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Abstract

This study was conducted to show the seasonal behavioral i i
inerpretation to the heat-e)'(change system. The study applied on 200 gg:ndg:; c:cllt}t])rioiigf énliitlgsmic()%
reargd in winter season (winter group), and 100 reared in summer (summer group), each groul; two
replcates, 50 for ;ach. The rearing period was 35 days. Chicken behaviour was re::orded by visual
thservation at daily scan sampling 3 times /day, 10 minutes / for each replicate.The following
behasjoralpattern§ were recorded, feeding, drinking, leg and wing stretching, body scratching
ar:re:llgg and rdestmg. Final body_ weight, total feed intake, food conversion ratio and mortality rates’,
o ofiifih'ai performance index. The arte_:ﬁal. blood supply and venous drainage of the pelvic
iy methog: ?n were dgmonstratgd by injection qf colored gum milk latex and treated by the
Db of preservation. Arterio-venous assoc1atipn was investigated in the tibial region of
peatly signiﬁcaﬁimp&'rrhe study revealed that the behaviour paramett?rs in summer and winter are
Mo 5 o5 931, ¢ iffered a}t P< 0.05,summer group shO\fved higher percentage pf resting
S P ) .A), and h}gher percentgge.of leg aqd wing stretch coxr'lpared with winter
e highest ﬁnal)’bwglght,.feed intake, were significantly dlffergd at P<0.05, w1{1ter group showed
B compareq it }? y weight 2093 + 0.75 gm and in the same time lower feeq intake 35}2 + 19.5

: summer group. Increasing of resting behaviour and leg & wing stretch in broiler

thicken : .
rterieg ;izred In summer was explained on the basis of bird anatomy. The intermingled network of
veins (rete tibiotarsale) help in thermoregulatory mechanism because exchange of heat

to keep the bird body

€Ween arterj
temperatyy eries and veins is considered to be of a great importance
¢ within the normal.

ey Words: .
* Broiler, Heat stress, Behaviour, Artery, Vein.

Introduction
environment that

ns. Environmental
forms

hange in the
tatic conditio :
d biotic factors (various

iy Strzzs occurred when an animal experiences ©
ilr?sS incly esy responses aimed at re-establishing homeos
Finfecy; " d_ablotlc factors (climate, and temperature) an

1S¢ases) Mumma et al., (2006).

. The ; . ,
specles. :“:{ Mportance of animal response to environmental challenges app_lled to ali
Chay e ever,Poultry seemed to be particularly sensitive 10 temperature environmenta

8, €Spep:
“Pecially heat stress, Settar et al., (1999) and Deeb and Canhar(2002).
behavior seck.ing

hi .
8 temperature ~condition, less time feeding,

> When birds subjected to heat str
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more time drinking and panting, as w;ll as more time with theijr wings Stretch, lesg
moving or walking, and more time restingMack et al., (2013). IMg

Animals utilized multiple ways for maintaining themmregulation
homeostasis when subjected tohigh environmental temperatures,

includipg ... 20

e uding i Teasip

radiant, convective and evaporative heat loss byvasodilatation Mustafet al,, (2009)
Arteriovenous anastomosis (AVAs) is important in local and gen

: : eral temperayy,
regulation. There is very little information about the role of anatomy of the vascy]y, Systery
on the heat loss.Bogin et al., (1996 a, b). So the aim of the present study was tg follow the
behavioral changes of broiler chicken in summer and winter with some anatoriy
interpretation to the mechanism of heat loss,

Materials and Methods
Birds and Housing:

A total of 200 broiler cobb chicks, were used in this study, housed i
experimental unit at Faculty of Veterinary

Medicine, Cairo University, Egypt, wit
stocking density 10/ m2, using 4 pens, 50 chicks for each. Feed and water were provided
adlibitum via trough feeders and bel] drinker.

The birds were vaccinated against Newcastle disease and Infectious bronchitis
and Gumboro. All di i

research council. NRC (1994)

Table 1: Composition and nutritive value of starter, grower and finisher diet used.

Ingredients Starter Grower Finisher
Yellow éorn 61.4 68.3 73.4
Soya bean meal (46%) 299 20.3 15.5
Full fat soy (35%) 1 1 3.2
Corn gluten meal (62%) 3.5 6.1 3.7
DL-Methionine 0.26 0.27 0.3
L-Lysine HCL 0.265  0.450 0.470
L-Threonine 0.085 0.085 0.3
Mono calcium phosphate 1.17 1.13 0.75
Lime stone 1.63 1.575 1.5
Salt 0.24 0.24 0.23
Sodium bicarbonate 0.2 0.2 0.3
Choline chloride (60 v 0.05 0.05 0.05
Premix 0.3 0.3 0.3

Mo 100

‘ 
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Crude protein (%) 21.6 19.5 17.07
Metabolisableenergy (Kcal/kg) 3050 3150 3200
Calcium (%) 0.1 0.95 0.9
Phosphorus (total) (%0) 0.64 0.6 0.57
Available phosphorus (%) 0.5 0.48 0.46
Methionine % 0.63 0.63 0.61
Lysine % 1.3 1.21 1.12
Threonine % 0.95 0.85 0.77
Sodium % 0.17 0.17 0.17

Experimental design:

200 Birds were divided into two groups. Winter group; 100 chicks (2 replicates),
reared at ideal environmental temperature (24°C -25°C). The brooding temperature was
35°C at one day old and gradually decreased 3°C /week until reach to 24-25°C at 21 days
old and then kept constant until 35 days old. Summer group, 100 chicks, (2replicates), left
on the normal environmental temperature range 32°C —40°C and relative humidity range
65%-75 %.

Measurements:
In both groups the same measurement were taken;

Behavioral measurements: i
The behavioral patterns were observed and measured througl}out the rearing
periods including; feeding behaviour, drinking behaviour, welfare D bt agon:
including leg and wing stretching, preening, leg scratch and resting behav%our.
Measurement applied according to Altman (1974)through daily scan sampling, 3 fires
/day, 10 minutes / for each replicate; so thetotal scan observation per}od was 60 rpmutes
for eachgroup/day. Theresults were expressed as the percentage of birds performing the

behaviour Reiter andBessei, (2000).
Productive index:

Final body weight, feed intake,feed conversion ratio and mortality rate (%) were recorded.

Pelyjc limbs anatomy:

Samples of 10live large size birds at 1.7 to 2 kg of_body w.elght wereltak.er.l t?;:

E?d(; group, before exsanguinations, the birds were anaesthen:_ed' bj' ,;?;:?'r:rt:'s'ztz ;z,:?fzf)l "
> em of 29 i “hlori Dutch farm veterin . 5) |

€nsure properf rilﬁx:t}il(l)?lzgii :\)/,Sirg C;/}ztlsoor::c(‘}fr:’st(riction. 4hen injection of heparin (Calheparin,

3000 1.U.) in the wing vein diluted by 1 to 2 cm. saline solution to prevent b}ood CEO'tEmg'i“l ‘

Vo Each specimen was exsanguinated by cutting the common cqrotlgFartcrll(c);. (N;;
hentncular mass of the heart was removed and a nelaton catheter of size to )

ledicalcomlmny) was introduced into the left ventricle of the heart to the descending
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tion of the pelvic limb and it also was introduced it the r;

. arteries injec G did 4
aorta for arteries 11 a cava for veins injection of the pelyic limk gElt
9 .

ventricle of the heart to the caudal ven

S hods were used for preparation of the specimens for dissection,

Different met ; 7k
A. Injection of 60% of latex neoprene colored using red rottring ink for the arteries gy

blue one for the veins _
B. The specimens were kept In 1

dissection. _ . _
The nomenclature used in this study — was that  given by

NominaAnatomicaAvium,accordingtoBaumel et. al., (1993).

0% formalin, 4% phenol and 1% glycerin befy,

Statistical Analysis: .
The results were analyzed statistically wusing variance analysis and

significantdifferences were estimated with Duncan’s test and using Chi-square test for
behavioral observations.(Ewa andRenata2005).

Results
Behavioral measurements:
Regarding the results of behaviour patterns in table 2, there were statistical
significance differences between two groups at P < 0.05, in feeding behaviour; as winter
group showed higher feeding percentage 8.75+ 0.32 % than during summer 3.67+ 0.22 %,

while drinking behaviour was lower during winter 4.61% 0.16 % compared with summer
group 6.47+ 0.25 %.

Table 2.Behaviour Patterns of broiler chickens in two different seasons

Behaviour patterns

) PR . Welfare Index behaviour p =

8.75+0.32° eg and wing stretch ~ Preenin body scratching  Restis

367+ 872" g’jli ble) 5.99+0.15° 795 L0 6?4 20.18° 2370
: A74025 B47£092°  434014° tore0s® % M

Behaviour pattern expr - :
. Xpressed ;
showing the behayj H as average percentage of birds

our duringobs ionti
. A gobservationtime,
. It equal Mean+ stander error,

- *Means with the diff; indi
: er D
different at p<0.05. ent indices between groups are significantly
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[ indi '
welfare indicator behaviour parameters,

ing 10 there were isti
Regﬂfd" _ statistical
fferences between two groups at P < 0.05, during summer, birds showed

<iﬂ‘“.'cm1c-el ercentage 33- +0.94 %, -dur.mg summer birds showedfrequent special lateral
i\i'&‘l_‘cr gition with expansion to pe¥v1c limb and wing of the opposite side of resting (e;?
oling (e summer group showed higher percentage of leg and wing stretch 8.47 + 0.92 O/g
) sod with winter group 5.99+ 0.15 %,but preening and body scratching was .lowe(;
ompare merd43% 0.14 % and 4.92+ 0.8 respectively, compared with winter group 7.95 +

o SU
i 64+ 0.18%

Productive index: ‘ |

performance of br oilers including final body weight, average feed intake, feed
anersio ratio and mortality "?te as presented in table 3; there was a highly significance
et Egen B pIOGUCHVE perfomance parameters at P < 0.05. Winter group
goved the highest average body weight 2093 + 0.75 gm, followed by summer group 1740
;0 Bgm,while the average feed intake recorded was3975 + 6.5 gm and 3532 + 10.5 gmin
vnergroup and summer grouprespectively. Lower food conversion rate achieved in winter
g 192 0.0%, followed by summer group 2.03 = 0.07. Also the mortality rate showed a
higly significance difference between different groups, winter group showed lower
norality rate 3.5+ 0.08 %, followed by summer group 6.5 £ 0.94 %.

Table 3: Effect of seasons on broiler performance

Summer group Winter group
Final body weight (gm) 1740 +0.93° 2093 + 0.75°
Average feed intake (gm) 3532+ 10.5° 3975+6.5°
Food conversion rate 2.03 +0.07° 1.9+0.00°
Mortality rate (%) 6.5+ 0.94° 3.5+0.08"

- **Means with the different indices between groups are significantly
different at p<0.05

’1’::”0ffllca1 measurement:
4.y 0100d supply

bialiscraniqjs, ' .
bonli The cranial tibial artery (Figs.2 and 3/1); the largest tcrmin_al. branch of the
b Ueal artery and it was considered as its direct continuation after the origin of the caudal

tibi :
lartery 1 4 the main arterial blood supply of the leg and foot and continued as the

comm0n - 29 ) 10 of
Vith (e Sorsal metatarsal artery (Figs.2 and 3/6). The common dorsal metatarsal artery

ollateral branches of the distal third of the cranial Fit.)ia} artery and some large
Mmed multiple parallel vessels referred to as the rete tibialiscranials (Fig.2/2). The
S of the rete tibjaliscranialis communicated distally on the dorsal aspect of the hock
"MIng another net termed rete tarsi dorsalis or rete tibiotarsale (Figs.2 and 3/3), from
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which the arteries of the foot are detached. The rete tibiotarsale is Playing :
thermoregulation of the leg temperature in summer through heat dissipatiop rdole in
the presence of extensive arteriovenous anastomosis. e t,
Arterial blood supply of the foot (shank and toes)

The foot received its arterial blood supply from the common dorsy)
artery (Figs.2 and 3/6) which is the direct continuation of the cranial tibial artery oppos;
the level of the proximal end of the tarsometatarsus. It is communicated with the Collat:rt?
branches of the distal third of the cranial tibial artery forming the rete tarsi dorsajs o, t}?
dorsal aspect of the hock joint. The rete tarsi dorsalis gives off the lateral and mediat;
plantar tarsal arteries. The common dorsal metatarsal artery continues distally on the dorsa|

aspect of the metatarsus till its middle where it divides into lateral and media] dorsa]
metatarsal arteries.

Khalifa, E. F. Beh

The lateral and medial plantar tarsal arteries (Figs.2/4 and 2/5); are given off
from the lateral and medial aspects of the rete tarsi dorsalis respectively. Each plantar tarsa|
artery divided into an ascending and descending branch.

2. Aa. metatarsi dorsalislateralis et medialis:

The lateral (Figs.2 and 3/7) and medial (Figs.2 and 3/8) dorsal metatarsal arteries
are considered as the distal termination of the common dorsal metatarsal artery. They
descend on the corresponding dorsal surface of the tarsometatarsus and share in the

formation of the plantar arterial arch (Fig.2/9) that which gives off most of the digitl
arteries.

Aa. digitales:

The majority of the digital arteries (Figs.2 and 3/10, 11, 12, 13) spring from the
plantar arterial arch (Fig.2/9) while the rest of the digital arteries are detached from the
medial and lateral dorsal metatarsal arteries. They course along the medial and lateral

aspects of the corresponding digits and anastomose with the accompanied veins
Venous drainage

V. tibialiscaudalis

The caudal tibial vein (Fig. 4/1); is given off from the caudal aspect of the
popliteal vein.It descends in company with the caudal tibial artery to drain the flexors of ‘;
leg. The caudal tibial vein does not exceed the level of the tibiotarsometatarsal j°1‘_‘t sl
anastomoses with the medial crural vein just proximal or at the same level with

preceding joint to give the medial plantar metatarsal vein (Fig. 4/4).
V. tibialiscranialis

|
|
1. Aa. tarsi plantareslateralis et medialis: |
|
|
|

The cranial tibial vein (Fig. 4/2); is the largest branch of the popliteal vein and it ®
considered as its continuation. It runscranioventrally in company with the fibular artefz,
through the proximal interosseous foramen,and then proceeds on the cranial aspect ©
tibia, The cranial tibial vein continues as common dorsal metatarsal vein (Fig. 4/3)

V. metatarsalisdorsaliscommunis il
The common dorsal metatarsal vein (Fig. 4/5); is the direct continuation of the crafi. | th

¢ el ¢

vemn just distal to the hock joi i ' ct ©
Joint, At the mid orsal aspe al

tarsometatarsus, the common dus dle third of the dorsal ¢ a

: . al metatarsal vein divides into medial and later® =z,
?:::;?I:Sal me: (Figs.4/6 and 4/7), which are proceeded distally along the correspo™
pect of the tarsometatarsus til] reaching the metatarsal pad.
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yenous drainage of the foot

The :

The venous blood of th?T fopt was dr.amed thfough the Arcusvenosusplantaris (venous
plantar arch) (Fig.4/8) which is formed just pro>§1mal to the plantar aspect of the phalanges
of the toes inside the metatarsal pad. The medial plantar metatarsal vein shared with the

medial and lateral dorsal metatarsal veins in the formation of the arch that responsible for
detaching some of the digital veins.

vv. Digitales (Figs. 4/9, 1/10, 1/11, 1/12); some of the digital veins are directly
detached from the venous plantar arch, while the rest of the digital veins came from
the lateral and medial dorsal metatarsal and the medial plantar metatarsal veins. The
digital veins are extensively anastomosed with the corresponding digital arteries to
perform a role in the body thermoregulatory mechanism.

Exchange of heat between arteries and veins was considered to be of great
importance in reducing heat because the large vein and artery run close to each other
in the tibial region.

Anatomical adaptations favoring arteriovenous heat exchange consisted of the
close apposition of arteries and veins in elaborate networks (rete tibiotarsale), which
was an intermingled network of arteries and veins. Together these arteries and veins
form a rete mirabile (fig.5 and 6/4) which responsible for heat loss.Most of the
arteries in the pelvic limb were accompanied by veins, but the degree. of
arteriovenous contact was most extensive in the distal part of the tibial region.
Sections of the cranial tibial vascular complex at this level showed a large artery, the
cranial tibial artery (fig.5 and 6/1) and small collateral branch of the fibular artery,
glg.S and 6/2) which were all in contact with two to four venae comitantes (fig.5 and

3).
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1. A.tibialis cranialis

2. Rete tibialis cranialis
3. Rete tibiotarsale 5
4. A.tarsalis plantaris lateralis

S. A.tarsalis plantaris medialis

6. A.metatarsalis dorsalis communis
7. A.metatarsalis dorsalis Iateralis

8. A.metatarsalis dorsalis medialis
« Arcus plantaris

10. Aa.digitales | medialis et lateralis
11. Aa.digitales

II medialis et lateralis
12, Aa.digitales III medialis et lateralis
13. Aa.digitales IV medialis et lateralis

Fi e o . diagram
16 2- Arterial blood supply gibig) region of pelvic limb, medial view, diagr®
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1. A.tibialis cranialis

3. Rete tibiotarsale

6. A.metatarsalis dorsalis communis
7. A.metatarsalis dorsalis lateralis

8. A.metatarsalis dorsalis medialis

10. Aa.digitales I medialis et lateralis
11. Aa.digitales II medialis et lateralis
12. Aa.digitales 111 medialis et lateralis
13. Aa.digitales IV medialis et lateralis

Fio. 3 .A photograph showing the arteries of left foot dorsomedial view.

. \V.tibialis caudalis

_ \/tibialis cranialis

_ Rete tibiotarsale

V. metatarsalis plantaris medialis
V.metatarsalis dorsalis communis
V. metatarsalis dorsalis medialis
V. metatarsalis dorsalis !ateralls
Arcus venous plantaris

9. v.digitalis | lateralis

10 V.digitalis Il medialis et lateralis

11 . V.digitalis {1l medialis et lateralis
12. V.digitalis IV medialis

mﬂmmau,\,_‘

| R L : : T ateral view.
Fig 4 .A photograph showing the venous drainage of left foot late

1-A. tibialiscruuialis
Z-R‘collalcralis etA.fibularis

3. Venae comitantes

Fig 5 A photoraph showing the Arterio-venous Anastomosis in pelvie limb

99

——r——————— WP ITE T Y 8 B0 1 L PP D 60 B b it g




Khalifa, E.F. Behaviour Adaptatioy Of By
ery

1- A.tibialiscranialis
2-R.collateralis etA.fibularis

3- Venae comitantes

4- Rete tibiotarsale (Rete

mirabile)

Fig 6 .A photograph showing the Arterio-venous Anastomosis in pelvic limb

Discussion

The results revealed that winter group chicken showed more feeding time and
higher feed intake than summer group this reflected on performance of birds 'm_the
higher body weight, lower feed conversion rate and lower mortality rate in the winter
group than summer one. These results related to the side effect of summer heat stress
on birds according to Daghir (2009) who referred that the most important factor
affecting performance in broilers subjected to high temperature was reduced feed
ntake. While summer group showed higher drinking behaviour than winter group:

Fhese related to need of summer stressed birds to drink more water as water p[ayed %
important role in cooling broilers.

‘ Concerning to welfare behaviour index, winter group showed higher res-tmg’
preening, and body scratching these means that birds felt a sense of comfort during wmte;
i;:asqn compared to summer season. While leg and wing stretch in higher during Sumﬂil;g

anin winter and in the same time birds during summer recorded frequent posture duri
{:ﬁ:i that birds laying laterally in one side and extend the limb of the opposite st Th:;s'
vznfr:loi rflfmid |l_° anatomical feature of the pelvic limb of birds that increase exp Osmlfeul
oo aw{))r dcinc: t uz]‘b tq air as a method of behavioral adaptation of birds to Summefns of
ol jzr;)” :Iongalcz and Leeson (2006)and Bogin et al., (1996 a, b.).The resublood
e Sup ! c W",}-] the results ofScholander (1955) revealed that, return of the
o perficial veins would enhance heat dissipation to the environment. Y
igh-temperature : .
distinein htal.lwhp:;ﬂ:;t sll(?lfl:anc'c relied on physiological and behavioral aclapta“r‘;n ¢
only by evaporation and rc(]l:b-b:jd-m a metabolic chamber, regulated their body tempzs o
adjustments (hag increase he'LlL[ |»nsmal"m’ the chamber being too small (0 alloW pmrke)’
Vultures The fee( of birds anriI X u:s ® 48 reported by Arad and Bernstein (1988) M0 Speet!
; . are excellent dissipators of excess body heat (Steen 811%™
“Nielsen 1975, Baudinette et al., 1976)-
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¢ cranial tibial artery in the chicken was the largest termin
: e alb .

onfinuation of the popliteal artery after giving off the caudal tibir:lmz:tind i
reSembled that demonastrated by EI-Qmm al., (2012) in chicken, Mcleod et al (?’9,651l fesult
Jomestic fowl, Can et al., (2010) in Japanese quail and El-Nahla et al "(2010 ) in the
O Roch (1973)if the ‘dkficstic. Jow{stuied it he. crgnia Gt sty divided
proximal to the tarsal joint into two branches, which supplied the toes. ery divided

The present investigation in the chicken revealed
was the continuation of the cranial tibial artery aﬁt;a:tmcfo‘::lmtﬁ: g‘;;sarl mﬁ;tfatarsal
the hock joint, and then continued distally on the tarsometatarsus to terminate :t us," bace of
the digits by forming the digital arteries, a result which agreed with that of Swieliem as;e :Jf
(2012) in chicken, Mcleod et al.,(1964), Baumel (1975b), Nickel et al., (1977) and B:u ;1] i
et al, (1993) in the domestic fowl and El-Nahla et al.,(2010) in the o;trich_ Mcleod et a]e

(1964) in the domestic fowl named this vessel as the great metatarsal artery.

Our study and Midtgard (1981) revealed that multiple, plexiform counter-current
veins that contribute to the rete tibiotarsale are derived from fibular and cranial tibial veins
The rete tibiotarsale (rete mirabiletibiotarsale) was defined by Midtgard (1981) in mang-«
different birds as the venous rete was intermingled with an arterial rete that useful for heat

dissipation.

' The present work and Swielim et al., (2012) in chicken, demonstrated that some of
t1?(".(1lgital veins were directly detached from the venous plantar arch, while the rest of the
digital veins came from the lateral and medial dorsal metatarsal and the medial plantar
metatarsal veins independently, these results was important according to Nickel et al.,
8977) who stated these parts of the limbs are exposed to severe temperature changes, and
ac:i):) Itlherefore have arteriovenous anastomosis with 2 hemodynamic and thermoregulatory

Conclusion .
Based on the results of this study; it was concluded that when envuonmc?ntal
a number of behavioral

tem i :
res I:)eratum exceeding the thermoneutral zone of bird; : :
togl 18eS wag occurreddepending on their anatomical structural and this contributed
eir ability to resist heat stress.
Acknowledgement -
welim, professor of

| Abdel-hakim S

Our greet thanks for Professor Dr. Gama
Medicine, Ca

is Vallr:lybﬁnd ‘E'mbryo]ogy’ Faculty of Veterinary
able Guide and his support for us during this work.

o iro University, for

References

J. 2 . .
“974)1 Observational study of behaviour: sampling methods. Behaviour; 49: 227-261.

101

CamScanner



Khalifa, L. I,

Behaviour Ady fation or p, il
Wlery

Arad. Z.. and Bernstein, M.H.(1988): Temperature regulation in Turkey Vultures Condor 9.9
: IR

Baudinetter, V., 1. P. Loveridgek, J. Wilson, and Schmidt-Nielsen, K.(1976): feq loss f
Herring Gulls at rest and during flight. Am. J. Physiol. 230:920-924, O fegp

Baumel. J. J. (1975b): Aves Heart and Blood Vessels. In: Getty, R., Sisson, S. and Grossmap'
The Anatomy of the Domestic Animals, 5th edition, W. B. Saunders Company, phj, d:lj
PA. USA. Vol. (2): 1993-1996 and 2006-2009. phiy

Baumel, . J., King, A.S., Lucas, A.M. Breazile, J.E. and Evans, H.E. (1993):SystemaCardiov;lscu;J X
In: NominaAnatomicaAvium.(J. J. Baumel, A. S. King, A. M. Lucas, J. E. Breazile, ang ;,
E. Evans , eds). London, UK: Academic Press.360-501.

Bemnstein, M. H. (1974): Vascular responsesand foot temperature in pigeons. Am. J. Physiol, 33
1350-1355

Bogin, E.. Avidar, Y., Pech-Waffenschmidt, V., Doron, Y., Israeli, B.A, and Kevkhayey,

E.(1996a):The relationship between heat stress, survivability and blood composition of the
domestic chicken. Eur. J. Clin. Chem. Clin. Biochem. 34: 463-469.

Bogin, E., Peh, H.C., Avidar, Y., Israeli, B.A., and KahanerD. (1996b): The effects of long-term high

environmental temperature on cellular enzyme activities from different organs. Eur. J. Clin
Chem. Clin. Biochem., 34: 625-629.

Can, M., Ozudogru, Z. and Ozdemir, D. (2010) Arterial ascularization of the Hind Limb Muscles in
the Japanese Quails (Countrixcountrix japonica). J. Anim. Vet. Adv., 9(17): 2265-2270

Daghir, N.J.(2009): Nutritional Strategies to Reduce Heat Stress in Broilers and Broiler Breeders.
Lohmann Information; 44(1):6-15.

Deeb, N. and Cahaner, A. (2002): Genotype-by-environment interaction with broiler genofype
differing in growth rate. 3. Growth rate and water consumption of broiler progeny from

weight-selected versus nonselected parents under normal and high ambient temperatures
Poult.Sci., 81,293-301.

Dursun, N. (2002):EvcilKuslarinAnatomisi. Ankara UniversitesiVeterinerFakultesi, DersKitaplir
Ankara UniversitesiBasimevi, Ankara.

El-Gammal,S.M.M. (2012): Anatomical studies on the blood supply of the pelvic limb of the chicket

. : Al 15
with special reference to the renal portal system and renal elimination of some dru
M.V Sc. Thesis Fac. Vet. Med. Cairo Univ.

. cof the
El-Nahla, S. M., El-Mahdy, T., Abbott, L. C. and Hassan S. A. M. (2010): The Arterial Supply O™
Pelvic limb of the Adult Ostrich (Sturthiocamelus).

Ewa, S.C. and Rengta, M.(2005): Effect of Management System on Behaviour and Product?
Broiler Chickens. ISAH, 2: 106-110
Gonzalez-

3 F’ 3 5 : s 10 hl"“‘l
sllr':?ﬁm R. andLeeson$.(2006): Physiological and metabolic responses of broilérs ©
+Implications for protein and acid nutrition, World’

' L AR 5
Kilgore, . 1 s Poult, Sci. J., 62: 282-2)
ore, D, L, JR., and Schmidi-Niels ot immersed 7
water, Condor 772:1/.?3!7? lelsen, K. (1975): Heat loss from ducks’ feet immerse

ity of

L‘L\l‘j

- Anatomy of Chickey
kold and L. Devrie
Mack, L.A., Felver

sctift
¢ et (] e 5 1 « "u‘l‘u"'
' and Domestic Birds, Translated from the German 38

$ Ames, 1A, USA: The lowa State University Press- 11"

-G —r e gltel
pProduction a,:gng‘el;'z;:;;r;fmms, R.L., and Cheng, H.W. (2013): Genetic \'Lnriztlltlfl ;oull'
8¢i. 2013,92, 285394, Ponses following heat stress in 2 strains of laying he™*

102

CamScanner



atomy Minncapolis, Mn, USA:

tibiotarsale and arteriovenous association i

. The reté
hological study on counter-current heat exc

n the hind limb of birds; a

981
| hange systems, Acta Zool,

gt O ative. MOTP
N cO‘“pilT) 6267-6287:
(Sto¢ Vizzier-Thaxton Y., and Dodson W.L.

ton JPs
0. Thzusxt% Lt Sci., 85: 761-769.

(2006): Physiological stress in

o™ l‘a.yir.\g hen . . . -
J S., and Firat, M.Z. (2009): Intermittent partial surface wetting and its effect

temperatures and egg production of white brown domestic [avi :
e Poult. Sci., 50, 33-38. aying hens in

Kahramat

pstal > ody-surfa
§ f\l:\glya (Turkey)- BE

uncil (NRC) (1994): Nutrient requirements of Poultry, 7th revised edii ,
earigcggemy press, Washington. D.C. 1994, o
A Schummer and Seiferle, E.(1977): Anatomy of the Domestic Birds.Berlin: Verlag Paul

par¢ 5 : :
W.(2000): Effect of stocking density of broilers on temperature in litter and at

el,
Reitefs };.?g(}?ve‘;s Archv.Fuer.Geﬂugelkunde, 64:204-206.
: ;

p.F. (1955): Evolution of climatic adaptation in homeotherms. Evolution 9: 15-26.

. al RE
Natio™ Nationa

SchOlander’
P, yalcin, S
relatedto brot
: Land Steen J.B.(1965): The importance of the legs in the thermoregulation of birds. Acta
teen, 1. 7

Physiol. Stand. 63:285-29 1.
EF. and El-Gammal, SM. (2012): Anatomical studies on the venous
lvic limb of the chicken. Kafrelsheikh Vet. Med. 1., 10, 277-513.

§.. Turkmut, L.,Ozkan, S.,andCahanar, A. (1999): Season by genotype interaction

Settar, Jer growth rate and heat tolerance. Poult. Sci., 78, 1353-1358.

swielim, G.A., Khalifa,

drainage of the pe ‘ |

elim. G.A., Khalifa E.F. and El-Gammal, S.M. (2012): Anatomical studies on the arterial blood
Swiehm, G.A., , E.F.

supply of the pelvic limb of the chicken. SCVMJ, XVII (2).

103



Khalifa, I L. Bthntlonm\dnm"hn_ o Beojly

3 e : SN aealil) Aa fpannad
) gy sl S pluall yandd (oo pil &4 Opanaill glayg
o chgpall sl i) i,
b
"M AN i pudd g U 23 gl
§ palill dnals ’JJMI@]’@K!@)&J/%J”) inaf!fu‘ r !{hw,c,), ]

o (ye pmndd ooyt sl el aly opanll glad (o Laan gall 48 gLl il il &6 put 4 2

g‘j@):‘.:ip}m,()u\..)‘Ml@@j,ﬁuwswucmw)I_L‘,.."&!Huﬁ
i LeINa pia gy 70 550 Lyl Cadd Lagha JSI 50 e gyl e ) e gasdl , o

)
hﬁ_ﬁ“\d&uﬁéd&hﬂ\mﬂ|w)h‘))§‘dg&u\0 e Sl ey m,ﬁl%mw‘qn‘

sl o el pulan ) ALaYL A ol gl caxigh da ¥y iVl 3t sl gz ,Lm
sl 32a) a y25 i i el ga] @Sl dinay (SIRN ypall Lundy (Gl el g —y
aad1 sl sl oUaddl Jilaall) oy po b QS Qs A O Cpanill laa (3 da N 1
Sy Ac gane JS (a b V0 S DA (e sl Gl paiill s J ALSYL 69530 5 )54 0:“':;}4;.;
il ddu JSy P <0.05 Aasd calS  abiadll Q\cy_adlg};igs)ulmylgiig)iuﬁumtn@u;;y
A1 atea g Laiy oli2l) 8 Bie Chunall e pana (8 el Aain¥l g da )18 olsba a5 9433 £0.94, kel Gy
2003 + e (39 o gia o) oLl Ao gana Cila Cun Csall e gana (o (ol Ay gina ()8 oLl L yasa i
Ja 0 3y Al gl 8305 el o3y fan 3532 % 10,5 e @Dlgius) Jaus gia Sl cibie | i 0 i iy 1075
53 al) e 8 el LY LYY Ja )3 a5l i eally (s pall 2R (g pAl oo g B e il i
pprn ] Ml,_,j_,sthll;_,\_,;l;_qu.huﬂl_,‘,...gl 5l 0 ekl oy

104




