
pars anterior. The flat belly of pars posterior insefts
by tendinous and fleshy fibers on the posteromedial surface
.of theAdistai end of the femur and the posterobroximal |
end of the interﬁai femoral condyle, where th; insertion
is fused with the origin of M. gastrocnemius pars media.

M. adductor longus et brevis acts to pull the
femur posteriorly. The muscle may also act as a weak add-

uctor of the fémﬁr.

M. Obturator Externus
M. obturator externus is composed of two indepén-v

dent bellies in the Western Meadowlark.
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1) The dorsal belly arises by fleshy fibers from
the posterodotsal»border of the obturator foramen of the

ischium. The tiny belly (approximately 4 mm long and 0.5

mm wide) of the muscle inserts by an aponeurosis partly.on_

the tendon of insertion of M. obturator internus and partly
on the head of the_femur anterior to that tendon.

2) __The ventral belly arises by Ffleshy fibers from

=Sl

the ventral border of the obturator forémen. The small

belly (about 5 mm long and 1 mm wide) inserts primarily

by fleshy fibers on a ridge on the iateral'surface of the

femur distal to the tendon ofAinsertion of M. obturstor

“intermis; some of the fibers insert on the obturator internus

tendon.

M. thurator externus acts to rotate fhe lateral

‘surface of the femur posteriorly and medially.

‘M. Obturator Internus

M. obturator internus arises by fleshy fibérs from
the medial surface of fhe ischium; the ischiopubic mem-
brane, and the pubis. Two tehdons form on the deep
surface of the anterior part of the muscle. The two
tendons fuse at the obturator foramen. This single
tendon passes through the obturator foramen and inserts
on thé posteroproximal end of the femur about 1 mm from
the proximal articular surface of the hone.

M. obturator infernus acts to rotate the lateral

surface of the femur postériorly and medially.
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M. Gastrocnemius

M. gastrocnemius has three heads‘in the Western

Meadowlark.

1) DPars externa. has a belly extending approximately

two~thirds the length of the crus. Pars externa arises
by a tendon from a tubercle on the posterolateral surface

of the femur just proximal to the exigrnaigggndyle. The

tendon of origin is fused with the superficial surface of
~the distal femoral arm of the biceps loop. The belly of

pars externa passes distad and endsion an aponeurosis which

forms the most lateral portion of the Tendo‘Achillis.

2) Pars media (18 mm long and 6 mm wide at the
widest point) arises by tendinous fibers from a tubercle
of the posteroproximal sﬁrface of the internal femoral

condyle° The origin is shared with the insertion of M.

~adductor longus et brevis pars posterior. The lateral

surface of the belly has part of the raphe of Mm. semi-
tendinosﬁs'and accesorius semitendinosi fused to it.
The fleshy belly of.pars media extends approximately one-
third of the length of the crus and eﬁds on an aponeuroéis
which forms the central portion of the Tendo Achillis.

The tendon of insertion of M. semimembranosus

passes between the origins of pars media and pars interna.

3) Pars interna has a bipartite configurétion'

in the Western Meadowlark. 0

The anterior section is the most superficial muscle
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of the anteromedial surface of the proximal end of the crus.

The muscle arises by fleshy fibers from the medial sur-

face of the .inner cnemial crest and the head of the

o M Tog 41 o |
|
|
|
|

tibiotarsus. The posterior section arises partly by H
fleshy fibers from the surface of the head of the tibio-
tarsus medial to the inner cnemial crest, and partly by

tendinous fibers from the proximal portion of the spine

‘. of the innér.cnemial crest. The fleshy bellies of the.
anterior and posterior sectioné exisf independently for S é
two-thirds 6f their iength before they fuse and end on | Hem
an aponeurosis which forms the most medial'portion of the
Tendo Achillis. o “ S
| | The Tendq Achillis passes distad over the posterior o
surface of the tibial cartilage whe:é part of it inserts
6n the posterior surface of the hypotaréus and part of
it.continues distad to insert on the poéterolateral
ridge of the tarsometatarsus. Extensionsrof the Tendo
Achillis fuse with the deep fascia on the back of the
-tarsometatarsus and form a sheath superficial fo‘the
tendons of the'flexor'muscles'erthé toes.

M. gastrocnemius acts to extend the tarsometatarsus

and flex the tibiotarsus upon the femur. v - R

M. Peroneus Longus ' | ' - : | -
The belly of M. peroneus longus afises‘by fleshy
fibers from the anterior edge of the inner cnemial Orest;'

the rotular crest, and the outer cnemial crest of the head
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of the tibiotarsus. The origin iS'intimafely related

with the origin of M. tibialis anterior. The fleshy

- belly extends almost three—ﬁuarters the length of the crus
and may be fused in its proximal portion to the undér—
lying M. tibialis anterior. The belly of M. peroneus
10ngusrtapers to a_tendon 1 mm wide, which bifurcates about

6 mm from the distal end of the tibiotarsus. The larger

branch continues distad and inserts on the proximolateral
corner‘of the tibial cartilage, Thé smaller, longer branch
'passes distad over thé external coﬂdyle of the tibio-
tarsus and into a foramen in the sheath of the Tendo.
- Achillis approximately 4 mm from the proximal end of the
bone. After passing through the.foramen the tendon
'inserts on the tendon of M. flexor perforatus digiti III
about 7 mm inferior to the prgximal end of the hypotarsus.
M. peroneus longué.acts to flex digit III becauSe_
of its insertion on the tendon of M.. flexor perfbratus
digiti IiI;' At the same time M, péfoneus longus actsvto
extend and abduct the tarsometatarsus due to the insertion
of part of the tendon on the lateral corner of the tibial

- cartilage.

M. Plexor Perforans et Perforatus Digiti II

A, M. flexor perforans et perforatus digiti II is

‘& small spindle-shaped muscle with a belly approximately

12 mm long and 3 mm in maximum width. M. flexor perforans

et perforatus digiti II arises partly by fleshy fibers
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from the posteroproximal face of the lateral femoral

condyle just distal to the origin of M. gastrocnemius pars’

externa, and partly by fleshy fibers from the aponeurosis

of origin of Mm. flexor perforatué digiti II and flexor

hallucis longus. Fleshy fibers also arise on the anterior
and deep surfaces of M. flexor perforans et perforatus

~digiti II from a raphe shared by Mm. flexor perforans et

perforatus digiti III, flexor perforatus digiti IV,'and

flexor hallucis longus. : ; o R S—
The belly of M. flexor perforans et perforatus

digiti II ends on a flat aponeurosis which tapers to a

small %endon. The tendon passes-distad.through fhe posterior S

surface of the fibial cartilage,'through the middle bony

~ tendinal canal of the hypotarsus, and then down the

posterior surface of the tarsometatarsus where it,basses

deep to the tendon of M. flexor perforatus digiti III

and then ensheathes the tendon bf M. flexor digitorum s

léngus. The tendbn of M. flexor perforans et perforatus

digiti II splits to permit the passage of the tendon of

M. flexor digitorum longus near the middle of the proximal

phalanx of digit II and then inserts on the proximal

plantar surface of the second phalanx of the digit. E
M.‘flexof perforans et pérforaﬁus digiti II acts

to extend the tarsus and flex digit II.

M. Flexor Perforans et Perforatus Digiti III

M. flexor perforans et perforatusAdigiti III has
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two heads in the Western Meadowlark.

1) The anterior head arises by fleshy fibers from

the lateral surface of the outer cnemial crest of the-

tibiotarsus. S - :
2) The posterior head arises by an aponeurosis —

from~the 1ateral femoral condyle just distal to the origin . i

bfﬁmifilaxgr,pﬁrﬁgrans,gifpgrfgraius,digijiwllg
J The belly of M, flexor perforans et perforatus I
digiti III tapers to a tendon which passes down the posterior
surface of the crus, through a fibrous canal in the medial -
half of the tibial cartilage, and then through the middle |
bony tendinal ecanal of the hypotarsus. The tendon
continués down the poéterior surface of the tarsométatarsus,
through the iateral surfdce of a fibrocartilaginous pulley
at the base of digit III, and onto the plantar surface of
_that digif. The tendon then expénds to form a sheath for
the tendon of M. flexor'digitérum longus near the middle

of the proximal phalénx of digit III. The tendon of M.
flexor perforans et pérforatus digipi IITI then splits to
permit the longus tendon to pass fhrough, énd inserts

on the sidés of the proximal base of the third phalanxv
- of digit III.
M. flexor perforans et perforatus digiti III acts e

to extend the tarsometatarsus and flex digit III.

M. Tibialis Anterior

M. tibialis anterior has two heads in the Western .



61

Meadowlark.

1) The tibial head of M. tibialis anterior arises

by fleshy'fibers from the proximolateral surface of the.
inner cnemial crest, from the rotulér crest, and from a C i
large area on the medial surface of the outer cnemial S
crest of the tibiotarsus. |

2) The femoral head arises by a short tendon from

a pit on the apex of the external femoral dondyle. The .v ‘} S
fleshy belly passes distad in the interval between the R p—
fibular head and the head of the tibiotarsus, and then
along the anterior surface of the tibiotarsus deep to
the tibial head. The two heads fuse about half way down T
the crus just proximal to the,formation.of the tendon of
ipsertion. |
The éingle, large tendon of insertion passés'
distad along the anterior surface of the crus, thfough
the ligamentum transVersum,_but superficial to‘the tendon
of.M. extensor digitbrum longus, and inserts on the anterior
surface of the tarsometatarsus about 3 mm from the prbximal
ena‘of the bone. | | |
| M. tibialié anterior acts as a strong flexor of the

tarsometatarsus.

M. Peroneus Brevis i o o - e

M. peroneus brevis has a-Small, spindle-shaped beil& % rrrrr
(about 28 mm long) that arises by fleshy fibers from the
anterior surface of the shaft of the fibula. The belly
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‘on the lateral surface of the proximal end of the tarso-
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tapers to a tendon which passes down the anterior surface

of the tibiotarsus and through a ligament on the antero-

lateral surface of the tibiotarsus at the level'of the

the tendon of M. peroneus longus and inserts on a tubercle

nme tatarsus.

M. peroneus brevis acts as a weak abductor and

flexor of the tarsometatarsus. ; : 7;,,W

M. Plantaris.

‘.end of the shaft of the tibiotarsus. The long belly

M. plahtaris arises by fleshy fibers from the
postéromedial surface of the headhof the tibiotarsus. The
belly of the mﬁscle is approximately 12 mm long and 2 mm
wide, The_belly tapers to a tendon which passes down the

medial surface of the crus to insert on the proximomedial

corner of the tibial cartilage.

M. plantaris acts as a weak extensor of the ‘ j —
tarsometatarsus and a mover of the tibial cartilage in

a proximal direction.

M. Extensor Digitorum longus

M. extensor digitorum longus arises by fleshy . ' T
fibers.from most of the lateral surface of the inner cnemial
creép, from the medial base of the outer cnemial crest,

and from the anterior surface of the head and the proximal
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(about 33 mm) passes distad on the anterior surface of the
tibiotarsus and tapers to a large tendon which passés
under the ligamentum transversum deep to the tendon of M.
tibialis anterior and then through a bony-canal just
proximal to the condyles of the tibiotarsus. The tendon
next passes fhrough‘a second canal on thé,proximal end of

the tarsometatarsus before continuing distad on the anterior

- surface of the tarsometatarsus.

The tendon of M. extensor digitorum longus
“trifurcates near’the.distal end of the tarsometatarsus.
Small branch tendons pass along the dorsal surfaces of
digits II, IJI, and IV held close to the bones by dense
fascial'sheaths; The primary insertion of the tendons of
digit II and IV is on the dorsal surface of the base of
" the ungual phalanx, but small branches of each main tendon
insert on‘the,bases of all butvthe’proximal phalanx of each
‘digit. The tendon to digit.III passes along the dorsal
surface of the pfoiimal phalanx of»digit III and bifurcates
neaf the mid-section of fhe phalanx{ The branch tendons
insert on the dorsal sectioﬁ of the base of the ungual
phalanx and also send slips to the bases of the second
and third phalanges of the_digit.

ﬁ. extehsor digitorum. longus acts as the major
extensor of digits II, III, and IV. M. extenéof digitorum

-longus also acts to flex the tarsometatarsus.




64

M. Flexor Perforatus Digiti III

. . {
M. flexor perforatus digiti III arises in the

inter—cohdyloid region of the femur from the most medial
portion of the common tendinous and fleshy origin shared
with Mm. flexor pefforatus digiti II and fléxor hallucis
 1ongus. The posteroproximal border of three-fourths of

the belly of M. flexor perforatus digiti III may be fused

_with the anteroproximalbborder of the beliy of M; flexor
perforatué digiti IV, The belly of M. flexor pérforatus
digiti III ends on a flat tendon which passes-through
the tibial caftilage and a lateral superficial tendinal
canal on the posteroproiimal end of the hypotarsus.

The tendon passes distad along the posterior

~surface of the tarsometatarsus through a fibroecartilaginous

pulley at the base of digit III where it splits opposite

- the base of the pfoximal phalanx and is thus perforated
by the tendons of Mm. flexor perforans et perforatus
digiti IIT and fiexor digitdrum 1ongué. The two branches
~of the tendon of M. flexor perforatus digiti III insert on
the plantar joint pad between the first and second
phalanges of digif ITI. ‘ | |
M. flexor perforatus digiti IIT acts to extend the

tarsometatarsus and flex digit III.

M. Flexor Perforatus Digiti IV

M. flexor perforatus digiti IV arises by tendinous

~and fleshy fibers from the intercdndyloid region of the
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femur. This origin is shared by Mm. flexor perforatus
digiti III and flexor hallucis longus. M. flexor perforatus
digiti IV is the most poéterior of the three muscles

sharing the common origin. The anteroproximal border of :
M. flexor perforatus digiti IV is inextricably fused with N
the posteroproximal border of M. flexor perfofatus digiti

ITI. The belly of M. flexor perforatus digiti IV passes

caudad three-fourths of the length of the crus and ends | S
on a flat tendon which passes through the tibial cartilage e
and a lateral superficial bony éanal on the posteroproximal
end of the hypotarsus. In its courée through the tibial
~cartilage and the bony canal in the hypotarsus as well as
throughout most of its descent along the posteroiateral
suiface,of the tarsometataréus, the tendon of M. flexor
berforatus.digiti IV lies superficial to the tendon of
M. flexor perforatus digiti III.
| The tendon of M. flexor perforatus digiti IV
‘passes through a fibrocartilaginous pulley at the base
of digit IV, forms a sheath around the tendon of M. flexor
digitorum,lohgus, gives rise to a branch which inserts on
the fibroﬁs joint pad between the first and second phalanges
of digit IV, and thén splits so that it is perforated by
the tendon of M. flexor digitorum iongus.‘ The branches ' —
 of the tendon of M. flexor perforatus digiti. IV insert on
the plantar joinf pad between the Sécond and third phalanges
of digit IV. |
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‘the tarsometatarsus and flex digit IV.
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M. flexor perforatus digiti IV acts to extend

M. Flexor Hallucis TLongus

M. flexor hallucis longus arises by two separate
heads in the Western Meadowlark.

1) The medial head arises in the interéondyldid

origin Shared'with'Mm. flexor.perforatus digiti III and

lateral head of M. flexor hallucis longus is not present,.

hallucis longus fuse behind the knee and pass distad'alohg

region of the femur from the common tendinous and fleshy

flexor perforatus digiti Iv. - , =

2) The intermediate head arises by tehdinous

fibers from the posterolateral surface of the femur,
proximal to the external condyle. The short tendon of
the int&rmediafe head gives rise to a fleshy belly which
passes distad medial to the biceps 1§op and the tendon
of M. biceps femoris.

" In the Red-winged Blackbird this muscle arises

by three separate heads. In the Western Mesdowlark the

but it appears as though the belly of what was once the

lateral head has fused with the intermediate head of the

- muscle.

The medial and intermediste heads of M. flexor

théfposteriorvthree-fourthS'of the crus. The fleshy belly
tapers to a tendon which passes through a fibrous canal

in the lateral half of the tibial cartilage and then
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through'the deepést'tendinal canai in the lateral half of
the_hypotarsus. The tendon of M. flexor hallucis 1ongusv
passes distad along the posterior surface of the tarso-
‘metatarsus, curves around the lateral surféce.of metatarsal
I and reaches the plantar surface of the hallux. The tendon
passes distad along the plantar surface of the proximal

phalanx, held close to the bone by a fibrous sheath, and

inserts on the base of the ungual phalanx.
M. flexor hallucis longus acts to extend the,t

tarsometatarsus and flex the hallux.

M. Flexor Perforatus Digiti II

» ‘M.»flexor perforatus digiti II arises by'a tendon
shared with the lateral head of M. flexor hallucis longus
from the posterodistal surface of the external femoral
condyle. Fleshy fibers arise oﬂ the deep surface of the
belly of M. flexor perforatus digiti II from a raphe
shared with M. flexor hallucis longus. The belly of M.
flexor perforatus digiti II tépers to a_fendon which
passes through a fibrous canal oh the lateral border of

- the tibial cartilage, takes a diagonal course from lateral
to medial through the intertarsal space, and emerges
through the medial tendinal canal.of the hypotarsus.

The tendon continues distad along the medial surface of
the tarsomefatarsus and through a fibrous canal on the-
lateral surface of metatarsal I, The tendon inserts on

the medial corner of the base of the proximal phalanx -

N [
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of digit II.
M. flexor perfératus'digiti II acts to extend the

tarsometatarsus and flex digit II.

M. Flexor Digitorum Longus

M. flexor digitorum longus arises by two heads in

the Western Meadowlark. One head arises by fleshy fibers

from the posterior surface of'fhe fibula along its :
total iength;‘and, the other head arises by fleéhy fibers
from the pbstefior surface of the tibiotarsus aldng the
anterior three-fourths of its length. The two heads
fuse about 3 mm from the proXimal end éf the tibiotarsus.
After the belly of M. flexor digitorum longus extends
distad along the posterior surface of the crus for three-
fourths Qf itablength it tapers to a.tendon which passes
" through the deep layer of the medisl half of the tibial
cartilage and then fhrough the deepest tendinél canal in _
the medial half of the hypotarsus. The tendon thenrpasses
distad along the posterior surface of the.tarsometatarsus
- deep to the tendon of M. flexor hallucis longus.  At the
level of metaﬁarsal I the tendon of M. flexor digitorum
longué trifurcates. |

AThe tendon to digit II passes through fibrous
tissue at the base of the proximal phalanx of digit II and
alohg the pléntar surface of the digit'to insert on the
base of the diétal phalanx. A viniculum from the deep

“surface of the tendon inserts on the fibrous plantar
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joint pad ét the-distal end of phalanx II of the digit.
The tendon to digit III passes between the two
limbs of the tendon of insertion of M. flexor perforatus
digiti III near the base of the proximal phalanx,.per~
forates thé tendon of M. flexor perforans et perforatus
digiti III neér the distal end of phélanx II, and inserts

on the base of the ungual'phalanx. A small viniculum from

the deep surface of the tendon inéerts on the fibrous pad
at the distal end of phalanx iII. :

The tendon to digit IV is eﬁsheathed by the tendon
. of M. flexor perforatus digiti IV at the level of phalanx‘
I of‘digit IV.: The tendon then perforateé the tendon of
M. flexor perforatus digiti IV near the distal end of
phalanx I, passes alohg the plantar surface of digit IV, and
inserts on the base of the ungual phalanx;_ A vinicﬁlum
inserts on the fibrous pad between the distal and next to
'distal phalanges of digit IV. |

| M. flexor digitorum .longus extends the tarso-

metatarsus and flexes digits II, III, and IV.

M. Extensor Hallucis Longus -

M. extensor hallucis longus is‘a minute muécle
about 18 mm long and 0.5 mm'ﬁide. The muscle arises by |
fleshy fibers from the anteromédial surface of the
proximal end of the tarsometatarsus. The flét bellyieﬁds
- on a tendon which passes through a fascial sheath on

metatarsal I to the dorsal surface of the hallux. The
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tendon passés along the dorsal surface of the hallux and

inserts on a ligament which extends from the distal end of

the proximal phalanx to the base of the terminal phalanx
of the hallux. | R
M. extensor hallucis longus acts as a weak extensor E R

of the hallux.

M. Flexor Hallucis Brevis

M. flexor hallucis brevis has a belly approximately
f4 mm long and 1 mm in maximum width at its origin. M. 5o
flexor hallucis'brevis originates ffom the anteromedial
corner of_the:base of the-hypotarsus and tapers to a
Smail téndon which passes distad along the posterior
portion of the tarsometatarsus medial to the tendons of
all thé deep:flexor muscles. At the level of metatarsal
I the tendon of M. flexor hallucis brevis passes along
the lateral surface of metatarsal'l, and inserts_oh a
‘fibrous pad which is attached to the'base of_the plantar
éurface of the.proximai phalanx of the haliﬁx.

M. flexor hallucis brevis acts as a weak flexor

of the hallux.
DRAWINGS OF MUSCLES

Abbreviations used in Pigures

Acc. semit.~ Musculus accesorius semitendinosi T

Add. long.- M. adductor longus

Ant.- anterior
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Apo.- aponeufosis
: Bic. fem.-~ M. biceps femoris

Bic. loopé Biceps loop

Ext.- externus

Ext. dig. l.- M. extensor digitorum longus
Ext. hal. 1;-AM; extensor hallucis longus

EgmL_iibl;gxiL:ﬁMigﬁgmQrgjibialisﬁexxgrnus

Fem. tib. int.- M. femorotibialis internus
Fen. fib.'med.- M. femorotibialis medius
F. dig. 1.- M. flexor digitérum longus

F. hal. brev.- M. flexor hallucis brevis

F. hal, 1l.- M. flexor hallucis longus

digiti II |

F. p. et p. 4. III- M. fléxor perforans et perfor-
' S atus digiti III

Fiex; per. d. II- M, flexor perforatus digiti II _
Flex. per. d. III- M. flexor perforatus digiti III
Flex. per. d; IY- M.. flexor'perforatus digiti v
Gas.- M. gastrocnemius |

Iliacus- M. iliacus

I1. troc. ant.- M. iliotrochantericus anterior

I1l. troc. med.- M.'iliotrochantericus medius

I1. troc. post.- M. iliotrochantericus posterior
Il. tib.- M. iliotibialis |

Int.~ internus

Isch. fem.- M, ischiofemoralis

4

"-F. p. et p. d. II- M., flexor perforans et perforatus |
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Lig. trans.- ligamentum transversum

Med .- medius

Obt. ext.- M. obturator externus

Obt. int.- M. obturator internus
P. ext.- pars externa
P. int.~ pars interna

P. med.- pars media

Per. brev.- M. peroneus brevis
Per. long.- M. peroneus longusv - | S
Pirif. p. caudo.~- M, pirifdrmis pars caudofemoralis e
Plantaris- M. plantaris

PCSt~* poéterior : ‘ | R
Sar.- M. sartorius |

Semimemb.~ M; semimembranosus

Semit.- M. semitendinosus

Tib. ant.- M. tibialis anterior _ L

Pib. cart.-— tibial cartilage
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Figure 8

‘Lateral View of the Pelvis, Caudal Vertebrae
and Left Leg -
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Medial View of t

- Pigure 9

he Pelvis, Caudal Vertebrae
and Left Leg
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Figure 10

eral View of-the Superficial Muscles
of the Left Leg
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Figure 11

Lateral View of the Left Leg Showing a Second Layer
of Muscles. The Following Superficial Muscles
Have Been Wholly Removed: Sar.; Il. tib.j
J1. troc. post.y Gas.y Per. long.
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Figure 12

Lateral View of the Left Leg Showing a Third Layer
of Muscles. In Addition to Those Listed for
FPigure 11, the Following Muscles Have Been
Wholly or Partly Removed: F. p. et p. ad.

IYy P. p. et p. d. III Semit.j Tib. ant.s
Fem. tib. med.? Fem. tib. ext.g I1.
troc. ant.§ Il. troc. med.j Bic. fem.
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 Pigure 13

Medial View of the

-Superficial Muscles of the
Left Leg
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Figure 14

Medial View of the Left Leg Showing a Second Layer of
Muscles. The Follow1ng ouperficial Muscles Have
Been Wholly Removed: Obt., int.$§ Gas.j Sar.s Pere
long., Ext., hal. 1.
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Figure 15
Medial View of the Leff Leg Showing a Third Layer of

Muscles. In Addition to Those Listed for Figure 14,

the Following Muscles Have Been Wholly or Partly
Removed: Fem. tib. int.§ Plantaris§ Flex. per.
d. 11§ Flex. per. d. III5 Flex. per. d. IV}
F. hal., 1.4 Pirif. p. caudo., Isch. fem,;
Acc. semit.j Per. brev.



ADD. LONG. P ANT.

ADD. LONG.R POST. ILIACUS

; TR i o
DA N N S
A T R v
AN .::'.." Py 25
\ \
\ N 3
\\
N\
N
N
\J

SEMIMEMB.—

f. DIG.L. —EXT. DIG. L.

F. DIG.L.

STURNELLA NEGLECTA r

IO MM .
o vt ‘ - o



89 .

Figure 16

Lateral View of the Left Leg Showing Areas of
Muscle Attachment
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Figure 17

Medial View‘of the Left Leg Showing Areas of
Muscle Attachment
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Figure 18

Figure_l; Anterior View of Left Femur Showing Areas of Muscle
Anterior View of Left Tibiotarsus Showing Areas of Muscle Af

Anterior View of Left Tarsometatarsus and Digits Showing Areas of

Attachment. Digits I and IV Rotated to Show Extensor St

Attachment.

irface

Figure 2.

-tachment. Figure 3.

Muscle
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Figure 19

Figure 1. Posterior View of Left Femur Showing AreaéAof Musc1e,Attachment. Figure 2.

Posterior View of Left Tibiotarsus Showing Areas of Muscle Attachment. Figure 3. N

Posterior View of Left Tarsometatarsus and Digits Showing Areas of Muscle ‘ f
Attachment. Digits I and IV Have Been Rotated to Show Palmar Surface.
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Chapter 6
DISCUSSION

In his study on the pelvic appendage in three

genera of Cuculidae,bBerger (1952) states that it is a well

established principle of comparative anatomy that in closely

~related forms cursofial animals possess longer appendages.
than non-cursorial animals. Berger (1952) and Engels
(19%8a) found this to be true in their comparisons of
.‘the-RQad-runner (Geococcxx)_and the Black-billed and
Yellow-billed Cuckoos (Coccyzus). In those birds whioh.
have been studied thé‘iongerlappendages of cursorial forms
seem to be the result of adaptive changes in the distal -
elements of the appendage (Miller, 1937; Engels, 1938a;
;Richardson, 1942; Berger, 1952). |
- The z-values obtained for the intramembral ratios

- of Sturnella n. neglecta indicate that there is no sig-

nificant difference between the retios of the sexes in

the ratios of the ulna and hand to the humerus, and the
ratio of the tibiotarsus to the femur. The z-values do
indicate a highly sigﬁificant difference between the sexes
when the ratios of the tarsometatarsus, middle toe, and
hallux to the femur are_considered;' If‘the'length of the
 femur was relatively the same in both sexes these results
would indicate a lengthening of the distal eiements
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(i.e. tarsometatarsus, middle toe, and hallux) of the leg
of the female, But, these intramembral ratios indicate
nothing about the relative length of the femur. in one sex
or the other. .It'is necessary to use a non—appenaage
eiement as a standard of COmparison to gain insight into
the relative 1ength'of specific limb segments in the male

"or the female.

It has been presumed by previous investigators in
the field of avian anatomy (Bdker, 1927; Engels, 1940;
Richardson, 1942; Berger, 1952) that the trunk of birds is -

- more stable in evolution than the paired appendages. If

<ene accepts this presumption as valid an examination of
limb/synsacrum ratios -ought to reveal information about
the relative length of individual bones among the various
representatives of a genus or family. The z-values for

the 1imb/synsacrum ratios of Sturnella n. neglecta reveal

enolsignificant difference between the sexes for the ratios
of the humerus, ulna, hand, femur and tibiotarsus to the
synsacrum, but they do reveal a significant to highly
significant difference between the sexes for the ratios
of the tarsometatarsus, middle toe, hallux, and totai leg
length to the synsacrum. The distal elements of the leg
" and the total leg seem to be relatively longer in the female
thah the male. |

This relatively longer leg and distal elements of
the leg of the_female'ie also indicated by the results

of the intermembral fatios.. In each ratio (except the
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ulna/tibiotarsus ratio) there is a highly significant
‘difference between the sexes, with the male having larger
median ratio values than the female. These results would"
imply 1ongef legs and distal leg elements in the female
and thus a reduction in the size of the female over the
male ratio values. | |

If the leg and distal elements of the leg are

relatively longer in the female one woﬁld expect that the
muscles and tendons of the fémale}leg.would only be relatively
ilonger than the male unless differences in the habits of the
séxes-neceséitated a change in the form or relative
development of.thé muscles., The z—valueslfor the com-
parison of the myologicalvratios of the sexes of the Western
Meadowlark indicates no significant difference between

the sexes when all the ratios are compared.with—one another,
However, there are some small differences (1isted in the
chépter on myology) which do seem to indicate a different
trend of muscular development in each sex.

‘In the female the muscles concerned With_extending
and flexing the'thigh'and crus (i.e; Mm. iliotibialis,
sartdrius; femorotibialis medius and externus, ischio-
femoralis, semitendinosus and aécesorius semitendiﬁosi),
and with flexing digits III and IV (i,e; Mm. flexor
perforatus digiti III, flexor perforatus digiti‘IV) are
better developed than in the male. The flexors and

extensors of the thigh.and crus are muscles which would
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seem to be useful in walklng by their flex1ng of the digits

to propel the bird in a forward dlrectlon, and useful in ' .

supporting the bird while it is extracting food or objects

In the male the muscles concerned with extending H—

and flexing the crus (i.e. Mm. femorotibialis internus,. e R

'digitorum longus) are better developed than in the female. o

is slightly better cursorially adapted than the male who

semimembranosus), £~9x1ng;JjuiVLaLsgmﬁiaiaxsusgim¢4iihialis

i A

. anterior), and flexing and extending the digits (Mm. ER—

extensor digitorum longus, flexor hallucis longus, flexor

- The flexors and extensors of the crus, tarsometatarsus,

and digits are muscles which w&uld seem to be useful in
perching.
- The osteological and myological differernces

between the sexes would seem to indicate that the female

is better perchlng adapted than the female., When these

~differences are v1ewed in terms of what is known of the

natural history of the species it seems as though the
differences would arise primarily as a resﬁlt of sexual
selection during the breeding season.

"The male Western Meadowlark establishes, maintains,
and defends a breeding territory for up to fouf weeks i
before the arrival of the females.' He advertisés his
occupation of an area by singing songs from fence posts,

tall‘weeds, small trees, or other relatively high areas.
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He maintains the térritdry'until the final brood is fledged.
After fhe ma1es have established territories the females
~arrive and exhibit a strong homing behaviof directed

toward the territory of the'previous season rather

than toward a particular mate. The males may have more

than one mate in their territories. After the breeding

season is over Western Meadowlarks form loose foraging

flocks of from 10 to 75 individuals until the next breeding
season. |

This type of.breeding behavior would seem to
select for malerbirds that can successfully establish
. and maintgin a breeding territory. A successful male
would he one that could adVertisé the boundaries of his

territory and defend them from encroachment by other

- males. A successful bird would necessarily have leg

~ muscles which would allow him to utilize the perches
nécessary for the maintenance of his territory. Western
Meadowlafk'breeding behavior would'Seiect for females that
had the stamina to survive the fall énd winter months.

The females fhat survived would be those that could findv
enough food to eat. SincejtheSe birds forage along the
ground those females that could walk along the ground |
mbre rapidly and extract food from on or below the surface
Of.the grouﬁd more éuccéSSfully wouid be the ones that
would survive to breed the_neit year.

In summary, the male and female Western Meadbwlark
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possess small differences in theif bone lengths and muécle

weights whiéh seem to be related to the breeding habits of

- the birds. The female is better cursorially adapted than
the male by her possession of a relatively longer tarso-
metatarsus, middle toe, ahd hallux, and by a better

' develofment'of leg-muséles useful in walking. Thé male

- is better adapted to utilize perches than the female by

his better development of leg muscles useful in perching.
These seiual differences between the pelvic appendage

of Sturnella n. neglecta would seem to be the result of

sexual selection during the breeding season.
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