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ABSTRACT 

Global climate models project a 1.5-4oC increase in the Earth’s temperature by 2100. Africa, 

especially southern Africa, is expected to experience not only an increase in average 

temperatures but also an increase in the frequency and duration of extreme temperature events. 

Increasing temperatures will result in increased vulnerability to heat and drought stress to 

biodiversity. A recent paper by Cunningham et al. (2013) showed that temperature has a 

negative effect on daily mass gain in the nestlings of Common Fiscal (Lanius collaris) breeding 

in the southern Kalahari. This effect may be driven by parents modifying their provisioning 

rates at high temperature, but the mechanisms underpinning the relationship are not known. I 

investigate the influence of temperature on parental investment in Common Fiscal and the 

consequences of high temperatures for nestling growth using data from videos that were filmed 

in the Kalahari, Northern Cape, South Africa. Daily mass gain by nestlings increased with 

increasing provisioning rate and decreased in relation to the proportion of time chicks spent 

panting. Prey provisioning decreased with temperature in larger broods, however, there was no 

evidence to suggest that parents trade off provisioning and nest attendance. This might mean 

that prey availability is reduced at high temperatures, or that parents prioritise their own 

thermoregulation over provisioning. However, sex-specific analysis of provisioning showed 

that adult female provisioning decreased with temperature for younger nestlings (six-day) and 

increased slightly for older nestlings (14-days old). On the other hand, male provisioning 

decreased with temperature for both young and old nestlings. Both male and female parents 

altered their parental care behaviour in response to temperature, and appeared to respond to 

one another’s decisions when so doing. The influence of temperature on parental behaviours 

such as provisioning rate, and nestling physiological processes such as panting, had negative 

consequences for nestling growth. Panting is an energetic process which expends a lot of 

energy for thermoregulation at high temperature. Prey provisioning, which was supposed to 
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cater for the additional energy requirements during panting, however decreased with 

temperature posing serious constraints on nestlings’ daily mass gain and growth. 

Understanding the effect of temperature on species behaviour and physiological mechanisms 

will help us to understand the effects of climate on species’ fitness and survival.    
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INTRODUCTION 
 

Climate Change and birds 

Warming of the Earth’s climate is now undisputed (Alexander 2006; Kruger and Sekele2012; 

IPCC 2006). The 20th century experienced about 0.6oC increase in temperature (Christensen 

et al. 2007), the first decade of the 21st century was the warmest in recorded history (Hansen 

and Soto 2012), and an increase of about 0.2oC per decade is projected by the IPCC for the 

next two decades (IPCC 2006). Global climate models project a 1.5-4oC increase in the Earth’s 

average temperature by 2100 (Solomon 2007; World Bank 2012).  

Africa, and especially southern Africa, is expected to experience not only an increase in average 

temperatures but also in the frequency and duration of extreme temperature events (Christensen 

et al. 2007). In this region, the Kalahari is expected to experience the largest temperature 

increase (Moise and Hudson 2008). In South Africa it is predicted that biodiversity will be 

affected due to heat stress and habitat loss, especially in semi-arid regions of the Northern Cape 

and parts of the Western Cape (Christensen et al. 2007; Kruger and Sekele 2012; Kruger and 

Shongwe 2004). For this reason climate change poses an imminent risk to the birds of South 

Africa’s semi-arid and arid zones. 

Increasing temperatures will result in increased vulnerability to heat and drought stress which 

will likely lead to increased mortality and species extinction (Parmesan and Yohe 2003; World 

Bank 2012). Birds and other endotherms respond to increasing temperatures through 

behavioural, physiological and structural adjustments for thermoregulation (Calder and King 

1974; Wolf 2000), with potential impacts on their fitness (Miller and Stillman 2012). For 

example, more water and energy expended on thermoregulation means that there is less to 

invest in raising offspring or maintaining a constant body condition (Dawson 1982). This trade 
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off might also affect survivorship if thermoregulation is prioritised over flying away from 

approaching predators (Martin 1988; Valeix et al. 2008).  

Effects of temperature on endotherms 

Endothermic animals have the ability to self-regulate their internal temperature within a narrow 

range which is usually higher than the external environment (Scholander et al. 1954). In very 

hot conditions, however, when ambient temperatures approach or exceed body temperature, 

there is a threat of hyperthermia or overheating, which may induce mass mortalities (Finlayson 

1932; Welbergen et al. 2008; Towie 2009; Towie 2010). Under these conditions, endotherms 

must make physiological and/or behavioural adjustments to increase heat loss and maintain a 

fairly constant internal temperature. Although facultative hyperthermia, allowing body 

temperature to increase, is another strategy that endotherms such as mammals can use, this 

scope is limited in birds which tend to have higher body temperature than mammals 

(McKechnie and Wolf 2010). Therefore heat loss is mainly achieved through evaporative 

cooling, e.g. panting, or by vasodilation which facilitates heat loss from the skin by convection 

and radiation, although this is only viable when ambient temperatures are less than body 

temperature (Terblanch et al. 2009; Calder and King 1974).  Complementing the physiological 

adjustments are behavioural thermoregulatory mechanisms which include moving into the 

shade in order to reduce direct exposure from the sun, or postural changes to increase 

convective heat loss as long as ambient temperatures remain below body temperature (Wolf 

2000).   

Endotherms depend on an optimal threshold, or ‘critical tolerance limit’, and can survive only 

for a very short time if this critical tolerance limit is exceeded (Miller and Stillman 2012). In 

order to understand how different organisms respond differently to environmental changes like 

temperature, fitness or the lifetime reproductive success of the organism must ideally be 
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measured (ditto). However, since it is difficult to measure fitness (Pianka 1976), performance 

indices such as growth rate, and respiration rates are therefore used to proxy fitness (Huey and 

Kingsolver 1989; Spicer and Gaston 1999; Pörtner et al. 2006; Angilletta 2009).  Performance 

typically is maximised under a range of optimal temperatures (the “thermoneutral zone” or 

TNZ) and declines at temperatures outside of the TNZ (Miller and Stillman 2012). In 

endotherms, basal metabolism is minimal within the TNZ, increasing at temperatures above 

and below the TNZ as endotherms increase their metabolic rate to maintain a constant body 

temperature through physiological responses (e.g. shivering to warm, or sweating/panting to 

cool) (Hey 1975; Miller and Stillman 2012). Laboratory-based estimates of TNZ are not always 

observed in the field because free ranging animals can respond to increasing temperature 

through behavioural mechanisms like changing posture and moving away from direct heat 

exposure into shade with no increase in metabolic cost (Cossins and Bowler 1987; Crawshaw 

1980). These behavioural thermoregulation mechanisms may, however, come with a cost to 

foraging and other behaviours. Hence energetic benefits are not always realised when 

regulating temperature behaviourally (Fernandez et al. 2002). 

As global temperatures rise, organisms can either adapt or die (Williams et al. 2008; Hughes 

2000). Hughes (2000) highlighted that climate change is already affecting many organisms’ 

physiology, distribution and phenology. High temperatures can impact directly on survival and 

fitness of organisms as a result of physiological effects (Hoffman 2010). For example, the 

survival of desert dwelling banner-tailed kangaroo rats (Dipodomys spectabilis) is jeopardised 

by exposure to high temperatures (Moses et al. 2012).  

In Australia, extreme heat waves are increasing in frequency, causing mass die-offs with recent 

occurrences in 2009, 2010 and 2012 being responsible for the death of thousands of birds 

(Towie 2009; Towie 2010; McKechnie et al. 2012). Such events are not confined to Australia 
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only, with cases recorded in the American south-west, India and South Africa, albeit not on the 

same large scale (Miller 1963; McKechnie et al. 2012).  

Implications of increasing temperature for birds’ prey 

Many terrestrial bird species are largely insectivorous (Stratford and Stouffer 1999), and most 

insects are ectothermic (Deutsch et al. 2008). Hence, they are likely to be affected differently 

by temperature because they cannot use the same physiological mechanisms for 

thermoregulation as endotherms (Liu et al. 1995). Ectotherms are organisms whose body 

temperature is determined by the environment, and thus there is a link between ambient 

temperature and their metabolic rate (Hertz et al. 1988). For this reason, extreme fluctuations 

in environmental temperatures can cause major stress or upset their internal regulatory systems 

(Deutsch et al. 2008). Ectotherms constitute the majority of terrestrial biodiversity (Wilson 

1992), and are most likely to be adversely affected by climate change because their basic 

physiological functions such as locomotion, growth and reproduction strongly depend on the 

environmental temperature (Deutsch et al. 2008). For example, local population declines and 

extinctions of Sclereporus lizard in Mexico have been attributed to rising temperatures which 

result in the lizards spending much time in the shade rather than foraging during the breeding 

season, when female energy demands peak (Sinervo et al. 2010). Although insects can make 

behavioural alterations, similar to endotherms, to reduce direct heat exposure, reduction in prey 

availability for insectivorous birds means reduction in water intake, since they get most water 

from their prey (Willmer 1982).  

Effects of temperature on offspring growth: the role of parental care 

Extremely hot conditions have led to breeding failures in some birds (Bolger et al. 2005; Crick 

2004). Although some studies have attributed these failures to phenological changes in the 

onset of breeding, (e.g. in great tits, Parus major, Visser et al. 2009), in other circumstances 
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the mechanisms remain poorly understood (Dunn and Winkler 2010; Sutherland et al. 2004). 

Temperature affects birds not only by altering their metabolic rates but also through indirect 

effects on the birds’ behaviour and that of their prey. This affects their ability to forage and the 

ability to carry out other essential behaviours, such as courtship (Crick 2004). Temperature can 

also affect breeding success through starvation of the offspring (Newton 1998). Therefore 

prolonged extreme weather can result in catastrophic effects on bird populations (Stenseth et 

al. 2002).  Climate change is already causing changes in the phenology of some birds, 

especially in timing of migration and nesting (Robinson et al. 2009). As a result of these 

phenological miscues, some migratory birds respond inappropriately to changing conditions, 

while in others there is no response at all to climate change (Crick 2004). A study by Altewegg 

et al. (2012) found that, as a result of climate change, swallows are now leaving northern parts 

of South Africa eight days earlier than they did twenty years ago, and are shortening their stay 

in areas where they previously stayed longer.  

In altricial birds, parents must expend considerable effort and energy on thermoregulation and 

prey provisioning for the chicks (Luck 2001). This might become increasingly difficult if a 

warming climate increases their own thermoregulatory costs while potentially also decreasing 

prey availability. The provision of parental care must be viewed in the context of life history 

trade-offs and sexual conflict over parental care (Székely and Cuthill 1999). In extremely hot 

and resource-poor environments, biparental provisioning and caring of the chicks might be 

required in order to meet thermoregulatory requirements and increase the chances of offspring 

survival (Rankin 2007; Luck 2001). Biparenting is not only for the benefit of the offspring but 

it also help the parents to cope with heat stress themselves whilst relieving each other (Al 

Rashidi et al. 2010). As such, biparental care might then be triggered by the local ambient 

temperature as in Kentish plovers (Charadrius alexandrines), with extreme heat accounting for 

an increase in incubation time for both parents (Vinzce et al. 2013).    
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Although in monogamous species parents cooperate to rear their offspring, there is also an 

element of conflict because the benefit of care is shared between the biological parents, but the 

cost of care is born by each individual parent (Rankin 2007). For example, in Kentish Plovers 

the female commonly deserts the brood after incubation, leaving the male to raise the offspring 

alone (Warriner et al. 1986; Székely and Williams 1995). This means some broods are raised 

by both parents whereas others are raised by the male parent alone, which has implications on 

parental ability to meet the nestlings’ thermoregulatory demands (Szekely and Cuthill 1999). 

In nestlings which are burdened by reduced parental care and increased thermoregulatory costs 

at high temperatures, growth rate may be reduced (Michaud and Leonard 2000; May and Lott 

2001). However, as temperatures rise, parental cooperation in raising the nestlings may be 

increased with parents balancing between provisioning and thermoregulation in order to 

improve nestlings’ fitness and survival (Luck 2001). In some arid zone passerine species, rising 

temperatures have been noted to cause reduced provisioning rates to chicks (Goodbred and 

Holmes 1996; Cunningham et al. 2013; Ricklefs and Wikelski 2002; Monaghan 2008). On the 

other hand, nest attendance behaviour by parents can reduce the direct effects of temperature 

by shading and brooding the nestlings. But if they have to trade off provisioning with nest 

attendance, this may result in an increase in indirect effects on energy/water intake (Ford et al. 

2001). 

The frequency and intensity of heat waves are predicted to increase as a result of climate change 

(IPCC 2007). The effects of heat waves on biodiversity are therefore likely to increase too 

(Parmesan and Yohe 2003).While studying the effects of temperature on Common Fiscal 

(Lanius collaris) in the Kalahari, Cunningham et al. (2013) found that daily mass gain of 

nestlings decreases with temperature and there is evidence to suggest that this results, at least 

in part, from a reduction in provisioning rates by adults (Cunningham et al. 2013; Emms and 

Verbeek 1991; Hamer and Thompson 1997; James and Hamer 2000). What is striking is that 
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once affected, nestlings do not recover from the negative impacts of hot weather during the 

rapid stages of growth, in fact hot days during the nestling period result in smaller and lighter 

fledglings (Cunningham et al. 2013). Reductions in provisioning during hot weather were 

greatest for larger broods of nestlings, but reductions in daily mass gain applied to all nestlings 

regardless of brood size (Cunningham et al. 2013). Therefore, it is unclear whether reductions 

in daily mass gain by Common Fiscal nestlings are due entirely to the effects of reduced 

provisioning rate or whether there are other contributing factors. In addition to provisioning, 

the other non-mutually exclusive hypothesis may be that the direct physiological effects of 

temperature on the nestlings resulted in changes in water and energy balance, thus impacting 

on daily mass gain. While parents adjusted their provisioning rates with temperature 

(Cunningham et al. 2013), it is unknown if they traded this off with shading and brooding the 

nestlings for thermoregulation.   

Against this background, I investigated the influence of temperature on parental investment in 

Common Fiscal and how this affected nestling growth. My first aim was to determine whether 

there was a trade off between total nest attendance (brooding and shading) by the parents, and 

total daily provisioning rate as temperatures increase. In this case I predicted that total 

provisioning will be traded against nest attendance time, suggesting that if the parents are not 

hunting for food then they might be attending the nest at high temperature. With a possibility 

that males and females may be affected differently by temperature, I also determined the effect 

of temperature on sex-specific provisioning rates. I wanted to find how the trends shown by 

each of the parents related to total (combined) provisioning rates at high temperature. In 

addition to this, I also wanted to discover if each parent’s provisioning behaviour was 

influenced by the behaviour of the other parent. Furthermore, I wanted to determine if the size 

of prey brought to the nest was influenced by temperature, in order to establish whether the 
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birds were able to compensate for decrease in provisioning to some extent by increasing prey 

size or whether the impact is exacerbated because prey size also decreases. 

As parents play an important role in the thermoregulation of the nestlings, I also determined 

the effect of temperature on total nest attendance (shading and brooding). In addition, I tested 

whether there were sex-linked differences in parental responses to increasing thermoregulatory 

demands of nestlings.   Finally, I investigated how temperature affects levels of physiological 

heat stress (as indicated by panting behaviour) experienced by Common Fiscal nestlings. Both 

parental behavioural and nestlings’ physiological responses have implications on nestlings’ 

growth, therefore I investigated the effects of provisioning rate and nestlings’ panting on 

nestlings’ daily mass gain.  

By answering these questions, I hoped to elucidate the mechanisms by which increasing daily 

maximum temperature affects nestling growth. Understanding the mechanisms that link 

temperature to fitness should be valuable in predicting the impacts of rising temperatures on 

populations, by providing a direct link between climate change and demography.   
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MATERIALS AND METHODS 
 

Ethics statement 

The methods used in this study conform to the standards and expectations set by the University 

of Cape Town Animals Ethics Committee (clearance #2011/V21/PH). Permission to conduct 

the research on private land in Tswalu Kalahari Reserve was granted by the landowners and 

the Northern Cape Conservancy (permit #Fauna 1088/2011). Bird ringing and handling was 

done by experienced individuals licenced by the South African Bird Ringing Unit (SAFRING).  

Study site 

This study was carried out in a 10 km2 study area in the 100 000 ha Tswalu Kalahari Reserve, 

Northern Cape, South Africa (27o13’S, 22o22’E). Tswalu lies in a transition zone between the 

Nama-Karoo and Savannah biomes and combines sand dunes, sandy plains and Kalahari 

savannahs. The vegetation of Tswalu consists of shrubby Kalahari dune bushveld on the plains, 

Kalahari mountain bushveld on the mountains and hills and Kalahari plains thorn bushveld in 

the north and north-east (van Rooyen 1999). The Kalahari savannahs comprise sparse grasses 

(mainly Eragrostis spp., Panicum spp., and Aristida spp.) and trees and shrubs such as Acacia 

erioloba, A. haematoxylin, A. mollifera, Boscia albitrunca, Terminalia sericea, and Rhigozum 

trichotomum (Jeltsch et al. 1996). Rainfall averages about 500 mm per year, falling mainly in 

summer (October-March) when maximum daily temperatures can reach 45oC (Mares 1999; 

Silberbauer 1981). The Kalahari can also experience frost in winter between June and August 

(Silberbauer 1981). 

This study was carried out in two breeding seasons of the Common Fiscal during the austral 

summer: November 2010 – March 2011 (air temperatures range 8.7-38.7oC) and November 

2011 – February 2012, (air temperature range 9.3-39.1oC). Average daily rainfall was 4 mm in 
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2010/11 and 3 mm in 2011/12. However, rainfall was erratic with most falling heavily during 

thunderstorms interspersed with long dry periods. Meteorological data were collected using an 

onsite weather station (VantagePro 2, Davis Instruments, Hayward, California).   

Study species and population 

The Common Fiscal is a black and white shrike (Laniidae), 21–23 cm long and weighing 25–

50 g, that is widespread across sub-Saharan Africa (Sinclair and Ryan 2009). It has a 

characteristic black bill, eyes and legs, ‘V’ shaped white scapular feathers and a relatively long 

tail with white outer feathers and white tips on the other feathers. Desert races have a white 

supercilium, and partially due to this feature the Kalahari population is often regarded as a 

subspecies (L. c. subcoronatus), but genetic analyses do not support this (Fuchs et al. 2011). 

The Common Fiscal forages from exposed perches, taking a diversity of prey including insects, 

small birds, lizards, frogs, rodents and fruit (Soobramoney et al. 2004). It inhabits a wide range 

of open habitats from grasslands to Acacia thornvelds and woodlands where there are perches 

for hunting, but it avoids dense habitats (Harris 2000). Its broad habitat tolerance and diverse 

diet contribute to its success; the population is thought to be increasing (ditto), and is listed as 

least concern by the IUCN (BirdLife International 2013). 

Pairs are socially monogamous and defend a territory which may be as small as 1 ha (Sinclair 

and Ryan 2009), but at the study site, territories ranged from 3–10 ha. Established pairs are 

resident in their territory and the species is not known to make large scale movements (Hockey 

et al. 2005). During the breeding season, which usually starts in August and ends in March, the 

female commonly lays an average of 3–4 eggs in a bulky, open cup nest built in a dense shrub 

or tree. Incubation, which lasts 12–16 days, is done entirely by the female (Harris 2000).  

For this study, 54 individuals (28 males and 26 females) were captured using springtraps baited 

with giant mealworms (Zophobas morio). Birds were sexed on flank colour, which is rufous 
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only in the female. Individual birds were fitted with a unique combination of three plastic 

colour bands (JC Hughes, UK) and a uniquely numbered aluminium or Incoloy band for 

individual bird identification. Monitoring was then focused on 21 breeding pairs of colour 

banded individuals. However, two pairs contained unbanded females which were difficult to 

catch. Of the 21 pairs, 15 produced broods which survived for at least six days after hatching, 

therefore these contributed to the analyses in this study. The total number of broods for the 

analyses was 19, because four pairs contributed two broods. Only six-, ten- and 14-day old 

nestlings were used for the analyses because they had enough datasets to carry out statistical 

analyses.  

Data recording 

Parental care and nestling behaviour was quantified from video recordings which were made 

using Sony HDR-XR 160E and Panasonic SDR-S50 video cameras. The cameras were 

mounted on tripods 2-5 m from the nest at 06h00 on an observation day (defined as time 

between when the cameras were mounted in the morning and dismounted in the evening of that 

particular day). Ideally an observation day lasted for 12 hours (from 06h00–18h00), however, 

on some days this was impossible due to weather disturbances like heavy rains and 

thunderstorms which necessitated early recovery of the equipment. The aspects of parental care 

behaviour I quantified were the number of prey items delivered to each nest per observation 

day, standardised to a 12 hr day in order to correct for unequal lengths, the size of prey items 

relative to parent bill size, and nest attendance (which included brooding and shading). In the 

nestlings I quantified the percentage of time the nestlings spent panting per observation day. 

All nestlings were weighed to the nearest 0.01g on a top pan balance just prior to turning on 

the cameras in the morning, and immediately after switching them off in the evening. Each 

weighing session took approximately less than ninety seconds to complete. These data were 

used to calculate percentage increase in body mass per nestling over 12 hrs.  
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Prey size and provisioning rate  

From the videos, I estimated the prey size by classifying each prey item as either small (≤ bill 

size) or large (> bill size) using the parent’s beak as the reference for size. I extracted the total 

number of prey items fed to the chicks by both parents on an observation day. A provisioning 

event was defined as when either parent brought food to the nest and fed it to at least one 

nestling. I standardised the number of provisions to a 12 hr day by dividing the total number 

of provisions per observation day by the number of video recording hours and then multiplying 

it by 12 (this was to account for discrepancies in video recording length). Provisioning rates 

were also calculated separately for each parent.  

 Nest attendance 

I defined nest attendance as the total time spent by either parent brooding or shading the 

nestlings. Brooding is when the bird sits over and covers the nestlings and shading is when the 

bird stands in the nest or on the rim with wings open (ranges from just a little bit open to 

forming an umbrella over the whole nest), to provide shade from the sun. Both brooding and 

shading are mechanisms used by parents for aiding thermoregulation of the nestlings (Stark 

and Ricklefs 1998). I obtained the total time each parent spent either shading or brooding per 

day by recording the time at which the activity (either brooding or shading) started (ts) and 

ended (te). The difference between ts and te (seconds) was equivalent to the time spent 

undertaking the activity. I summed these times per day to determine the total time spent either 

shading or brooding per day, and used this to estimate the daily nest attendance time as a 

proportion of the total observation period.  
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Panting rates (heat dissipation) 

I defined panting as when the nestlings open their beaks and increase in the rate and amplitude 

of breathing to help dissipate heat (Salt 1964). I also recorded other signs of heat stress like 

wing spreading in the older nestlings as an indication of panting and heat dissipation. I used 

JWatcher 1.0 (Blumstein and Daniel 2007), which is a tool for quantitative analysis of a 

continuously observed behaviour, to extract panting data from the videos. JWatcher is an event 

recorder which logs time when computer keys are pressed that is used to estimate the duration 

of behaviours and intervals between them (Blumstein and Daniel 2007). I recorded when at 

least one nestling started to panting until all the nestlings stopped panting. This was summed 

for each day of observation and expressed as a percentage of the total observation period. 

Panting was only recorded during the time when the parents were not shading or brooding the 

nestlings because only then was it possible to see what was happening. 

Statistical analyses 

All analyses were conducted in the R statistical environment using packages lme4 version 

0.999375-35 for mixed effects modelling (Bates and Maechler 2010) and MuMln version 

0.13.14 for model comparisons (Barton and Barton 2013) using the dredge function which 

gives the Akaike Information Criterion (AIC) values and model weights. I also tested for over-

dispersion by comparing the residual deviance to the residual degrees of freedom in all the 

models (Zeileis et al. 2007). Using the mcp.fnc function of the LMERConvenience package 

(Tremblay and Ransijn 2013), I checked the residuals of the fitted models to graph criticism 

plots for mixed models. For all analyses, I modelled the response variables using fixed-effects 

parameters after incorporating the random-effects of brood identity nested within the male 

identity (used as a proxy for pair identity) in the model, and the default parameter estimation 

criterion was the restricted (residual) maximum likelihood (REML).  
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In cases where competing models had ∆AIC<2 units, I chose the simpler model regardless of 

the weight because there was no evidence to suggest that the additional parameters improved 

model fit (Arnold 2010). However, this does not necessarily suggest that the additional 

parameters have no effect at all on the response variable, rather that there was simply not 

enough evidence to confirm this. In my discussion I refer to these competing models where 

appropriate, for example where they provide potentially important alternative interpretations 

of the data.      

Effect of temperature on provisioning rate 

To determine whether there was a trade off between total nest attendance (brooding and 

shading) by the parents, and total daily provisioning rate as temperatures increased, I fitted a 

glmer model with Poisson error structure.  Provisioning rate per nestling standardised to a 12 

hr day was the response variable and I included the following fixed factors: brood size, Tmax 

(daily maximum temperature), nestling age, percentage of time spent attending the nest and all 

the two way interactions. 

Similarly, I fitted a glmer model with Poisson error structure to test for prey provisions by the 

female per 12 hr day. I included the following fixed factors in the global model: brood size, 

Tmax, nestling age, prey provisions by the male per 12 hr day (mprv), percentage of time the 

female spent attending the nest in a 12 hr day (fns), and all the two way interactions between 

other parameters except fns because including these destabilised the model. Testing only for 

the main effect of fns still allowed me to assess whether there was a trade off between nest 

attendance and provisioning rate in the female.  

For male provisioning, I fitted the same glmer model with Poisson error structure and the total 

prey provisions by the male per 12 hr day as the response variable. In the model, I included the 

following fixed factors; brood size, Tmax, nestling age, prey provisions by the female (fprv), 
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percentage of time the male spent attending the nest (mns), and all the two way interactions 

between other factors excluding mns which was inserted in the model to see if there was any 

trade off between nest attendance and provisioning rate by the male. 

Effect of temperature on prey size and nest attendance 

A glmer model with a binomial family was fitted to prey size as only two size categories were 

recognised. Brood size, Tmax, nestling age and all interactions were included in the global 

model.  

The same model structure was applied to assess factors influencing total nest attendance 

(percentage of time the nest was attended by at least one parent), with fixed factors brood size, 

Tmax, nestling age and all the two way interactions. In addition, I included an observation level 

random effect in the model in order to fix for over-dispersion.  

I used a similar glmer model with a binomial error structure to assess factors influencing the 

percentage of time the female parent spent attending the nest. The fixed factors I fitted in the 

model were brood size, nestling age, Tmax, the percentage of time the male spent attending the 

nest (mns) and all the two way interactions.   

Finally to test for male nest attendance I fitted a glmer model with a binomial error structure 

and the percentage of time the male spent attending the nest as the response variable.  

Methodical addition of factors showed that brood size, nestling age, Tmax, the percentage of 

time the male spent attending the nest (fns) and only interactions between brood size and fns, 

brood size and Tmax, Tmax and fns and nestling age and fns were the parameters that could be 

fitted without destabilising the model. 
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Effects of provisioning and panting rate on daily mass gain 

I fitted lmer models with Gaussian error structure to test for the effect of both provisioning and 

panting rate on daily mass gain. I included the following fixed factors in the model to assess 

the effect of provisioning on nestling mass gain: nestling age, Tmax and prey provisioning per 

nestling per 12 hr day (ppn) and all the two way interactions.   

In order to assess the effect of panting rate on daily mass gain I included the fixed factors 

nestling age, the percentage of time the nestlings spent panting (ppnt) and all the two way 

interactions. I did not include Tmax in the latter model because it is correlated to ppnt hence, 

this would have destabilised the model.    
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RESULTS 
Overall contributions of male and female to parental care 

Male parents provisioned nestlings significantly more often than females (male 49.2±29.2 

feeds per day±1 sd, female 23.3±14.5; z = 16.14, p < 0.0001; Fig. 1). However, females spent 

more time attending the nest (either brooding or shading the nestlings: male 2.5±7.2 %, female 

33.9±23.3 %; z = -9.80, p < 0.0001; Fig. 2). 

 

Figure 1: The number of prey delivered to the nest per day by female and male Common Fiscal (Lanius 

collaris) in Tswalu Kalahari Reserve during 2010/2011 and 2011/2012 summer seasons. 

 

Figure 2: The percentage of time spent attending the nest by the female and the male parents (Lanius 

collaris) in Tswalu Kalahari Reserve during 2010/2011 and 2011/2012 summer seasons. 
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Effect of temperature on provisioning rate and prey size 

Provisioning rate: The model by Cunningham et al. 2013, reproduced below with permission, 

showed that Tmax had an effect on provisioning, and that this effect is modified by brood size 

(Table 1 and Table 2). Larger broods experienced a larger decrease in provisions than smaller 

broods. This was corroborated by the visual observation of the data which showed that when it 

was cooler (low Tmax), larger broods were provisioned at higher rates than smaller broods but 

when it was hotter (high Tmax), brood size no longer influenced total provision rate 

(Cunningham et al. 2013). Provisioning rate increased with brood size (Fig. 3). The outlier in 

the brood size 2 (Fig. 3) might be because of emergence of some abundant prey such as termites 

at that time.  

I added the percentage of time spent attending the nest (pna) and its interactions with other 

variables into this model to assess whether there was any trade off between total provisioning 

rate and total nest attendance. However, this model had an AICc value >2 point higher than the 

model fitted without pna, and showed that nest attendance had no effect on total provisioning 

i.e. there is no trading off between provisioning and nest attendance. The best model to explain 

this dataset is therefore the same as the one published by Cunningham et.al (2013).  
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Table 1: Top five models explaining variation in prey provisioning rate by Common Fiscal 

from 28 full day observations of 12 broods and 12 pairs.  

Model K AIC  ∆AIC Weight 

1Size + 2age + Tmax + brood size*Tmax  8 300.5 0.00 0.88 

Size + age + Tmax + age*Tmax 10 307.5 7.01 0.03 

Size + age + Tmax + size*Tmax 10 307.9 7.42 0.02 

Size + Tmax + size*Tmax 6 308.6 8.06 0.02 

Age + Tmax + age*Tmax 8 308.7 8.17 0.02 

1Size: brood size. Age: 2Nestling age. 

Global model: brood size + Tmax+ nestling age + brood size*Tmax + brood size*nestling age + Tmax*nestling age. 

Family: Poisson.    

Table 2: Factors affecting total prey provisioning, estimates of effect sizes, standard errors 

(SE), Z-values and estimated p-values. 

Variable Estimate SE Z-value p-values 

Tmax 0.07 0.03 2.31 0.02* 

Size 1.51 0.37 4.12 <0.01*** 

Age:     

   6-d 1.57 1.01 1.54 0.12 

   10-d 1.78 1.00 1.79 0.07 

   14-d 1.63 1.00 1.62 0.11 

Size*Tmax -0.04 0.01 -3.85 <0.01*** 
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Figure 3: Effect of brood size on the number of prey provisions per day by Common Fiscal (Lanius 

collaris) in Tswalu Kalahari Reserve during 2010/2011 and 2011/2012 summer seasons. 

Prey size: None of the variables I studied, including Tmax, had any influence on prey size. The 

simplest model for size of prey delivered to the nest was the null model containing only the 

random effects of brood identity nested within male identity. However, two competing models 

suggested that nestling age and brood size may have an effect on prey size (Table 3). 

Table 3: Top five models for effect of temperature on prey size by Common Fiscal from 35 

observations of 20 broods and 14 pairs. 

Model K AIC  ∆AIC Weight 

Age 5 216.2 0.00 0.38 

Size + age  6 218.1 1.92 0.15 

Null 3 218.1 1.93 0.15 

Size 4 218.9 2.68 0.10 

Age + Tmax 6 219.2 3.00 0.08 

Global model: brood size + nestling age + Tmax + Tmax*nestling age + nestling age*brood size + Tmax*brood size. 

Family: binomial.  
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Prey provisioning by the female and the male 

Female provisioning: Tmax had a negative effect on prey provisioning by the female in six-day 

nestlings, on the other hand, it had a positive effect on provisioning rate for 14-day nestlings. 

Tmax had no effect on prey provisioned to ten-day old nestlings. Increasing female nest 

attendance decreased the proportion of prey provisioning by the female (Table 5). Nestling age, 

Tmax, percentage of time the female attended the nest per day (fns), and an interaction between 

nestling age and Tmax all influenced the number of prey delivered to the chicks by the female 

per day (Table 4). The effect of temperature was modified by nestling age.  

 

Table 4: Top five models for explaining variation in prey provisioning rates by female 

Common Fiscal from 33 full day observations of 18 broods and 14 pairs.  

Model k AIC  ∆AIC Weight 

Age + Tmax + fns + age*Tmax 9 289.2 0.00 0.63 

Age + Tmax + fns + 1mprv + age*Tmax 10 292.8 3.62 0.10 

Size + age + Tmax + fns + age*Tmax 10 293.2 4.06 0.08 

Age + Tmax + age*Tmax 8 296.0 6.86 0.02 

Age + mprv + age*mprv 8 296.3 7.15 0.02 

1mprv = male provisions in 12hrs. Global model: brood size + Tmax + nestling age + mprv + mprv*brood size + 

mprv*Tmax + mprv*nestling age + brood size*Tmax + brood size*nestling age + Tmax*nestling age. Family: 

Poisson. 
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Table 5: Factors affecting provisioning rate by the female, estimates of effect sizes, standard 

errors (SE), Z-values and estimated p-values. 

Variable Estimate SE Z-values p-values 

Age:     

   6-d 8.46 1.06 7.97 <0.01*** 

  10-d 2.21 1.27 1.74 0.08 

   14-d 0.15 1.51 0.10 0.92 

Age*Tmax:     

   6-d -0.13 0.03 -4.60 <0.01*** 

   10-d 0.06 0.04 1.58 0.11 

   14-d 0.10 0.04 2.28 0.02* 

1Fns -0.02 0.00 -4.20 <0.01*** 

1Fns = female nest attendance 

Male provisioning: On the other hand, prey provisioning by the male was influenced by brood 

size, nestling age, prey provisions by the female (fprv), Tmax, an interaction between brood size 

and fprv, and an interaction between nestling age and fprv (Table 6). Tmax had a negative effect 

on male provision rate. Female provisioning rate had a negative effect on male provisioning 

rate, and this effect was modified by nestling age and brood size. I did not investigate 

independently the three-way interaction between these variables because this would have 

destabilised the model, but the effect was slightly more pronounced for ten-day and 14-day old 

nestlings than six-day old nestlings. Furthermore, fprv had a negative effect on male 

provisioning rate but this effect was reduced by brood size (Table 7).  
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Table 6: Top five models for effect of temperature on prey provisioning by the male Common 

Fiscal from 33 full day observations of 18 broods from 14 pairs.  

Model k AIC  ∆AIC Weight 

Size + age + Tmax + fprv + brood size*fprv + age*fprv 11 307.5 0.00 0.47 

Size + age + Tmax + fprv + mns + size*fprv + nestling age*fprv 12 310.7 3.16 0.10 

Size + age + fprv + mns + size*fprv + age*fprv 11 311.9 4.31 0.05 

Size + age + Tmax + fprv + size*fprv + age*fprv + Tmax*fprv 12 312.6 5.01 0.04 

Size + age + fprv + mns + size*Tmax + brood size*fprv + age*fprv 12 312.6 5.01 0.04 

Global model: brood size + Tmax + nestling age + fprv + mns + fprv*brood size + fprv*Tmax + fprv*nestling age 

+ brood size*Tmax + brood size*nestling age + Tmax*nestling age. Model family: Poisson.  

Table 7: Factors affecting prey provisioning by the male, estimates of effect sizes, standard 

errors (SE), Z-values and estimated p-values. 

Variable Estimate SE Z-value p-values 

Age:     

   6-d 6.91 0.86 8.07 <0.01*** 

   10-d 7.55 0.89 8.52 <0.01*** 

   14-d 7.51 0.89 8.47 <0.01*** 

Age*1fprv:     

   6-d -0.05 0.01 -3.78 <0.001*** 

   10-d -0.09 0.02 -4.98 <0.01*** 

   14-d -0.09 0.02 -5.32 <0.01*** 

Size -0.45 0.15 -3.06 <0.001** 

Fprv -0.05 0.01 -3.78 <0.001*** 

Tmax -0.06 0.02 -3.36 <0.001** 

Size*fprv 0.02 0.01 4.44 <0.01*** 

1Fprv = female provisioning  



 

24 
 

Effect of temperature on nest attendance 

The simplest model contained only nestling age, further suggesting that Tmax had no influence 

on nest attendance (although a more complex competing model contained both nestling age 

and Tmax; Table 8). There were two competing models to describe total percent of time the nest 

was attended per day by either adults (male and female contributions combined). The simplest 

model showed unsurprisingly that total nest attendance decreased with nestling age (Table 9, 

Fig. 4).  

 

Table 8: Top five models for effect of temperature on daily nest attendance by Common Fiscal 

from 35 full day observations of 20 broods and 14 pairs. 

Model k AIC  ∆AIC Weight 

Age  6 686.5 0.00 0.47 

Age + Tmax  7 687.8 1.30 0.24 

Size + nestling age  7 689.6 3.07 0.10 

Size + age + size* age 9 690.5 4.01 0.06 

Size + age + Tmax 8 690.9 4.39 0.05 

Global model: brood size + nestling age + Tmax + Tmax*nestling age + nestling age*brood size + Tmax*brood size. 

Model family: binomial.  
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Table 9: Factors affecting total daily nest attendance by Common Fiscal, estimates of effect 

sizes, standard errors (SE), Z-values and estimated p-values. 

Variable Estimate SE Z value p-values 

Age:     

   6-d 0.46 0.35 1.32 0.19 

   10-d -0.84 0.38 -2.18 0.03* 

   14-d -2.98 0.39 -7.76 <0.01*** 

 

 

Figure 4: The effect of nestling age on percentage of time Common Fiscal parents attended the nest 

(Lanius collaris) in Tswalu Kalahari Reserve during 2010/2011 and 2011/2012 summer seasons. 

Female nest attendance: With respect to sex-specific nest attendance, the simplest model on 

the effect of temperature on female nest attendance showed that Tmax had no effect. 

Furthermore, no competing model contained Tmax either (Table 10). However, female nest 

attendance decreased with nestling age, with the least attendance at 14-day old nestlings (Table 

11). 
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Table 10: Top five models for effect of temperature on nest attendance by Common Fiscal 

females from 18 full day observations of 18 broods from 14 pairs.  

Model k AIC  ∆AIC Weight 

Age + 1mns 7 675.6 0.00 0.25 

Size + age + size* age 9 676.4 0.80 0.17 

Age 6 676.5 0.93 0.16 

Size + age + mns + size* age 10 677.1 1.45 0.12 

Age + Tmax + Tmax 8 678.9 3.26 0.05 

1mns = male nest attendance time. Global model: brood size + nestling age + mns + Tmax + brood size*nestling 

age + brood size*Tmax + nestling age*Tmax + mns*Tmax + mns*brood size + mns*nestling age. Model family: 

binomial.  

 

Table 11: Factors affecting total nest attendance by Common Fiscal females, estimates of 

effect sizes, standard errors (SE), Z-values and estimated p-values. 

Variable Estimate SE Z-value p-values 

Age:     

   6-d 0.38 0.33 1.16 0.24 

  10-d -0.89 0.36 -2.46 0.01* 

   14-d -3.42 0.36 -9.42 <0.01*** 

 

Male nest attendance: In contrast to female nest attendance, the simplest model for the effect 

of temperature on male nest attendance (Table 12) showed that Tmax had a positive influence 

on male nest attendance. Increasing Tmax increased the proportion of time the male parent spent 

attending the nest (Table 13, Fig. 5).  
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Table 12: Top five models for effect of temperature on nest attendance by Common Fiscal 

males from 33 full day observations of 18 broods from 14 pairs. 

Model k AIC  ∆AIC Weight 

1Fns + Tmax 6 187.2 0.00 0.24 

Size + fns + Tmax + size*fns 8 188.2 1.02 0.14 

Tmax 5 188.7 1.52 0.11 

Size + fns + Tmax  7 189.2 1.98 0.09 

Fns + Tmax + fns*Tmax 7 189.9 2.67 0.06 

1Fns = female nest attendance time. Global model: brood size + nestling age + fns + Tmax + brood size*fns + brood 

size*Tmax + nestling age*fns + fns + Tmax. Family: binomial.   

Table 13: Factors affecting nest attendance by Common Fiscal males, estimates of effect sizes, 

standard errors (SE), Z values and estimated p-values.  

Variable Estimate SE Z-value p-values 

Intercept -71.82 2.10 -34.12 <0.01*** 

Tmax 1.78 0.05 36.13 <0.01*** 
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Figure 5: Effect of daily maximum temperature on the proportion of time the male Common Fiscal 

(Lanius collaris) attended the nest relative to total nest attendance time in Tswalu Kalahari Reserve 

during 2010/2011 and 2011/2012 summer seasons. 

Effect of temperature on panting 

Six-day and ten-day nestlings never spent >1% of the time of the day panting, but 14-day 

nestlings spent up to 6% of the day panting (Fig. 6). The effect of temperature on the proportion 

of time spent panting by the nestlings was modified by nestling age (Table 15). Time spent 

panting by six- and fourteen-day nestlings, but not by ten-day nestlings, was positively 

influenced by Tmax (Fig. 6a-c). There was weak evidence to suggest that time spent panting by 

six-day old nestlings was also negatively influenced. 
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Table 14. Top five models for effect of temperature on proportion of daily time spent panting 

by Common Fiscal nestlings from 35 full day observations of 20 broods and 14 pairs.  

Model  k AIC  ∆AIC weight 

Size + age + Tmax + size* age + age*Tmax 11 385.6 0.00 0.87 

Size + age + Tmax + size* age + size*Tmax + age*Tmax 12 389.5 3.84 0.13 

Age + Tmax + age*Tmax 8 402.5 16.85 0.00 

Size + age + Tmax + age*Tmax 9 405.6 19.96 0.00 

Size + age + Tmax + size*Tmax + age*Tmax 10 409.3 23.68 0.00 

Global model: nestling age+ Tmax + Tmax*nestling age + brood size + brood size*nestling age + brood size*Tmax. 

Model family: binomial 

 

 

 

 

 

 

 

 

 

 



 

30 
 

Table 15: Factors affecting proportion of daily time spent panting by Common Fiscal nestlings, 

estimates of effect sizes, standard errors (SE), Z-values and estimated p-values. 

Variable Estimate SE Z-value p-values 

Age:     

6-d -6.70 0.31 -21.78 <0.01*** 

   10-d -5.54 0.47 -11.81 <0.01*** 

14-d -7.55 0.35 -21.58 <0.01*** 

Age* size:     

   6-d -0.08 0.04 -2.03 0.04* 

   10-d -0.01 0.04 -0.32 0.75 

   14-d 0.06 0.03 1.90 0.06 

Age*Tmax:     

   6-d 0.04 0.01 5.32 <0.01*** 

   10-d -0.00 0.01 0.08 0.94 

   14-d 0.12 0.01 12.02 <0.01*** 
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Figure 6: Effect of temperature on Common Fiscal (Lanius collaris) panting rate modified by nestling 

age in Tswalu Kalahari Reserve during 2010/2011 and 2011/2012 summer seasons. 
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Effect of provisioning and panting rate on daily mass gain 

Effects of provisioning and Tmax on nestling mass gain: Prey provisioning rates per nestling per 

day (ppn) had a positive effect on nestlings’ daily mass gain (Table 16, 17). The best model 

showed that in addition to ppn, Tmax also had an influence on nestlings’ daily mass gain. Tmax 

had a negative effect on daily mass gain by six-day old nestlings (Fig. 7a), although, there was 

not sufficient evidence to suggest the same effect on ten- and 14-day old nestlings (Fig. 7b-c). 

Table 16. Top five models for effect provisioning on Common Fiscal nestling daily mass gain 

in 32 full day observations of 18 broods and 14 pairs. 

Model  k AIC  ∆AIC Weight 

Age + Tmax + ppn + age*Tmax 10 216.3 0.00 0.69 

Age + Tmax + age*Tmax  9 219.4 3.09 0.15 

Age + Tmax + ppn 8 220.6 4.35 0.08 

Age + Tmax 7 221.5 5.28 0.05 

Age + ppn 7 224.9 8.62 0.01 

Global Model: Nestling age + Tmax + ppn + nestling age*Tmax + nestling age*ppn + Tmax + ppn. Model family: 

Gaussian.   
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Table 17: Effect of prey provisioning per nestling (ppn) on Common Fiscal nestlings’ daily 

mass gain, estimates of effect sizes, standard errors (SE), and the t-values.  

Variable Estimate SE t-value 

Age:    

   6-d 90.43 15.64 5.78 

   10-d -7.88 25.73 -0.31 

   14-d -5.31 27.91 -0.19 

Age*Tmax:    

   6-d -2.20 0.47 -4.67 

   10-d 0.35 0.78 0.45 

   14-d -0.04 0.79 -0.05 

1Ppn 0.29 0.08 3.55 

1Ppn = prey provisioning per nestling 
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Figure 7: The effect of Tmax on daily mass gain by Common Fiscals (Lanius collaris) nestlings as 

modified by nestling age. 
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Effects of panting on nestling mass gain: Percentage of daily time spent panting (ppnt) by 

nestlings had a negative effect on daily mass gain on six-day old nestlings (Fig. 8a, Table 18). 

However, there was not sufficient evidence to suggest that ppnt had any effect on daily mass 

gain among ten-day or 14-day old nestlings (Fig. 8b-c, Table 19). 

 

Table 18: Top five models for the effect of panting rate on Common Fiscal nestlings’ daily 

mass gain from 30 full day observations of 18 broods and 14 pairs. 

Model K AIC  ∆AIC Weight 

Size + age + 1ppnt + age*ppnt 10 208.4 0.00 0.33 

Age + ppnt + age*ppnt 9 208.7 0.29 0.29 

Size + age + ppnt + size*age + age*ppnt 12 209.0 0.62 0.25 

Size + age + ppnt + size*age + size*ppnt + age*ppnt 13 211.3 2.90 0.08 

Size + age + ppnt + size*ppnt + age*ppnt 11 212.1 3.68 0.05 

1ppnt = panting rate. Global model: Brood size + nestling age + ppnt + brood size*nestling age + brood size*ppnt 

+ nestling age*ppnt. Model family: Gaussian    
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Table 19: Effect of panting rate on Common Fiscal nestlings’ daily mass gain, estimates of 

effect sizes, standard errors (SE), and the t-values.  

Variable Estimate SE t value 

Age:    

6-d 55.19 10.64 5.19 

   10-d 13.30 8.18 1.63 

   14-d 10.09 7.49 1.35 

Age*1ppnt:    

   6-d -74.18 27.15 -2.73 

   10-d 0.51 18.12 0.03 

   14-d -1.78 1.97 -0.90 

1ppnt = proportion of time the nestlings spent panting 
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Figure 8: Effect of panting rate on Common Fiscal (Lanius collaris) nestlings’ daily mass gain 

as modified by nestling age. 
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DISCUSSION 
 

Cunningham et al. (2013) showed that temperature has a negative effect on daily mass gain in 

six-day old Common Fiscal nestlings, but that this effect is not statistically significant in older 

nestlings. They also reported that nestlings do not recover from the negative impacts of hot 

weather during the rapid stages of growth, evidenced by smaller and lighter nestlings as a result 

of hot days during the nestling period. I explore the mechanisms underpinning these results. 

 Effect of temperature on prey provisioning 

Males dominate provisioning, especially when the chicks are small and the female undertakes 

almost all brooding. Reduction in provisioning in hot conditions might have been influenced 

by reduced prey availability, when prey organisms hide away from direct sun and heat. Birds 

might compensate for this by shifting to bigger prey (Ashmole 1968), but in this case none of 

the measured variables had any effect on the size of prey delivered to the nest. Although prey 

provisioning decreased with temperature, there was no evidence to suggest that it is traded off 

with nest attendance. This might suggest that parents still hunt at high temperature, however, 

at a limited success rate (Martin 1987, S. J. Cunningham unpublished data). Parents may also 

consume the largest proportion of the captured prey themselves in order to meet their own 

energy and water requirements which will be high during periods of high temperature as a 

result of the need for thermoregulation (Farmer 2000).   

Effect of temperature on nest attendance and chick panting 

Caring for nestlings is one of the main reproductive stresses altricial birds have to cope with, 

balancing between providing food and maintaining nestlings’ body temperature (Tomback and 

Murphy 1981). Female nest attendance is determined mainly by chick age. In contrast, males 

adjust their nest attendance behaviour in response to temperature. Total nest attendance 
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(combined effort of both sexes) appears only to be affected by nestling age. This may be so 

because altricial birds develop the ability to thermoregulate endogenously through the nestling 

period (Stark and Ricklefs 1998). Younger nestlings require both brooding and shading for 

body temperature regulation, whereas older nestlings are better able to regulate their body 

temperature (ditto).  Female nest attendance is not affected by temperature, but male nest 

attendance is, this may suggest that the male contributes to nestling thermoregulation through 

shading at high temperatures, supplementing the contribution of the female. However, is no 

evidence to suggest that this affects his daily provisioning rate.  

Increasing temperature results in increased panting, and therefore respiratory evaporative water 

loss and energy consumption (Ivanov 2006; Akin 2011), by six-day and especially 14-day old 

nestlings. An increase in panting with temperature, despite increased shading effort by the male 

on hot days, might suggest that shading is only partly effective against high temperatures i.e. it 

is effective only in helping chicks avoid lethal hyperthermia, but cannot totally eliminate 

thermoregulatory costs.  

Consequences for nestlings’ daily mass gain 

Re-running the model presented in Cunningham et al. (2013) shows that temperature negatively 

affects daily mass gain of six-day old nestlings, but not ten-day or 14-day old nestlings. 

Unsurprisingly, provisioning rate had a positive effect on daily mass gain, and this has a direct 

bearing on nestling size and survival (Dawson and Bortolotti 2000). Direct effects of high 

ambient temperatures on metabolism (Ricklefs 1983) and indirect effects of temperature on 

prey provisioning (Golet et al. 2000) respectively have consequences for nestling fitness, 

growth and survival.   

The proportion of time spent panting had a negative effect on daily mass gain in six-day old 

nestlings. Cunningham et al. (2013) showed that temperature had a negative effect on growth 
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rates of younger nestlings, and my results suggest that panting might be one of the mechanisms 

by which growth is impacted. The extra water lost during physiological thermoregulation might 

explain the decrease in the daily mass. The increased panting rate correlated with a reduction 

in daily mass gain for six- but not 14-day old chicks. The absence of evidence to suggest a 

decline in daily mass gain on 14-day nestlings, regardless of them panting more, might suggest 

that the increase in female provisions to these nestlings at high temperature is cushioning them 

against a decrease in daily mass.  

In summary, overall provisioning is affected by temperature, but overall nest attendance is not. 

Panting rates increase with temperature, especially among older chicks. Therefore it appears 

likely that the mechanism underlying the negative effect of high temperature on growth of six-

day nestlings may be both physiological, related to the energy and/or water costs of nestling 

thermoregulation, and behavioural related to reduced parental provisioning at high 

temperature.  Both these mechanisms have a direct bearing on energy requirements. Panting 

expends more energy but a decrease in provisioning at high temperature means nestlings may 

be less able to cope with the energy requirements of panting. It is, however, worth stressing at 

this point that parameters like tarsus length and leg length may give a much better indication 

of growth as opposed to daily mass gain which is variable under different circumstances.  

It is worrying that parents, even in this relatively mild temperature range (max 39oC) cannot 

increase provisioning to meet the increased energy/water demands of panting nestlings. 

Temperatures are expected to increase significantly in future (Moise and Hudson 2008) and 

parental behaviour currently seems unable to buffer the negative effects for nestlings. This 

appears to be especially the case for the youngest nestlings. These nestlings are the fastest 

growing of the three age classes examined, so any negative effects on growth might be 

magnified. They may also not be sufficiently physically developed to dissipate excess heat 

efficiently through panting. Cunningham et al. (2013) showed that hot weather during the 
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nestling period results in smaller and lighter fledglings, suggesting these chicks are unable to 

catch up the ‘missed’ growth opportunities during the nestling period.  

CONCLUSION 

Temperature affects the parental investment on nestlings, causing a reduction in prey 

provisioning. This decrease in provisioning results in a decrease in daily mass gain of the 

youngest nestlings, during their period of fastest growth. Females increase their provisioning 

to older nestlings at high temperature. Although this has no effect on the total provisioning, it 

may be influential in cushioning against a decrease in daily mass gain. At high temperatures, 

parents are unable to adjust their nest attendance behaviour in order assist thermoregulation in 

nestlings. Although males respond to increasing temperature by increasing their nest 

attendance time, their efforts are not enough to influence overall nest attendance. High 

temperature therefore causes nestlings’ panting rate to increase. This increase in panting 

negatively affects daily mass gain in younger nestlings. With temperatures continuing to rise 

as a result of climate change, it is possible that survival and breeding success of Common Fiscal 

will be negatively affected. The results of this study suggest that other passerine birds in hot, 

dry climates may experience similar reductions in breeding performance. 
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