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1 Abstract 
The development of the avian embryo is dependent of heat provisioning from the parents. To 

increase the heat transfer to a cooled egg the Zebra finch females develop a brood patch. Mild 

cooling generally constricts the blood vessels but the Arterio-venous anastomoses (AVA) in 

the brood patch in birds dilate. This is called cold-induced vasodilation CIVD. The Zebra 

finches were anesthetized with isoflurane and the brood patch was stimulated with a cooling 

probe set at 20-21 °C. Differences in the vascular changes to cooling in broody and non- 

broody birds were studied by comparing males and broody females. The brood patch skin was 

cooled, but no cold-induced vasodilation (CIVD) was documented for the males or the broody 

females. Isoflurane anesthesia depresses the sympathetic nervous system activity and the 

results support that the mechanism for CIVD in the brood patch of Zebra finches depends on a 

neural pathway, but does not exclude a local non-neural mechanism.   

 

1.1 Keywords  
Brood patch, broody, cold-induced vasodilation, mechanism, non-broody, Zebra finch 

 

2 Introduction 
 

2.1 Zebra finch incubation 
Both sexes in Zebra finches (Taeniopygia guttata) incubate the eggs during the day, but 

during the night the female incubate the nest alone (Zann and Rosetto, 1991). The incubation 

period for Zebra finches caught in the wild is 11-15 days (Zann and Rosetto, 1991). Zann and 

Rosetto (1991) documented that once the fourth or last egg for the Zebra finches was laid full 

incubation started, meaning that the attentiveness increased and the incubation temperature 

for the eggs increased from around 33˚C on average to 37±0.63 °C. Full incubation 

synchronizes the hatching of the eggs. 

   Optimal range for embryonic development in birds is 37-38 °C, there is no embryonic 

development at temperature below 25-27 °C this is called physiological zero (White and 

Kinney 1974). It is important for the bird to maintain the optimal incubation temperature 

because incubation for any protracted period between physiological zero and optimal range 

could results in various developmental abnormalities (White and Kinney 1974). 

 

2.2 The brood patch 
The development of the avian embryo is dependent on external heat from the parent. To 

enhance the heat transfer and maintain the optimal incubation temperature for the eggs 

morphological changes occur in the brood patch of the incubating birds. In Zebra finches only 

the female develops a brood patch, (Zann and Rosetto, 1991), which is located on the ventral 

apterium on the abdomen (Kern and Coruzzi, 1979; Bailey, 1952; Lea and Klandorf, 2002). 

The brood patch formation can be characterized by a number of stages that correlates with the 

stages of the nesting cycle. 

   Stage I: The feathers, mainly the down feathers on the ventral apterium are shed (Kern and 

Coruzzi, 1979; Bailey, 1952). Non-incubating birds have more than 20 down feathers. The 

loss of feathers is due to a molt from hormonal influence (Bailey, 1952). The defeathering 

starts when the nest is constructed (Lea and Klandorf, 2002) and is at its maximum before the 

clutch is complete (Zann and Rosetto, 1991). 

   Stage II:  Vascularization in the brood patch increases, (Kern and Coruzzi, 1979; Bailey, 

1952) associated with hormonal changes (Lea and Klandorf, 2002). Both the size and the 

number of capillaries and smaller veins increase. Feather papillae disappear and edema in the 

dermis starts (Bailey, 1952). 
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   Stage III: Edema is visible with puffy and wrinkled skin (Bailey, 1952). The skin becomes 

several times thicker than in non-incubating birds. In the epidermis Stratum germinatium 

undergo hyperplasia and hypertrophy (Kern and Coruzzi, 1979; Lea and Klandorf, 2002) 

and Stratum corneum thickens 2-5 folds (Lea and Klandorf, 2002). In the dermis the Areolar 

zone acquires interstitial fluid in a fluid filled sac (Kern and Coruzzi, 1979). Stage III last 

throughout the incubation and during brooding of the hatched young (Bailey, 1952). 

   Stage IV: The recovery stage is a gradual process. The skin is wrinkled and scaly and some 

large vessels stand out prominently, but will decrease in time (Bailey, 1952). 

 

2.3 Thermoregulation in the brood patch 
Many studies have been done on cooling the brood patch of birds and looking at behavior and 

physiological changes. Franks (1967) could see that when the eggs were cooled the birds 

adjust their contact between the egg and their skin and nest attentiveness increased. Different 

physiological changes to increase heat production occur when the eggs are cooled. The birds 

start shivering and the feathers are elevated (Tøien et al., 1986; Franks, 1967). The oxygen 

consumption (Tøien et al., 1986; Vleck, 1981), metabolic rate (Vleck, 1981) and heart rate 

(Tøien et al., 1986; Brummermann and Reinertsen, 1992) increase more in incubating bird 

than non-incubating birds when the eggs are cooled. 

 
 2.3.1 Cold induced vasodilation - CIVD 

Mild cooling on the skin generally decreases blood flow due to vasoconstriction. Midtgård et 

al. (1985) looked at the cutaneous and subcutaneous 
133

Xe washout rate in Bantam hens, 

Gallus gallus domesticus. They found that the vasculature in the brood patch responded with 

vasodilatation to cooling from egg with the temperature of 5-10 °C. This is called cold-

induced vasodilation (CIVD). CIVD is important for birds to provide heat transfer to the egg 

at low ambient temperature or when a parent returns to cool eggs to facilitate faster 

rewarming. CIVD is a local response and the adjacent areas respond with a vasoconstriction 

(Midtgård et al., 1985). This can be in advantage when the eggs in a clutch are warmed, heat 

can be distributed preferentially to a cold egg and the temperature difference between the eggs 

in the clutch decreases (Midtgård et al., 1985). 

   Brummermann and Reinertsen (1991, 1992) cooled the brood patched of the Bantam hen 

with an aluminum box that was circulated with temperature controlled water. They compared 

broody and non-broody hens and could demonstrate a more intense vasodilatation for the 

broody hens when the thoracic skin was cooled from 35-25 °C.  

   CIVD has also been seen for example in the human’s hands (Roustit et al., 2010; Mekjavic 

et al 2008) and in the feet of the giant fulmar, Macronectes giganteus (Johansen and Millard, 

1974). In the Zebra finches it has not yet been documented that mild cooling of the brood 

patch gives CIVD. 

 
2.3.2 Involvement of arterio-venous anastomoses (AVA) in CIVD 

Flow in cutaneous blood vessels is usually divided in nutrient share flow and shunt flow 

(Brummermann and Reinertsen, 1992). Nutrient share is carried out mainly by the capillaries 

and exchange nutrients, metabolic products and blood gases with tissue fluids. The shunt flow 

carried out mainly by arterio-venous anastomoses (AVA) is responsible for thermoregulation 

(Peltonen & Pyörnilä, 2004; Brummermann and Reinertsen, 1992; Midtgård, 1985; 

Berardesca et al., 2002). AVA is large vessels and allows blood from the arterioles to be 

shunted to venues without passing the capillaries. This allows the local blood flow to be high 

without overburdening the capillary net (Midtgård, 1985). AVA is located in numerous places 

in birds for example in thoracic skin, waffles and eye lid of the domestic fowl, Gallus 

domesticus (Midtgård, 1984). AVA has also been found in vascular bed of the brood patch in 
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herring gulls, Larus argentatus  (Midtgård, 1985) and in the brood patch of the Bantam hens 

(Midtgård, 1988). 

   AVA is thought to be involved in CIVD. The indirect evidence for that cited by Daanen 

(2003) comes from the findings that CIVD mainly occurs at the AVA locations and the blood 

flow through the capillaries is insufficient to explain the magnitude of heat transfer found 

during CIVD. In Midtgård et al. (1985) they found AVA mediated CIVD reaction to cold in 

bantam hens. It has not been documented but AVA could be involved in a possible CIVD in 

the brood patch of the Zebra finches and be important for the heat transfer from the parent 

skin to the egg. 

 
2.3.3 The mechanism of CIVD 

The mechanism for blood flow control in birds and the mechanism for CIVD have not yet 

been established (Peltonen & Pyörnilä, 2004). The mechanism for CIVD depends on species, 

skin site and acclimation that seem to affect the local CIVD reaction by modifying the 

sensitivity of the skin to thermal stimuli (Peltonen & Pyörnilä, 2004). 

    There have been a lot of studies and debates if the CIVD is a neural or/and a local response.  

Daanen (2003) found that the AVA was under the influence of the sympathetic nervous 

system. One hypothesis is that the CIVD in the AVA in birds is a reaction of the release of 

vasomotor tone, the α-adrenergic tone (Hillman et al., 1982; Peltonen & Pyörnilä, 2004).  

Additional to a neural mechanism CIVD is believed to have a local mechanism independent 

from nerves (Peltonen & Pyörnilä, 2004).  

 

2.4 Aims and hypothesis of the study 
Cold-induced vasodilatation in brood patch of zebra finches has not yet been documented. 

This thesis aims to study the temperature and vasculatory response to mild cooling of the 

brood patch of broody and non-broody Zebra finches.  

 Hypothesis 1 is that mild cooling of the brood patch will trigger a local increase of 

temperature and vasculature in the brood patch, due to cold-induced vasodilatation.  

 Hypothesis 2 is that there will be a higher response to mild cooling in broody females 

than males.  

 

3 Material and methods  
 

3.1 Animal handling 
 
3.1.1 Living condition for the Zebra finches 

When the study started there were a total of 31 Zebra finches, 14 adult females, 10 adult 

males and 7 fledglings. During the period of this study one female died and 9 hatchlings 

fletched the nests making it to a total of 39 birds in the cage.  

    The breeding cage for the Zebra finches was 2.16 x 2.17 m wide and 2 m high. It was made 

of a wooden frame and covered with a chicken wire with mesh size of 12 x 12 mm. On one 

side of the cage a particle board was mounted with ten entrances, with a diameter of 40 mm. 

On the backside of the entrance teen nest with an inner measurement of 9 x 9 x 9 cm were 

attached. The nest was detachable from the wall and the roof of the nest is also detachable, to 

facilitate the control of the nests.  

   The cage floor was covered with soil and in the middle of the study some rhubarb, Rheum 

rhabarbarum were planted to stimulate the natural living condition of the birds. Cocosfibers 

and string fibers were supplied on the cage floor as nest building material. The bird cage stood 

in a temperature and light controlled green house. The temperature fluctuated between a night 

temperature down to 19 °C and ~30 °C during the day. The birds were kept at a minimum of 
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12 hour light. Lamps were on 7 am.-7 pm. and during the spring in south Sweden the natural 

daylight becomes longer than 12 hours. 

   The Zebra finches had free access to water and food in form of mixed seeds (Fink mix, 

Imazo AB, Vara, Sweden). Twice a week they were given two boiled eggs, grind egg shells 

and sprouted Mung beens (Vigna radiata) and alfalfa (Medicago sativa) hacked together on a 

plate. The water tray was automatically refilling four times a day and cleaned when needed.  

 
3.1.2 Bird monitoring 

Every day the nests were examined by counting the number of eggs and hatchlings and the 

nest was observed on how much the Zebra finches have built. 

   To identify the Zebra finches all the birds were marked with color rings around their legs. 

The Zebra finches had a microchip (Electronic transponder, TX148511B, Destron Fearing, 

Boise) implanted subcutaneously in their back between the wings. The nest attendance was 

monitored by placing a microchip reader (Portable transceiver system, FS 2001 F-ISO, 

Newport) outside the nest. The microchip reader was set on continuous mode and scanned for 

microchips every 15 second. The recorded data points were transferred to a computer by the 

data program hyperterminal (Version 5.1, Microsoft Corporation, Hillgraeve inc.), and gave 

information of which bird had been in the nest and for how long time they had stayed there. 

 

3.2 Brood patch scoring  
In the beginning of the study we analyzed the brood patch development of different birds and 

design a brood patch scoring protocol (table 1). Zebra finches were caught and held on their 

backs in one of the examiners hand. We examined the amount of feathers on the thorax and 

abdomen. The temperature of the brood patched was measured with an IR thermometer (68 

Infrared thermometer, Fluke Corporation, Everett). To give us a better view of the thorax and 

the abdomen a lubricant (Klick, rfsu), diluted 1:1 with water, was applied before examinations 

were performed. The puffiness and wrinkling of the brood patch were analyzed with help of a 

USB digital microscope camera (Dino-lite pro, AM-413ZT, AnMo Electronics Corporation, 

Taiwan. Data program used: DinoCapture by AnMo). The vascularization of the brood patch 

was scored by taking picture with the USB digital microscope. The USB digital microscope 

camera had a polarizing function witch made it easier to see the vascular and could provide 

descent pictures up to a magnitude of 50.  

 

3.3 Equipment 
 
3.3.1 Cooling probe 

To study the mild cooling responses of the brood patch a cooling probe was constructed. 

The cooling probe seen in figure 1 was made of a glass vial in which water, at a defined 

temperature, flowed through.    

    To make the temperature constant in the glass probe a water bath (thermostatic circulator, 

2219 multitemp 11, LKB, Bromma) was used. The flow of water was controlled with a pump 

(MiniPuls 3, Pretech instrument, Gibson, France) that transferred the water from the water 

bath trough an 11.5 cm long polythene tube (2.45 mm inner diameter and 3.70 mm outer 

diameter) connected to a pump tube (0.11 mm inner diameter, Kendall, Tyco healthcare 

groupLP, Mansfield). The pump tube was connected to another 165 cm long polythene tube 

leading the water to a glass vial (13 mm bottom diameter, 1ml E-MIL, England). 
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Figure 1. The glass probe applied on 

the brood patch of a Zebra finch. A 

silicon plug was inserted into the 

glass probe containing 2 needles and 

a thermo probe. The needles were 

connected with tubes leading water to 

and from the glass probe. The thermo 

probe seen between the needles 

measured the water temperature in 

the glass probe. The glass probe is 

held with a steel arm with two bends. 

    The polythene tube bringing the water to the glass probe 

was connected with a needle (Hypodermic needle, 1.60 x 40 

mm, B. Braun, Melsungen) driven through a silicone plug. 

A needle removing the water was also driven trough the 

silicone plug and connected to a 215 cm long polythene 

tube. To create pressure in the glass probe the needle 

leading the water in to the glass probe was placed lower in 

the probe than the needle leading the water from the glass 

probe. The water that flowed through the glass probe had an 

average speed of 23 ml min
-1.  

    Controlling the temperature of the water flowing through 

the glass vial was made possible by a temperature probe, 

(TENMA, 72-7725) that was placed trough the silicone plug 

and was secured with silicone. To reduce the ambient 

temperature effect of the water temperature in the tubes a 65 

cm insulating foam rubber tube was placed around the 

polythene tube leading water to the glass vial. 

   The Glass probe was held in place by a steel arm 

connected to a steel plate. The steel arm seen in figure 1 

had two adjustable bends making it easy to maneuver 

when the probe was applied on the brood patch in the 

experiment. 

 
3.3.2 IR thermometer and thermal camera 

The skin temperature of the brood patch was measured 

during the study with an IR thermometer and a thermal 

camera (Infracam, Flir system, Danderyd Sweden). The 

thermal camera and the IR thermometer measure the infrared radiation emitted from the 

target. Infrared energy generates from the vibration and rotation of the atoms and molecules, 

the warmer a object are the bigger are the atoms and molecules motion and more infrared 

energy is emitted. This makes it possible to measure infrared energy as a function of the 

temperature (URL1). Infrared cameras produce a thermogram from the objects radiosity. 

Radiosity is the infrared energy from the object modulated by the atmosphere, and consists of 

emitted, reflected and sometimes transmitted IR energy (URL1). The radiosity of a target can 

vary with the objects energy variations in temperature, emissivity and reflection. The sum of 

these three variables always equals 1.  In opaque object the high emissivity equals low 

radiation (URL1). For the temperature to represent the objects temperature the emissivity 

should be close to 1. An emissivity of the target lower than 0.5 gives unacceptable high 

uncertainty (URL1). The normal human skin has a high emissivity of 98% (Williams, 2009).  

   The IR thermometer was adjusted to measure object with the emissivity of 1 and the 

measured area was estimated to 0.5-1 mm in diameter. The thermal camera was estimated to 

measure an area of 0.5 mm.  

 

3.4 Experimental procedure 

 
3.4.1 Surgical plane of anesthesia and stabilization of the birds 

The Zebra finches was caught from regular aviary and kept in a smaller cage in the laboratory, 

with a cloth over the cage to calm the birds before the test was performed. The birds were 

then anesthetized with a mixture of air and isoflurane, (Isoba
®

vet. Schering-Plough Animal 

Health, Ballerup, Denmark), and the concentration of isoflurane was controlled with a gas 



6 

 

vaporizer (DrägerWerk AB, Lűbeck). The Zebra finch was anesthetized by being placing in a 

plastic bag filled with estimated 7.7 % isoflurane. To keep the bird anesthetized a mask made 

from 50 ml plastic syringe (Plastipak, Becton Dickinson, Ireland) cut at 15 ml, was put over 

the birds head. A 2.3 % mixture of isoflurane was delivered to the mask by a plastic tube.  

   The breathing frequency and the body temperature were monitored and controlled 

throughout the experiment to guarantee the depth of anesthesia and safeguard the bird 

wellbeing. To be able to register the changes in the body temperature a rectal probe was 

placed 8 mm into the cloaca. The changes in body temperature were monitored by a computer 

using chart and a physiological amplifier (Power lab 4/25T ADinstrument). Maintaining a 

stable body temperature of the Zebra finches was achieved by actively influencing the body 

temperature. The bird was laying on a heat pad (OBH Nordica, S8-S, 30 x 40 cm) that could 

be adjusted in two temperature settings. Two disposable surgery drapes (Klinidrape, Mölnlycke 

health care) were also used to minimize convective air flow around the bird. The breathing rate 

was monitored during the anesthesia discontinuously with an event switch connected to the 

Powerlab system that returned breathing frequency. If the bird had an irregular or slow breathing 

frequency the isoflurane was lowered to 1.5 % or the experiment was interrupted. When the 

bird had a stable body temperature and a breathing rate of at least ~50 breaths per minute the 

experiments were started. 

 
3.4.2 Test subjects 

Before the experiment the zebra finches’ brood patch was scored using the protocol in Table 

1. The birds were divided in three different groups, broody female, non-broody female and 

males. 6 broody females and 6 males were used to study microcirculatory responses to mild 

cooling. A control with the probe temperature close to skin temperature was made on 5 of the 

males.   

  
3.4.3 Cold probe stimulation protocol  

Before the cooling probe was applied on the brood patch the skin temperature of the brood 

patch was measured with an IR thermometer and a thermal camera and the vascularization of 

the brood patch was monitored with a USB microscope camera.  

   Water temperature in the glass probe was set on 20-21 °C for mild cooling. The probe was 

placed with a pressure around 1.5 g on the abdomen for 5 minutes. A 600 g or 5000 g 

sensitive scale (Fisher scientific SG-601 and SG-501) was placed under the heat pad to 

control the pressure exerted by the probe.   

 After the cooling probe had been removed the temperature was measured again using the IR 

thermometer and the thermal camera. The microcirculatory change was also documented with 

the USB microscope camera. The skin temperature was then measured and USB pictures were 

taken every other minute until a total of 10 minutes had past after removing the cold probe. 

 
3.4.4 Controls 

Before the cold stimulation a control experiment was made on 5 of the 6 males. The control 

experiment was studied in an attempt to exclude any eventual mechanical stress from 

applying the probe on the brood patch with a certain pressure that could cause a pressure 

induced vasodilation (PIV) (Garry et al., 2005). The control experiment was handled with the 

same protocol as for the cold probe stimulation beside that the water in the glass probe was set 

closer to the skin temperature, 30-31 °C to avoid cooling effects.    

 
3.4.5 Recovery 

When the experimental protocol was finished the rectal probe was removed and the isoflurane 

was turned off. The birds were allowed to wake up while being held in the hand of one of the 

experimenters. When the bird was clearly awake it was moved back to the small cage in the 
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laboratory to recover and stabilize for at least a half an hour before it was returned to the 

regular aviary. 

 

3.5 Statistics  
The test subject used in the study was divided in three treatment groups: broody female N=6, 

males N= 6 and control males N=5.  

  A general linear model of analysis of variance was used with one factor and one repeated 

measurement. The factor used was the different treatment groups and the repeated 

measurement was the time. For the calculation of the significance of the repeated 

measurement factor a model with a quadratic fitting was used. A general linear model of 

analysis of variance was made between broody female and males and between male and the 

control males. For one broody female (bird 1, table 2) there was a deviated value for the skin 

temperature measured with the IR thermometer 2 minutes after the probe was applied. The 

value differed with 10 °C from the other skin temperature measured during the same 

experiment protocol. This bird was discarded from the analysis with the general linear model 

of analysis of variance. 

   To analyze if there was any significance difference of the time within the groups during the 

study a 2-tailed paired t-test was used. Differences between the groups in the brood patch 

scoring (figure 3) were analyzed with a 2-tailed non-paired t-test. All results are presented as 

mean with standard deviation unless otherwise stated. The fiduciary level for the statistical tests was 

set at p<0.05. 
 

4 Results 
 

4.1 Scoring of the brood patch 
The female test subjects incubation status was assessed based on how long time she had 

incubated eggs or how old the hatchlings were. To assure the incubation status and brood 

patch development the test subject’s brood patch was scored with the protocol in table 1. The 

brood patch was scored on how much feathers there were on the thorax and abdomen, what 

the tightness and wrinkling of the skin looked like and the amount of visible blood vessels on 

the abdomen. 

 
Table 1. A brood patch scoring protocol was made by examine different Zebra finches. The protocol gives 

defeathering, edema and vascularity a minimum score of 1 and a maximum score of 5. This protocol was used 

throughout the study to score the brood patch development. 

 

Score Defeathering Edema Vacularity 

1 ~20 down feathers Normal tight 

skin 

A big vessel visible in the 

middle of thorax  

2 Feathers on both abdomen 

and thorax but less than 20 

 A big vessel in the middle of 

thorax more visible and 

branching off   

3 Less down feathers on 

abdomen 

Loose skin One other vessel visible (total 2) 

4 Less down feathers on 

thorax 

 At least two other vessels 

visible (total 3) 

5 ~No feathers on abdomen 

and thorax 

Loose fluid 

filled skin 

Vessels on abdomen shaped like 

a tree 
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Figure 2 gives a representative example on how the vessels on the brood patch looked like for 

the different scores for vascularity in table 1. The pictures show the abdomen from both males 

and females zebra finches in different incubation status. The picture with the score of 1 shows 

very little vascularization, the big blood vessel descending from the thorax, in the top of the 

picture, is visible. Pictures 2-4 shows a gradual increase in vascularization and the picture 

with the score of 5 shows a clear pronounced tree shape vascularization on the abdomen. 

 

Score 1 Score 3Score 2

Score 4 Score 5
 

 4.1.1 Test subjects 

The test subject used in the study was then divided in three groups: broody female, male and 

control male. The broody females represent the birds with the number 1-6 in the table 2, the 

males were number 7-12 and the control males used were number 8-12. In the broody female 

group there were 3 pre-broody with eggs in their ovaries and 3 post-broody that had 

hatchlings. The graph in figure 3 shows that the broody females had significantly (p<0.05) 

higher score values than the males and the control males on defeathering and vascularity, but 

not on edema. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Bird Defeathering Edema Vascularity Incubation status 

  1 4 1 3 Pre-broody 

  2 4 1 5 Pre-broody 

  3 4 3 5 Pre-broody 

  4 4 3 4 Post-broody 

  5 5 3 5 Post-broody 

  6 4 1 5 Post-broody 

  7 1 1 1 Male 

  8 1 1 1 Male 

  9 1 1 3 Male 

10 2 1 2 Male 

11 1 1 1 Male 

12 1 1 3 Male 

Figure 2. An example of the scoring for 

vascularity in the brood patch of Zebra 

finches. The vascularity was scored with 

a minimum of 1 and a maximum score of 

5. The pictures represent test subject 

with different incubation status, see table 

2: score 1 is bird 7, score 2 is bird 10, 

score 3 is bird12, score 4 is bird 4, and 

score 5 is bird 6.  

 

Table 2 The test subjects individual scoring of the brood patch and incubation state. The brood patch was 

scored in defeathering, edema and vascularity according to the protocol in table 1, with minimum 1 and 

maximum 5. The incubation state has been divided in male, pre and post-broody females. The pre- broody 

females had an egg in the ovary and the post-broody females had hatchlings. 
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4.2 Control males 
To analyze the influence of mechanical stress the males used both in the cooling experiment 

and the control group were compared by the changes in body and skin temperature and the 

vascular changes from the applying of the probe. The water in the glass probe applied on the 

control males was set at 30-31 °C and 20-21°C for the cooling experiment. 
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Figure 4a, b. Skin temperature changes on the brood patch during cooling. The temperature was measured 

before the stimulation, after stimulation then every other minute until a total of 10 minute after the probe was 

removed. (a) The skin temperature of the brood patch measured with a thermal camera on males and control 

males.  The star indicate a significant difference (P<0.05) for the control male between the before and after 

temperatures. (b) The skin temperature of the brood patch measured with an IR thermometer on the males and 

the control males. 

 

The thermal camera did not show any significant difference (p>0.05) in the skin temperature 

of the brood patch during the experiment between the control males and males (figure 4a). 

The control males skin temperature of the brood patch dropped significantly (p<0.05) after the 

probe had been applied for 5 minutes (figure 4a). The males showed a similar but not 

significant (p>0.05) pattern.  

   Figure 4b shows the skin temperature of the brood patch measured with an IR thermometer. 

Both the males and the control males’ skin temperature were rather stabile during the 

experiment. The skin temperature of the brood patch in the males was not significantly 

different (p>0.05) from the skin temperature from the control males. 

Figure 3. The test subject´s brood patch was scored according to the protocol in table 1, on defeathering 

edema and vascularity, with a minimum of 1 and a maximum score of 5. The star over the broody females 

defeathering bar indicate significance difference (p<0.05) on defeathering between the broody females both 

with male and the control males. The star over the broody females vascularity bar indicate a significant 

difference (p<0.05) on vascularity between broody female both with males and control males. 
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4.3 Body temperatures and effect of application of the cold probe 
Figure 5 show that the broody females and the males had a similar body temperature pattern 

during the experiment, but the broody females had a significant (p<0.05) higher body 

temperature than the males. The body temperatures in the control group of males stayed rather 

constant throughout the experiment (figure 5 and 6). 
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The body temperature for the males and broody females decreased rapidly and obviously 

immediately when the cold probe was applied on the brood path (figure 6). When the cold 

probe was removed the body temperature of the males and broody females rose fast and 

elevated to a higher temperature than before the cold probe was applied (figure 6). The 

control males did not showed as pronounced decrease in body temperature when the probe 

was applied on the brood patch or as a distinct increase in body temperature when the probe 

was removed, like for the males and broody females (figure 6). 
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Figure 6. The body temperature during the experiments of a representative broody female (number 6 in table 2), 

male and control male (number 11 in table 2). The arrow to the left above the graph represent when the probe 

was applied on the brood patch. The arrow to the right above the graph represent when the probe was removed. 

 

4.4 The response to cooling for males and broody females 
The cold probe covered almost the entire abdomen on the Zebra finches. The thermogram 

from the thermo camera, in figure 7, showed a clear decrease in skin temperature of the brood 

patch after the cold probe was removed. The area were the cooling probe had been applied 

became visibly darker. This decrease in skin temperature was documented both for males and 

broody females (figure 8a).  

Figure 5. The body temperature 

during the experiments of the different 

treatment groups: broody female, 

male and control male. The 

temperature was measured with a 

rectal probe before the stimulation, 

after and then every other minute until 

10 minutes after the stimulation was 

removed. 
 



11 

 

Before After

 
 

Figure 7. Thermogram from the thermo camera before and after stimulation on a broody female (Number 3 in 

table2). The temperature in the upper right corner represents an approximately 0.5 mm spot in diameter on the 

brood patch. The ring with a cross in the middle of the picture indicates the center of the spot.  
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Figure 8a, b. The skin temperature of the brood patch in the broody females and males changes during the 

experiments. The temperature was measured before the stimulation, after stimulation then every other minute 

until a total of 10 minute after the probe was removed. (a) The skin temperature of the brood patch measured 

with a thermal camera. The star indicate a significant difference (P<0.05) for the broody females between the 

before and after stimulation temperatures. (b) The skin temperature of the brood patch measured with an IR 

thermometer. 

 

The broody females and males showed a rather similar pattern for the skin temperature of the 

brood patch measured with the thermal camera (figure 8a). There was no significant 

difference (p>0.05) of the skin temperature during the experiment between the broody 

females and males. The skin temperature for the broody females decreases significantly 

(p<0.05) after the cold probe had been applied for 5 minutes (figure 8a). The males show a 

similar, but smaller drop (p>0.05) in the skin temperature after cooling than the broody 

females. After the cold probe had been removed both the broody females and males’ skin 

temperatures raised (figure 8a).  

   The broody females had a significantly (p<0.05) higher skin temperature on the brood patch 

measured with the IR thermometer than the males (figure 8b).  

 
4.4.1 Cold induced vasodilatation 

USB pictures before and after the cold probe had been applied were scored to analyze if there had 

been any cold-induced vasodilatation effect on the vessels from the cooling. The scoring was set 

according to table 3, a clear vasodilatation response was given a score of 2 and a score -2 was given 

for a clear vasoconstriction response.   
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Table 3. Score definition for the vascularization change in the brood patch.   

 

Score Definition 

 2 Clear  vasodilatation  

 1 Small vasodilatation 

 0  No difference 

-1 Small vasoconstriction 

-2 Clear vasoconstriction 

  

Neither the broody females, males nor the control males showed a clear vasodilatation 

response from the cooling (figure 9a). The broody females showed both a small vasodilatation 

and a small vasoconstriction. The males and control males showed no changes in the 

vascularization. The upper row pictures in figure 9b shows a representative female before and 

after cold stimulation. The lower row of pictures shows a representative male with a non-

visible change in vascularization.  

a. b.
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Figure 9a, b. The USB microscope pictures were scored on vascularization changes before and after the cold 

stimulation. (a) The average scoring of the vascularization change before and after the stimulation for the broody 

females, males and control males. (b) Representative USB microcopy pictures before and after the cold 

stimulation. Upper two pictures show a broody female (number 5 in table2) and the lower two pictures show a 

male (number 10 in table 2). 

 

5 Discussion 
 

5.1 Control males 
The temperature of the probe was aimed to be as close to the skin temperature of the brood 

patch to diminish any cooling effect. 30-31 °C was determined from the average temperature 

of the Zebra finch brood patch taken with the IR thermometer. The IR thermometer compared 

with the thermo camera showed ~5 °C lower skin temperatures (figure 4a and b). Langman 

(1973) reported that the skin temperature of the zebra finch was 37.3 °C for male and 37.1 °C 

for female. This concludes that the temperature used in the probe for the control group of 

males were little too low for not causing any cooling effect. 

   The slight cooling effect the control probe had did not affect the body temperature as the 

cooling probe set on 20- 21 °C for the males and broody females did (figure 5 and 6). The 

males and the broody female’s body temperature decreased obviously when the cold probe 

was applied, the control males did not showed the same clear trend. This indicates that the 

probe used for the control did not cool the entire bird as the cooling probe did (figure 6). 

When the skin temperature of the brood patch was measured with the thermo camera there 
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was a significant (p<0.05) decrease in the before and after values for the control males. The 

males cooled with the cooling probe showed a similar but not significant (p>0.05) decrease. 

The bigger decrease in skin temperature on the brood patch for the control males than the  

males seems unlikely when the control males only were cooled with 30-31°C and the males 

with 20- 21 °C.  The control experiment with was always done right after the bird had been 

anesthetized and before the cooling experiment. The bird might not have been stable enough 

before the control probe was applied and that could have affected the initial skin temperature 

measurement for the control.  

   The USB camera results (figure 9a) show that applying the control probe did not cause any 

vasodilation or vasoconstriction in the vessels in the brood patch. This concludes that 

applying the probe with a pressure of, on average, 1.5 g did not cause a vasodilation respond 

in the brood patch of the male Zebra finches.  

 

 

5.2 Thermal camera and IR thermometer 
The normal human skin has a high emissivity of 98%, which makes it a good medium for use 

infrared measurement technology (Williams, 2009). It is therefore most likely that the Zebra 

finches brood patch skin also have an emissivity around 1. 

   The IR thermometer indicated that the skin temperature of the brood patch rose after the 

cold probe had been applied, (figure 8b) which seems unlikely. The cold probe cooled the 

skin, which was visible in figure 7. Even if there would be a CIVD response the water flowing 

in the cold probe would absorb the increased heat dissipation from the enlarged vessels and 

the skin would immediately after the cold probe was removed be lower than before it was 

applied. The IR thermometer is designed for industrial use and to measure at distances of 5-8 

m. The brood patch was measured at a distance of 3-5 cm which could have made the spot 

bigger than estimated. The spot could have measured temperatures beside the brood patch 

making the values from the IR thermometer unreliable. 

  

5.3 Temperature changes during cooling of the brood patch in males and broody 

females 
 
5.3.1 The body temperatures of the males and broody females 

The thermogram in figure 7 and the graph in figure 8a showed a clear decrease of the skin 

temperature when the cold probe had been applied. This concludes that the skin of the brood 

patch was clearly cooled with the cooling probe.   

   The body temperature for the broody Bantam hen decreased when the brood patch was 

cooled in Brummermann and Reinertsen (1991),  Brummermann and Reinertsen (1992) 

Midtgård et al. (1985), and  Tøien et al. (1986) study. Brummermann and Reinertsen (1991, 

1992) observed that there was only the body temperature of the broody hens that decreased. 

This could be an effect from the absence of vasoconstriction in the brood patch in the broody 

hens that the non-broody hens displayed. In this study the body temperatures dropped for both 

the males and the broody females when the cold probe was applied and the body temperatures 

rose again when it was removed (figure 5 and 6). Brummermann and Reinertsen (1991, 1992) 

only cooled the thoracic skin from 35- 25 °C. When the temperature of the stimulation was 

too low, between 20-10 °C, or the body temperature decreased rapidly or too deeply 

Brummermann and Reinertsen (1991, 1992) could document a constriction of the brood patch 

AVA. The vasoconstriction of the AVA in the brood patch could be a defense mechanism for 

the body temperature. Decrease the non-nutrient flow and increase the muscle capillary flow 

to support increased shivering in response to the cold. Even if the Zebra finch males 
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vascoconstricted the AVA in the brood patch to prevent the body temperature to decrease, the 

low temperature and long time of the cooling probe cooled the entire body of the bird 

 
5.3.2 The brood patch skin temperature in males and broody females 

Brummermann and Reinertsen (1991, 1992) observed that the broody hen thoracic skin 

temperature decreased significantly less than the non-broody hen. The broody Bantam hens 

have an adapted adjustment to facilitate for the incubation of cooled eggs. Brummermann and 

Reinertsen (1991, 1992) found that the resting broody hens had a permanently increased non-

nutrient flow in the brood patch. This indicates a permanently increased conductance of the 

brood patch skin. When the brood patch was cooled the AVA in feet or waffles was 

constricted and the non-nutrient flow was redistributed to other non-nutrient vascular beds, 

like the AVA in the brood patch. Brummermann and Reinertsen (1991) observed with the 

permanently increased heat production and the local response that increases the blood flow 

through the AVA in the brood patch, the broody hens could keep the direct cooled skin 9.5 °C 

higher than the non- broody. 

   Figure 8a showed that there was no significant difference (p>0.05) between the males and 

the broody female in the decrease of the brood patch skin temperature. The results gain from 

this study does not exclude that that’s the case for the Zebra finches. Brummermann and 

Reinertsen (1991, 1992) cooled the thoracic skin 35 – 25°C and measured the skin 

temperature throughout the cooling with a thermocouple taped on the skin. In this study the 

brood patch skin temperature was measured before the cooling probe was applied and after 5 

minutes cooling. By only measure before and after temperatures it was not possible to see if 

the increased heat production and the dilated AVA in the brood patch of the broody females 

resulted in a lower decrease in the skin temperature at the beginning of the cooling. The 

cooling could have been too extensive and long that it cooled the broody females more than 

the increased heat production and the dilated AVA in the brood patch could have 

compensated for and the skin temperature decreased. 

   The body temperature decreased rapidly when the cold probe was applied (figure 5), to 

compensate for this decrease the heat pad was turned up to full effect. This could have 

influenced the skin temperatures of the brood patch and could have given incorrect skin 

temperature values. 

   The IR thermometer indicated that the broody female Zebra finches had a higher 

temperature than the males (figure 8b). The broody females used in this study showed a 

significant (p<0.05) higher vascularization (table 2 and figure 3) that could increase the heat 

conductance on the brood patch.  

 

5.4 Cold induced vasodilation – CIVD 
The birds breathing made it hard to obtain properly focused USB microscope pictures at the 

different times. The big arteries and veins were visible but the smaller AVA was more 

difficult to detect.  The USB microscope pictures showed no clear cold-induced vasodilation 

or vasoconstriction response to cooling not for the males nor the broody females (figure 

9a.and b).  

 
5.4.1 Anesthetizing with Isoflurane 

General anesthetics can cause vasodilation and a depression in the hypothalamic 

thermoregulatory center (Diaz and Becker, 2010). The Zebra finches were anesthetized with 

estimated 2.3 % isoflurane. Isoflurane has been shown to cause hypertension and 

vasodilatation (Seagard et al., 1984). When mongrel dogs were anesthetized in Seagard et al. 

(1984) 2.5% Isoflurane had a direct depression effect of the sympathetic efferent activity. 
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Negor et al. (2007) studied the effect of volatile anesthetic with isoflurane in humans. They 

documented that AVA that at normal temperatures are closed, opens as an effect of isoflurane  

   The isoflurane can have dilated the AVA in the brood patch before the cooling probe was 

applied. The before pictures with the USB microscope camera showed therefore a brood patch 

with already dilated vessels. A CIVD after the cooled probe was applied could have been too 

small to be visible when the AVA already was dilated.  

 
5.4.2 CIVD mechanism - neural 

There are different hypothesis how this neural mechanism cause CIVD in birds. One 

hypothesis is that the CIVD of the AVA in birds is a reaction of the release of vasomotor tone, 

the α-adrenergic tone (Hillman et al., 1982; Peltonen & Pyörnilä, 2004). Hillman et al. (1982) 

believes, besides the release of vasomotor tone, that the blood flow in the AVA in the feet of 

chicken can be controlled with active vasodilation. Johansen and Millard (1974) observed 

neural dependent blood flow change that first gave a primary short lasting response that was a 

response from cholinergic nerves. Then they documented a second longer lasting vasodilation, 

dependent on a secondary release of chemical vasodilator factor or an unknown transmitter.  

   The result in figure 9a and b show no CIVD and support the hypothesis that the mechanisms 

for CIVD in Zebra finches are controlled by sympathetic nervous system. Anesthesia with 

isoflurane could have depressed the sympathetic nervous system in the Zebra finches. When 

CIVD in the brood patch of Zebra finches are controlled by the sympathetic nervous system 

which activity are depressed the CIVD respond to cooling are depressed.  

 
5.4.3 CIVD mechanism – non-neural 

It has been suggested that cholinergic, α-adrenergic and purinergic nerves around AVA may 

be involved in the control of CIVD in the brood patch (Johansen and Millard, 1974; Hillman 

et al., 1982; Midtgård, 1988). Midtgård (1988) have also found high abundance of VIP; 

vasoactive intestinal polypeptide- immunoreactive nerves around the AVA in the brood patch 

in chickens and suggest that the neurotransmitter responsible for CIVD could be acetylcholine 

or VIP or a combination of both. This concludes that AVA in birds are innervated by both 

vasoconstrictor and dilator nerves. This makes the AVA in the brood patch in birds resemble 

the human finger where CIVD also has been documented (Roustit et al., 2010; Mekjavic et al 

2008). Kellogg (2006) discuss that a local cooling in humans mediates an initial 

vasoconstriction, when the sympathetic active vasoconstrictor nerves release norephineprine. 

The initial vasoconstrictor will then compete with a non-neural initial vasodilation response. 

Peltonen & Pyörnilä (2004) discussed a mechanism for CIVD in birds additional to the neural 

mechanism; the CIVD was induced locally by the temperature around the vessels that 

changed the vessels response to neural transmitters. Midtgård et al. (1985) blocked the nerves 

in the brood patch of Bantams hens and found that the nerves were not involved in the local 

dilatory response.   

   The anesthetic exclude the neural response and a local non-neural response would have 

been detectable in this study. The results in figure 9a show no visible CIVD, indicating that 

the mechanism for CIVD is not caused by a local non-neural response. But this study does not 

exclude that hypothesis. The cooling may have been too severe and too long which would 

have caused a vasoconstriction response instead. The Isoflurane have been shown to dilate the 

AVA in humans (Negor et al., 2007). If the AVA already are dilated in the brood patch in 

Zebra finches, local non-neural CIVD might results in too small changes in the AVA to be 

visible. 
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5.5 Summary 
The mechanical stress from the application of the probe did not cause any PIV. The cooling 

probe set on 20-21°C cooled the brood patch of the males and broody female Zebra finches. 

There was no visible CIVD in the brood patch of the Zebra finches but this study does not 

exclude the possibility. The lack of CIVD was a result from the depressed sympathetic nerve 

activity with isoflurane and support that the mechanism for CIVD in the brood patch is 

dependent on the sympathetic nervous system. The isoflurane can have caused a dilation of 

the AVA in the brood patch before the cooling probe was applied resulting in CIVD from the 

cooling was not detectable. Cooling with 20- 21 °C probe for 5 minutes was too long and the 

entire body temperature decreased rapidly and deeply, this can have caused a vasoconstriction 

of the AVA in the brood patch. This concludes that the hypothesis for a non-neural 

mechanism for CIVD in the brood patch cannot be excluded.  
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Appendix 
 
Table 4a.b. The p-values from a general linear model of analysis of variance with one factor: the treatment 

groups and one repeated measurement: time. (a) Control males vs. males calculated on IR thermometer, thermal 

camera and body temperature. (b) broody females vs. males calculated on IR thermometer, thermal camera and 

body temperature. 

 

a. 

 

 

 

 

 

b. 

 

 

 

 

 

 

Table 5. The p-value from a 2-tailed paired t-test within the groups on values from body temperature, thermo 

camera and IR thermometer before and after stimulation. The groups are broody females, males and control 

males.  

 

 Body temperature Thermo camera IR thermometer 

Broody females 0,410649 0,003318 0,217421 

Males 0,422742 0,36285 0,167168 

Control males 0,812652 0,021913 0,929304 

 

Table 6. 2-tailed non-paired t-test on values from the brood patch scoring of the test subjects, between broody 

females and males, and between broody females and control males. 

 

 Broody female vs. male Broody female vs. control males 

Defeathering 1,67592E-07 2,38388E-06 

Edema 0,075586818 0,075586818 

Vascularization 0,000374667 0,002240718 

 

 

Control male vs. male Time (quadratic) Gender Interaction (quadratic) 

IR thermometer 0,178 0,101 0,46 

Thermal camera 0,006 0,994 0,141 

Body temperature 0,015 0,663 0,508 

Broody female vs. male Time (quadratic) Gender Interaction (quadratic) 

IR thermometer 0,009 0,01 0,131 

Thermal camera 0,091 0,48 0,756 

Body temperature 0,01 0,05 0,805 


