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THERMAL REACTIONS OF BREEDS OF
L{HICKENS OF DIFFERENT COLOURS TO
HOT WEATHER

By
G. A. B. Eamar anp M, A, 8 KHALIEPA®

Four males and eight females from esch of Fayoumi breed represonting
the greyish black colour, white Baladi representing the white colour and
Fhode Taland Red representing the red colour were used to test the
thermal reactions of these breeds, Thermal reactions tested were the
temperature of body, baok skin, back feather, leg skin, wing skin,
abdomen skin, comb and respiration rate, The highea’ body and skin
tomperaturer and the least dimmal variations were observed for the
‘White Baladi, followed by the Fayoumi and BIR birds, Meanwhile,
the Fayoumi had the highest respiration rate, followed by the Baladi
than the RIR. The two pative breeds are considered to be sdapted
to hot weather of summer in Egypt. The subjection of birds to heat
stress caused them to react with the same manner, whilst the optimum
temperatures causes the differences in reaction acoording to thermo.
genesis. The flzotuation in femperaturss of the different ftems
and the difference between this item and body temperature inere-
na:s ae the distance of the region ia away from body rore.

Plumage colour of breeds may play a role in breed differencesin their thermal
‘reavtions. The White Leghorn fowls appear to tolerate the strong sunlight more
than Rhode Island Rads and the experimentally coloured White Leghorns.
‘The better hoat tolerance is probably mainly dus to the white plumage colour
in addition to other unknown factors Qhamoto ef al., (1936} Also, Austral-
«orps are more susceptible to heat than weaphite Leghorns under different envi-
ronmental temperatures and humidities, as the increase in air temperature can-
ses a pronounced inerease in body temperature in the Australorps more than in
‘the White Loghorn which may be dus to differences in colours of the birds
{Lee et al., 1945), Meanwhile, the Rhode Island Rad has a significantly long-
er average suvvival time than White Leghorn at an environmental femperature
-of 42.20C. This provides some evidence that the rule of plumage colour is
not of great significance in the relasive tolerance of foswis to high environmental
temperatures when the birds were nob exposed to direct sunlight. Aceord-
ingly in order to asesrtain the effect of plumage colour on heat tolerance in the
fowl, it is important to compare the reastion of birds of different colours
after the exposure to direct sunlight at hot weather (Randall and Hiestand,
1939 ; Yeates ef al, 1941; Ohamolo et al, 1956).

Materials a1d Methods

Three groups of birds, of different colours were used ; the Fayoumi of grey-
igh black colour (represent the dark eolour), The Baladiof white colour (repres-
ent the light colour) and Rhode Island of red colour (represent the mediam
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colour). This experiment was designed to study the effect of plumage colour
of different breeds on thermal reactions of the birds daring summer months.
Four males and eight females were used for each group, The birds of alb
groups were 0f 18 months of age. The weekly tests were done at 7-9.5 a.m.,.
at 1-3.5 p.m. and at 7-9.5 p.m., for six times during August and September
months. Respiration rate, body temperature, feather temperaturs and skin
temperatures of different regions were measured and zecorded afr temperature:
averaged 29, 35 and 280C, relative humidity averaged 64, 41 and 61%,, wind.
speed averaged £, 8 and 6 km/hr, for the three tests respectively. The:
daily average of bright sunshine was 11 hours,

Results and Discussion

The three breeds studied in this work differed in their plumage colour,.
The Baladi had white feathers, the Fayomi had dark bluish grey feathers which.
resembled the dark glossy colour in this experiment and the Rhode Tsland
Red had red feathers which resembles the dark chalky colour. In general,
the Baladi birds had the highest body temperature and skin temperatures.
followed by the Fayoumi and Rhode Island Red birds. Meanwhile, the
Fayomi had the highest vespiration rate followed by the Baladi then the
Rhode Island Red (Table 1). The Fayoumiand also the Rhode Island breeds-
had wider diurnal variations than the Baladi breed. Diurnal variations were
found to be highly significant with respect to body, feather and skin temper-
atures of abdomen, back, leg, comk, and wind regions and also respiration rate-
(Table 2). Breed differences in respiration rate, body temperature andskin
temperatures of abdomen, leg, and wing regions were found to be highly-
significant {Table 2). Bex differences in resperation rate, body, featherand.
gkin of the back and abdomen region temperatures were found to be
significant {Table 2).

The colour of feather snd gkin determines, to a certain extent, the propor-
tion of the sun’sradiation falling upon the bird which is absorbed by'the body.
The energy contained in.the sunshine falls npon the birds either dizeotly or
after reflection from the atmosphere, clouds, ground and other surrounding
objects. About one half of this energy is in the visible portion of the.
gpeotrum. 'This portion is the only part that has the effective solar energy in:
the sunghine. A white surface may absorb only 20 percent of this visible-
radiation falling upon it, whereas a black surface may absorb 80 percent.
(Lee, 1958}

With respect to temperature, the white feathers which reflects the major-.
ity of sun energy that falls upon it, also ean reflect the majority of heat that.
comes from the body to outside, so it can preserve more heat inside the body,
which causes the high temperatures of white Baladi and also the least diurnal
variations. The Fayoumi and Rhode Island Red which have dark colours
permit inside or outside more energy, so they have the lowest temperatures.
It seems that the white coloured feathers can be considered of more Insulating.
ability than dark feathers. However, the later two breeds seem to be more
affectad by the varying air temperature than the Baladi as observed by wider-
dinrnal variations than the Baladi.
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TABLE 1.~-BEEED DIFFERENCES IN DIFFERENT ITEMS STUDIED

Baladi Fayoumi RIR
Tiems Test

) Male |Female { Male |Female | Msle |Female
1 [42.41{42.3)42.2 421420 41.8
‘Body temp.oC . 2 1424 (42.2142.3 42,4 42.0 ] 42.2
3 |42.1[41.9| 420417} 41.6 | 41.7
_ 1 [40.6 | 40.5| 40.5 | 40.2 | 40.5 | 40.4
“Back skin temp.°C. . . 2 | 414/ 41.0|41.2 | 41.0{ 409 41.1
3 |40.3 [ 40.340.8{39.8|40.3 | 40.0
1 188.7]88.8{38.7/388.7]388]38.6
Back feather temp.oC, . 2 |39.9]89.7]|39.939.8]839.7] 39.7
3 ]38.938.5)39.1(38.7]38.9 384
1 | 41,17 41,1 |40.7 | 40.8 | 40.7 | 40.7
Leg skin temp.oC. . . . 2 [41.8 (415 41.6 |41.7 | 41.1 | 41.5
3 [40.840.8]40.9 | 40.6 | 40.8 | 40 .6
1 140.2|40.56{40.039.8 [ 40.2 | 40.2
‘Wing skin temp.oC. . , 2 | 41.0 ] 40.9 | 40.7 | 40.8 | 40.8 | 41.1
3 |40.0]39.7140.1 | 39.4 | 40.0 | 39.8
1 141.2]40.6 | 40.5 | 39.8 | 40.4 | 40.3
‘Abdomen skin temp.°C. 2 {419 41,0 41.4({41.0] 40.9 | 41.1
3 |40.8) 40.2 ] 40.6 | 39.8 | 40.3 | 40.1
1 |35.936.7)|35.5)|35.8]36.3|37.5
‘Comb temp.2C. , . . . s 2 |33.738.5)38.7 383|385 39.0
[| 8 [36.9]36.4]|362)36.1|35.6/366
1 | 81 | 48 | 45 | 48 | 27 | 36
Respiration rate 2 34 46 46 60 27 42
: 3 (26 | 88 | 45 | 47 | 23 | 39

The Fayoumi baing more adapted to the wide variations in air temper-
ature which is normal in Bgypt, has raised his regpiration greatly to minimize
the variation in temperature inside his body and on his skin, The Rhode
Istand baing not adapted to these environments, cannot raise his Tespiration
rate. The two native breeds seem to bs adapted to normal environmental
conditions but through two different functions ; the Fayoumi through raising
-his repiration rate, while the Baladi through its white colour which serves ag
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an insulating layer. Also, the observed higher tolerance of the White Leghorm:
to the stormy sunlight more than the Rhode Tsland Red {Ohamoto, e ol.,
1956) seems to be due to the higher insulating fanction of white colour than.
the dark colour of festhers. To ascertain the effect of plumage colour on, heat.
regulating reactions, further studies should be done under direct exposure to:
sunlight for different colours of birds from the same breed.

TABLE 2.—ANALYSIS OF VARIANCE OF THE EFFECT OF FEATHER COLOUR:

ON HEAT REGULATING REACTIONS.

Source ¢l variation .

Ttems d.f. Breed Diurnal Hex “Error
2 2 1 354
M. 8 3.9755|  6.3719]  1.0026| 0.1040
Cloacal Terap. °C . . ; T value 38, 23%# 61, 27%x 9, G4x*
. M 0.2928| 43.8908|  $.6199| 0.6202.
Bacl feather Temp c% Fovalue | 047 | T0.77%% 584 0
M.S. 7.39930  29.6206]  20.2590 0.4016:
Abdomen Temp. °C . } . value| 18.93%%| 73.76%|  50.45%*
) . M.8, 1.8877|  21.9442({  0.0588| 0.3545.
Leg Temp. °C . . - $ip o | 5lsgs#| 61.00%%  0.17
: M.S. 0.829 | 24.5797|  6.2409] 0.4277
Back skin Temsp-°C - § \p o | 1197 | 5T.46%|  1459%
: . M. 8. 1.9145]  33.0314]  0.5445| 0.4147
Wing Temp. °C. . § ¥. value 4.62%%  79.65%%  1.31
. M.8. | 6.8884| 9231.7847]  6.0840) 3.155%
Comb Temp. °C 3 F.value | 2.18 | 73.46%  1.93
Respiration - M.S. | 9568.8361| 1678.6361| 8614.2249| 753.194Y
RateMinute . , . . .|F.value | 127.26%%  22.32%% 114.56%%
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The sex diffsrences obsarved in this siudy are mainly due to the differences
between the physiological functions of males and females which have been
previoualy discussed,

When air temperature riges at noon during the hot montha of experiment,

namely, August and September (35-40°C), the differencss batween breeds dimin-
‘ishes with respect to the temperatures of the body or the different body regions,
Tt seems that when the birds are subjested to heat stress, they react with the
same manner with respect to either body, skin or feather temperatures giving
almost the same temperatures. Cooling by, evaporative is the only pathway
for dispating the exoess of heat, which rises greatly at noon test. Accordingly,
the bird’s ability to withstand high environmental tempratures depends on
‘the increase in its number of breaths. The efficiency and capacity of the
lungs and air sacs in different breeds under different environments is sugge-
sted to bs studied in relation to heat regulating mechanism. This is obvious
‘when the three breeds used were compared. The two native breeds showed
the highest respiration rates, whilst the Rhodes showed the least.

At the optimum level of air temperature, the temperatures of the brids
are within the thermoneutral levels and the differences which occcurs st this
-6ade are due to thermogenesis. Accordingly, most of the differences observed
‘between breeds were found at the morning and evening tests when air
‘temperabures were at almost optimum levels (20-250C),

The inner part of the body is designated as the core, in which most of -
‘the thermogensis ocours. In this part the fluctuations in tempertaure are
minjmized. The outer part is designated asthe coat and consists of the
feathers and skin, The coat is of characteristic importance in contzolling
heat exchange according to ifs low, bright controllable, thermal conductance
which makes it effectively a layer of variable insulation. The efficiency of
‘this insulation varies in different parts of the coat as a function of both the
structure of the layer and its curvature. The oil sacreted by the uropegeal
.gland may play a role in thermoregulation of birds. The increase in the
efficiency of insulating proporties of a region narrows the differences between
this region and body temperatures as found in abdomen skin and leg skin
temperatures. Back skin and wring skin being of less insulating efficiency
were of lower tempratures than the body and the flucuationsthat ocours in
these portions were more related to the air temperature. The differences
in temperatures between the outer part of coat which is the back feather
-and body were high, and again the {lucutations in the both feather tempe-
rature were more relatod to air rather than body temperatures. The comb
being an unfeathered portion playe an important role in heat digsipation.
Its temperature is almost alike that of air temperature and most-of varie
ations that ocours in air temperature are synchrionized by similar variations
in comb temperature,

TAR. 7. Anim. Prod., 10, No, 1 (1970).
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