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Body condition is an important ecological attribute that 
can provide a measure of the energy stored by an animal or a 
population. This reserve is usually correlated with biological 
and ecological factors that are important to environmental 
conservation (Speakman 2001, Cattet & Obbard 2005, Stevenson 
& Woods 2006, Labocha & Hayes 2012). Traditionally, the body 
condition of an animal is measured using morphometric mea-
surements to calculate body condition indices (BCIs) (Le Cren 
1951, Garrow & Webster 1985, Peig & Green 2009). However, 
these BCIs may not be sensitive enough to detect variations in 
the body condition of animals in habitats that have a constant 
food supply (Jenni-Eiermann & Jenni 1998).

More direct measurements, based on physiological data, 
are commonly used to assess the health status of an animal. 
These parameters include hematological tests to check hemo-

globin, hematocrits and the ratio of heterophils/limphocytes 
(Szabo et al. 2002, Machado-Filho et al. 2010), as well as blood 
chemistry parameters that can indicate the nutritional state 
of an organism, for instance triglycerides, glucose and ketone 
bodies (Jenni-Eiermann et al. 2002, Costa & Macedo 2005, Kil-
gas et al. 2007, Lobato et al. 2011). Besides being more direct, 
physiological indices can be used in studies with individuals 
of different ages and different morphometries in a population, 
since a single morphometric index may not work for the entire 
population. Thus, physiological parameters seem to be a more 
reliable technique (Stevenson & Woods 2006).

According to (Jenni-Eiermann & Jenni 1997), daily concen-
trations of glucose and ketone bodies are directly and inversely 
proportional to daily food intake, respectively. In vertebrates, 
glucose serves several functions and is the main energy producer 
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(Braun & Sweazea 2008). When animals go through a fasting 
period, their organs tend to spare glucose and rather use ketone 
bodies. Ketone bodies are produced from the breakdown of 
fatty acids in the liver. They are released into the bloodstream 
and transported to body tissues to supply glucose requirements 
(Thompson & Wu 1991, Hegemann et al. 2012). Therefore, if a bird 
is hungry or malnourished, the concentration of ketone bodies 
in its blood will most likely will be high, whereas the concentra-
tion of glucose will be low. This relationship may be difficult to 
demonstrate in animals that inhabit regions where food supply 
is constant, but not in all cases. For instance, passerines usually 
spend the entire night fasting, and that short fasting period is 
sufficient to increase ketone and decrease glucose concentrations 
(Jenni-Eiermann & Jenni 1997). Correlations between glucose 
concentration and body condition have already been described 
by Minias & Kaczmarek (2013) in their study about Phalacrocorax 
carbo sinensis nestlings (Linnaeus, 1758). Thus, we assume that 
both metabolites may be suitable body condition indicators 
because of their relationship to the organism’s nutritional state.

Studies on metabolite variations in the blood of birds 
usually attempt to establish correlations between physiology and 
ecological variables such as breeding period and ectoparasitism. 
The breeding period is defined as a phase of higher energy ex-
penditure in the life of a bird. Due to reproduction costs, there 
can be changes in body condition depending on the adaptive 
strategies of each species (Monaghan et al. 1989, Moreno 1989, 
Riechert et al. 2014). Some species can spend long periods of 
fasting during incubation and are dedicated exclusively to the 
nest (Chaurand & Weimerskirch 1994, Hollmen et al. 2001). Oth-
ers tend to increase their foraging activity and are fed by their 
partners (Lifjeld & Slagsvold 1986, Nilsson & Smith 1988, Kern et 
al. 2005). Thus, since their nutritional status is related to their 
body condition, we can identify information about the breeding 
strategies of birds by measuring their metabolites (Hollmen et al. 
2001, Vleck & Vleck 2002, Gayathri et al. 2004).

The presence of ectoparasites in birds can also be correlated 
with their body condition. Those symbionts usually damage their 
host, which is reflected in their health status (Richner et al. 1993, 
Hurtrez-Bousses et al. 1997, de Lope et al. 1998). However, some 
studies demonstrate that the damage caused by ectoparasites is not 
visible in morphometry, but can be found by physiological data 
(Szabo et al. 2002, Machado-Filho et al. 2010). There are published 
studies on the relationship between glucose and ectoparasitism for 
fish and crustaceans (Grutter & Pankhurst 2000, Ruane et al. 2000, 
Neves et al. 2004, Davies et al. 2015), but not [do much] for birds. 
Literature data on the correlation between ectoparasite infesta-
tion and blood metabolites in birds usually pertain hematocrit, 
triglycerides, protein and corticosterone (Saino et al. 1998, Szabo et 
al. 2002, 2008 Quillfeldt et al. 2004, Deem et al. 2011) This study 
aimed to test whether glucose and ketone bodies can be reliable 
biochemical predictors of the body condition of an Atlantic forest 
passerine. For this purpose we examined the relationship between 
body condition and the concentrations of blood glucose and 

ketone bodies. Knowledge about the physiological conditions of 
wild birds is critical to better understand the adaptive strategies 
of their survival in nature (Carey 2005). Therefore, this report 
verified correlations between blood metabolite concentrations 
and ecological variables including time of day, seasons, breeding 
period and ectoparasite infestation.

The species we chose for study was the pale-bellied 
Tyrant-Manakin, Neopelma pallescens (Lafresnaye, 1853). This 
bird inhabits the ‘cerradão’ as well as dry and gallery forests, 
arboreal ‘caatingas’, and riparian forests (Sigrist 2009). Despite 
its distribution through several biomes, there are few studies 
about the ecology of this passerine or even the genus Neopelma. 
Neopelma pallescens is primarily insectivorous but also eats some 
fruit. Thus, it is also a seed disperser.

Small endotherms usually have a high metabolic rate 
(Beuchat & Chong 1998). Therefore, their metabolite concen-
trations vary rapidly during a short period. Due to its small 
body size and homoeothermic condition, N. pallescens can be a 
suitable model to study metabolite oscillation in the organism 
(Jenni-Eiermann & Jenni 1998). We expect to observe oscillations 
in the metabolites of N. pallescens that allow us to better com-
prehend the ecology of this bird.

Laboratory methods require blood samples to be properly 
stored and transported to the laboratory for further analysis. To 
this end, researchers have used portable glucometers (Lieske et al. 
2002, Zeugswetter et al. 2007, Lobban et al. 2010). Such tools are 
low-cost, easy to use, and require only a single drop of blood. The 
results are obtained almost immediately. Most zoological studies 
with glucometers focus on veterinary purposes and captive ani-
mals. The use of glucometers in ornithology is still recent (Downs et 
al. 2010, Witteveen et al. 2014). Some glucometers are compatible 
with reagent test strips of glucose and ketones. This can facilitate 
the researcher’s work since only one type of equipment is used.

There are few studies about physiological body condition 
indices based on glucose and ketone bodies for wild birds in the 
Neotropical region – especially passerines. Previous studies in South 
America have used only free-living waterfowls (Artacho et al. 2007, 
Gallo et al. 2013) and captive psittacines (Allgayer et al. 2009). Thus, 
the present study is the first to investigate the relationship between 
blood glucose/ketone body concentrations with ecological variables 
and body condition in a free-living South American passerine.

MATERIAL AND METHODS

This study was conducted at Reserva Biológica de Guaribas 
(Rebio Guaribas) located between the municipalities of Maman-
guape and Rio Tinto, in Paraíba, Brazil (6°44’02 “S, 35°10’32 “W 
and 6°40’53 “S, 35°09’59 “W). The climate in Rebio Guaribas is 
warm and humid with average annual temperature of 26°C (Alva-
res et al. 2014). The rainy season occurs from March to August and 
the dry season from September to February. The seasonality was 
estimated by the annual precipitation data of the city of Maman-
guape from the last five years obtained from the website Proclima.
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The specimens were collected with 10 mist nets in fort-
nightly expeditions of three days each from January to December 
of 2014. The mist nets were set up along two trails, and they 
remained opened during the first and last time of daily activity 
(from 5AM to 10:00 AM; and from 3:00 PM to 6:00 PM). The 
sampling effort was calculated according to Straube & Bianconi 
(2002). We checked the nets every twenty minutes using the 
species-specific song of N. pallescens in playback to attract the 
birds and removed them as soon they were caught. Walking to 
the laboratory to transport the birds caught in containment 
bags took about 15 minutes. All individuals were banded with 
metallic rings provided by CEMAVE.

One drop of blood (licensed 41816-1 granted by SISBIO 
– ICMBio) was collected from the brachial vein of the birds’ 
wings using disposable calibrated lancets GTech® inserted into 
a lancing device GTech®. The concentrations of glucose and 
ketone were measured using reagent test strips (Freestyle®) and a 
glucometer (Optium™ Xceed®). Ideally, multiple blood samples 
should have been taken consecutively on the same day, but we 
opted not to do this since it would significantly compromise the 
blood volume of a small bird such as N. pallescens. The resulting 
low blood volume could interfere with the birds’ health status.

We used a body condition index (BCI) to assess the body 
condition of N. pallescens. We evaluated the index using Le Cren’s 
relative condition (Kn) (Le Cren 1951). This index consists of a 
ratio between the expected body mass and the observed body 
mass. The expected body mass was assessed using residuals of 
an ordinary least square (OLS) regression between body mass 
and the length of the wing of N. pallescens.

The breeding period was assessed using the development 
phases of brood patches. We identified as females all individuals 
with brood patches, since incubation in the Pipridae family 
is performed exclusively by females. The early phases (P1 – 
defeathered, smooth and dark; P2- presence of a little fluid, 
opaque colored) were considered as the start of the incubation 
period (initial and intermediary phase), but not considered 
active incubation. The individuals were considered to be in 
their active incubating phase when the patch was supplied by 
the blood vessels (P3) (IBAMA-adapted 1994). We classified the 
individuals as infested or non-infested by ectoparasites to inves-
tigate the variation of metabolite concentration according to the 
presence or absence of ectoparasites. The time spent searching 

for ectoparasites was the same for all individuals (5 minutes). We 
also manually collected ectoparasite samples for identification.

We employed a stepwise model selection using the 
Akaike’s information criterion (AIC) to select the model that 
best fits the relationship between metabolites and all ecological 
variables (time of day, months of the year, rainy and dry seasons, 
prevalence of ectoparasites and breeding period). The best model 
was then employed in a generalized linear model (GLM) to exam-
ine the contribution of each variable. The data were normalized 
by logarithm transformation before performing GLM.

Further analyses were performed using parametric or 
non-parametric tests depending on the normality results from 
Shapiro-Wilking’s test and heteroscedasticity Levene’s test. The 
relationship between metabolites and non-selected ecological 
variables were considered non-significant. We used analysis of 
variance (ANOVA) followed by Tukey’s test to clarify the rela-
tionship between metabolites and breeding period. We also used 
correlation tests to analyze the relationship between metabolites 
and BCI. We adopted a 95% confidence interval (p < 0.05); all 
analyses used R version 3.0.3 (R Core Team 2014).

RESULTS

The sampling effort was 103.680 h*m2. A total of 102 in-
dividuals of N. pallescens were captured and 28 were recaptured. 
We removed the recaptured individuals from analyses, resulting 
in a sample with 74 individuals, 74 blood glucose samples and 50 
blood ketone samples (the ketone test strips were not available 
for purchase during a two-month period). Twenty-eight of the 
captured individuals had brood patches: 19 presented a brood 
patch in P1, six in P2 and only three in P3. Sixty-four individ-
uals were infested with parasites, 56 were infested with feather 
mites, 40 were infested with chewing lice and 31 individuals 
were infested with both.

The model that best fits the relationship between glucose 
and ecological variables was the one that included breeding 
period, time of day and BCI. The final stepwise model for the 
relationship between ketone concentration and ecological 
variables showed that the best fit model included time of day, 
breeding period and chewing lice infestation (Table 1). The time 
of capture of N. pallescens influenced the concentrations of both 
metabolites. The concentration of glucose (mmol/L) varied sig-

Table 1. Summary of GLMs showing the relationship between the metabolites concentration and the variables selected by AIC stepwise 
model selection for N. pallescens in Reserva Biológica de Guaribas, PB.

Variables
Glucose

Variables
Ketones

Estimate Std. Error t value p-value Estimate Std. Error t value p-value

Intercept 27.5092 4.3109 6.381 <0.001 Intercept 1.59218 0.122289 12.956 <0.0010

Time of day [afternoon] 2.0841 0.9785 2.130 0.037 Time of day [morning] 0.38112 0.180290 -2.114 0.0406

Breeding period [P1] -2.0759 1.0650 -1.949 0.055 Breeding period [P1] -0.38683 0.199720 1.937 0.0597

Breeding period [P2] -0.7884 1.6935 -0.466 0.643 Breeding period [P2] 0.04555 0.312220 0.146 0.8847

Breeding period [P3] 4.6519 2.3706 1.962 0.044 Breeding period [P3] 0.36441 0.376820 0.967 0.3392

Body Condition Index -9.0580 4.3045 -2.104 0.039 Chewing lice infestation [infested] 0.47603 0.180290 2.640 0.0117
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nificantly with the bird’s time of capture and was higher during 
the afternoon (Table 1). Ketone concentrations (mmol/L) were 
higher in the morning (Table 1). The Spearman’s correlation 
between glucose and ketones showed that these metabolites 
are negatively correlated with each other (S = 31843.73, rho = 
-0.53, p < 0.01) (Fig. 1).

cose of non-breeding birds was negatively correlated with their 
BCI (S = 21242.05, rho:-0.31, p-value = 0.03) (Fig. 3). However, 
a correlation between BCI and glucose concentration –includ-
ing only those individuals with brood patches (28) – showed a 
positive and significant correlation (S = 2095.15, rho = 0.42, p = 
0.02) (Fig. 4). The ketone concentration and the breeding period 
presented a non-significant correlation (Table 1).

Figure 1. Spearman’s correlation between glucose and ketones 
concentration of individuals of N. pallescens in Reserva Biológica 
de Guaribas, PB. N = 50.

The rainy season is from March to August, and the dry 
season is from September to February. None of the metabolites 
showed a significant variation among the months, nor among 
the seasons. The monthly sample sizes are described in Fig. 2.

Figure 2. Monthly samples sizes of captured individuals of N. palles-
cens in Reserva Biológica de Guaribas, PB. Recaptured individuals 
are not included.

The glucose concentration was negatively correlated with 
body condition (Table 1). Further analyses showed that the glu-

Figures 3-4. Spearman’s correlation between Body Condition Index 
(BCI) and glucose concentration for breeding (3) (N = 28) and 
non-breeding (4) (N = 46) individuals of N. pallescens in Reserva 
Biológica de Guaribas, PB.

The breeding period of N. pallescens started at the end of 
July (P1) and climaxed in January (P3). It occurred throughout 
the rainy and dry seasons. Glucose concentrations showed 
significant variation during the developmental phases of brood 
patches with a higher concentration in P3 (Fig. 5) (ANOVA, F 
= 5.39, p = 0.01). Tukey’s test showed significant values only 
between P1 and P3 (Tukey’s Test, P2-P1: p = 0.76, P3-P1 = 0.01, 
P3-P2: p = 0.05).

3

4
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The ectoparasites found in N. pallescens were identified as 
chewing lice (Phitiraptera: Amblycera: Menoponidae) and feath-
er mites (Acari: Astigmata: Analgoidea). Individuals infested with 
chewing lice had higher ketone body concentrations (Table 1). 
Glucose concentration did not present a significant relationship 
with lice infestation. Neither metabolite concentration varied 
with feather mite infestation.

DISCUSSION

Glucose concentration in the blood of N. pallescens in-
creased during the day. This result reflects what is expected for 
diurnal birds like N. pallescens, which consume food throughout 
the day. Many studies have described glucose variation in birds 
(Ferrer et al. 1994, Jenni-Eiermann & Jenni 1997, Remage-Healey 
& Romero 2000). They also demonstrated similar results as this 
study – an increase in glucose during the day. Those analyses, 
however, were conducted using laboratory methods. Our results 
corroborate Downs et al. (2010), Lobban et al. (2010), Witteveen 
et al. (2014), who used portable glucometers to study glycemia 
in African birds. Those experiments found an increase in the 
concentration of glucose during the day (when birds were feed-
ing) and a decrease during the night (when birds were fasting).

Throughout the day, the variation in the concentration 
of ketones in the blood of N. pallescens was inversely propor-
tional to glucose concentration. A higher ketone concentration 
was found during the morning; ketone levels declined in the 
afternoon. This can be explained by the fact that N. pallescens 
fasts during the night, which results in ketone concentration 
increasing during this time. Similar results were observed by Jen-
ni-Eiermann & Jenni (1991, 1994) and Gerson & Guglielmo (2013) 
for small passerines in North America and Europe. The ketone 

concentration described in their studies was also associated with 
a fasting period.

The negative correlation between glucose and ketone 
concentrations seems to confirm the relationship between 
those metabolites. The glucose that is produced in the organism 
provides energy to many tissues such as the brain. During the 
fasting period, glucose must be spared. Since glucose is the first 
primary source of energy for animals, the complete consumption 
of this metabolite would be incompatible with survival. Thus, 
the liver releases ketone bodies from the chemical breakdown 
of fatty acids, which supplies glucose to the organism (Thompson 
& Wu 1991, Hegemann et al. 2012). This study was the first to 
describe this kind of correlation for a South American passerine 
in natural conditions.

The monthly sample sizes were very small in some 
months, so the test had low statistical power. The seasonal 
variations found in this research were similar to those in the 
study of Morais et al. (2014), who studied the Neotropical bat 
Sturnira lilium (Geoffroy, 1810). This bat has a body mass similar 
to N. pallescens, and its glucose concentration levels did not vary, 
in that study, between the rainy and dry seasons. For birds in 
temperate regions, the oscillation of metabolites in their organs 
are frequently related to other factors such as breeding period or 
migration behavior that can be associated with food shortages 
(Totzke et al. 1999, Rintamaki et al. 2003, Box et al. 2010, Hegemann 
et al. 2012). Our results suggest that the territory of N. pallescens 
provides abundant food year-round. Temporal changes such as 
rainfall might affect the seasonality of fruits and insects, but 
food is still constant in tropical habitats. As a result, the bird’s 
nutritional status is not affected.

Despite the lack of significant values for metabolite 
variation during the seasons, we found a significant oscillation 
during the incubation period of N. pallescens. This period started 
at the end of the rainy season. In the dry season, the birds were 
actively incubating (specifically, January). Thus, the breeding 
period is probably related to other environmental factors such 
as photoperiod, which might indicate the proper time to breed. 
It does not follow changes in precipitation. We hypothesize 
that photoperiod may influence the time of avian reproduction 
since the active incubation coincides with longer days. Thus, 
there would be more hours to forage and compensate for the 
energy spent in parental care. We made this assumption based 
on the study of Repenning & Fontana (2011) about bird breeding 
in southern Brazil.

The negative correlation between glucose levels and 
BCI for non-breeding birds could indicate that a high glucose 
concentration reflects body condition. However, the ketone 
concentration presented no correlation with BCI, indicating 
that the individuals were well fed. Moreover, the body mass of 
tropical passerines tends to be constant in normal conditions 
due to the regular food availability (Goulart & Rodrigues 2007, 
Machado-Filho et al. 2010, Cox & Cresswell 2014), while glucose 
concentrations can change rapidly over a short period of time 

Figure 5. Glucose concentration along the developmental phases of 
brood patches of N. pallescens in Reserva Biológica de Guaribas, PB.
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(Beuchat & Chong 1998). We presume that, even though the 
correlation was significant, glucose is not a predictor of body 
condition in these individuals, since they did not use their fat 
reserve.

During the breeding period, there was a positive correla-
tion between glucose and BCI. This showed that higher glucose 
concentrations result in better body conditions. Similar studies 
showed an increase in body mass and glucose concentrations 
during this period (Moe et al. 2002, Gayathri et al. 2004). During 
incubation, passerines usually gain mass – probably due to fat 
deposition and accumulation of fluids for brood patch forma-
tion (Sick 1997). Nonetheless, the lack of variation in ketone 
concentration during this period shows that, even though birds 
spend lots of energy incubating eggs, they do not use their lipid 
reserves for that. This result is similar to other studies on ketone 
concentration in incubating passerines (see Kern et al. 2005, 
Done et al. 2011).

The relationship between glucose and BCI in incubating 
birds indicates that individuals of N. pallescens nourish them-
selves in a way that compensates for the energy required for 
incubation. Thus, the metabolite variation probably reflects how 
individuals of the species divide their time between parental care 
and keeping their own body condition (Chastel et al. 1995, Moe 
et al. 2002). In the family Pipridae, only females incubate the 
eggs (Sick 1997), and our results are probably associated with a 
particular adaptive strategy of N. pallescens. According to Moreno 
(1989), these birds are not adapted to prolonged fasting and 
must ocasionally leave the nest to forage because they do not 
accumulate sufficient body fat to spend the entire incubation on 
the nest. Similar behaviors are described in the literature for some 
passerines that also perform uniparental incubation (see Lifjeld & 
Slagsvold 1986, Conway & Martin 2000, Kern et al. 2005, Alvarez & 
Barba 2014). Species that are adapted to prolonged fasting usually 
store fat to metabolize energy. This increases the concentration 
of ketones in the blood and decreases body condition (Hollmen 
et al. 2001, Vleck & Vleck 2002, Riechert et al. 2014).

The lack of correlation between metabolites and feather 
mites probably indicates a non-parasitic relationship between 
mites and birds. Blanco et al. (1997) suggested that such rela-
tionships should be described as mutualistic or commensalistic, 
because feather mites do not damage the host’s body condition. 
The chewing lice from the Menoponidae family feed exclusively 
on blood, and they are also permanent parasites (Hamstra & 
Badyaev 2009). Our results suggest that the lice may act to the 
detriment of the host’s body condition and might induce the 
bird to use its lipid reserves. Another possibility is that malnour-
ished birds are more vulnerable to ectoparasite infestations. We 
did not find studies correlating the concentration of glucose or 
ketones with the presence of ectoparasites in birds. Thus, this 
study is most likely the first to describe this correlation between 
ketone bodies and lice infestation in birds.

Our results offer new information on the ecology of N. 
pallescens by demonstrating that measuring glucose and ketone 

concentrations are effective means to detect temporal varia-
tions in the physiological condition of N. pallescens. Glucose 
is a good predictor of body condition in incubating birds due 
to its positive relationship with body condition. However, the 
lack of metabolite variation among the seasons shows that the 
nutritional status of tropical birds does not change when food is 
abundant. Thus, we conclude that glucose and ketone bodies can 
predict the nutritional status but in a context-dependent fashion. 
This is analogous to how glucose can predict body condition.

When there is variation in body mass, we observe that 
glucose is directly correlated with body condition. However, this 
physiological data is inadequate when body mass is constant. 
Using this variable as a metric of body condition requires specific 
knowledge about the relationship between nutritional status 
and body condition in specific contexts. Wilder et al. (2016) 
used BCI values, but it may be difficult to assess body condition 
with this metric because body mass does not always reflect the 
energy reserve of an animal. Thus more direct measures of body 
composition like fatty acids are suitable. We conclude that the 
relationship between BCI and these physiological variables may 
be complex or absent, which requires more investigation. This 
suggests that further studies should investigate the relationship 
between ketone concentration and chewing lice infestation.

Portable glucometers are useful to study wild birds. 
The Optium Xceed® medisense has been already validated to 
measure ketoacidosis for dairy cows (Voyvoda & Erdogan 2010) 
and glucose for horses (Peugnet 2014). Our data could not be 
validated versus a laboratory-based system because of the low 
blood volumes available in birds. Another question is that we 
have no information about the repeatability of the assays because 
we measured the blood metabolites in simplicates. While we 
observed metabolite variation similar to other studies, we do 
not for certain how our ‘assay compares with laboratory results.
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