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ARTICLE INFO ABSTRACT
Keywords: In this era of climate change, some biological conservationists’ concerns are based on seasonal
Seasonal studies studies that highlight how wild birds’ physiological fitness are interconnected with the immediate

Adult Village Weaver birds
Biometrics and stress indicators
General linear mixed model
APLORI Amurum Forest Reserve

environment to avoid population decline. We investigated how seasonal biometrics correlated to
stress parameters of the adult Village Weavers (Ploceus cucullatus) during breeding and post-
breeding seasons of the Weaver birds in Amurum Forest Reserve. Specifically, we explored the
following objectives: (i) the seasonal number of birds captured; (ii) whether seasonal baseline
corticosterone (CORT), packed cell volume (PCV), and heterophil to lymphocytes ratio (H:L) were
sex-dependent; (iii) whether H:L ratio varied with baseline (CORT); (iv) whether phenotypic
condition (post-breeding moult) and brood patch varied with baseline (CORT) and H:L ratio; and
(v) how body biometrics co-varied birds’ seasonal baseline (CORT), (PCV) and (H:L) ratio.
Trapping of birds (May-November) coincided with breeding and post-breeding seasons. The birds
(n = 53 males, 39 females) were ringed, morphologically assessed (body mass, wing length,
moult, brood patch) and blood collected from their brachial vein was used to assess CORT, PCV
and H:L ratio. Although our results indicated more male birds trapped during breeding, the
multiple analyses of variance (MANOVA) indicated that the seasonal temperature of the trapping
sites correlated (P < 0.05) significantly to baseline (CORT). The general linear mixed model
analyses (GLMMs) indicated that the baseline (CORT) also correlated significantly to H:L ratio of
the male and female birds. However, PCV correlated significantly to body size of the birds (wing
length) and not body mass. Haematological parameters such as the baseline CORT and the H:L
ratio as indicators of stress in wild birds. Hence, there is the possibility that the Village Weaver
birds suffered from seasonally induced stress under the constrained effect of environmental
temperature. Hence, future studies should investigate whether the effect observed is also
attributable to other passerine species.
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1. Introduction

Often, quantifying direct fitness parameters (such as reproductive failure and success or survival rate) might be labor intensive,
very difficult or nearly impossible in birds [1]. However, as a surrogate, it is suggested that assessing the hematological or physio-
logical indices can give valuable insight into the performance of animals in their environment [2]. To a greater extent also, relating
hematological or physiological indices to biometrics or phenotypic conditions of animals such as birds of different sizes is very
important [3]. Birds evolved with seasonality; hence, undergo seasonal activities such as migration, wintering, reproduction,
post-breeding, recovery, moult and preparation for the next breeding season to survive [4,5]. However, these seasonal activities are
demanding [6,7]; they are energetically costly [8,9] and lead to seasonal variation in the body condition of male and female birds [10].
As a result, leading to morphological, hematological or physiological fitness differences [1,5,11,12].

Indeed, most seasonal studies could highlight how wild birds are interconnected with their immediate environment, and could also
indicate birds’ resilience in the era of climate change [7]. In matured birds such as the Village Weavers (Ploceus cucullatus), the males
are larger than their female counterparts, and studies have found that the seasonal body condition and size of the birds are
sex-dependent [13]. Thus, there could be the possibility that these smaller (females) or larger (males) birds get subjected to contrasting
pressures at a certain period [7]. Thus, exploring how the seasonal body conditions of the Village Weaver birds impacts their he-
matological or physiological fitness is necessary.

This study explored how biometric and phenotypic conditions correlated to stress parameters of the male and female Village
Weaver birds during breeding and post-breeding seasons. Specifically, we investigated: (i) the seasonal number of Village Weaver birds
trapped during sampling; (ii) whether the seasonal variation in baseline corticosterone (CORT), packed cell volume (PCV), and het-
erophil to lymphocytes ratio (H:L) were sex-dependent; (iii) whether H:L ratio varied with baseline (CORT) of the birds; (iv) whether
phenotypic condition such as post-breeding moult on males, and brood patch on females varied with baseline (CORT) and H:L ratio
during breeding and post-breeding seasons; and (v) how birds body biometrics co-varied with male and female seasonal baseline
(CORT), packed cell volume (PCV) and heterophil to lymphocyte (H:L) ratio. Packed cell volume was used as the measure of the oxygen
demand of the birds, while body mass and wing length were used as the birds’ biometrics and body condition. Hematological pa-
rameters, i.e. heterophil to lymphocyte ratio (H:L) and baseline corticosterone (CORT) were used as the major stress indicators. Re-
straint duration, time of the day, and temperature (which is a major environmental factor that usually varies with seasons) of Amurum
Forest Reserve was also recorded as factors that could influence the birds’ body condition.

Baseline (CORT) measured within 3 min of capture [3,14-16] has made it possible to prevent any change in haematological and
physiological parameters [17]. Hence, before the study, we expected variation in birds’ baseline hormone [18], and that (CORT)
should be higher during breeding [19,20] to maintain allostasis [21,22]. Assuming that (CORT) is very sensitive [23] and influenced
by the higher energetic state of the birds during breeding and parental care [24-26].

Second, we expected that the male birds are naturally larger and heavier; therefore, should be more stressed, owing to the much
force and energy expended in lifting the body against gravity [27], which in turn, results in elevating (CORT) levels (CORT) [28].
Assuming that females are smaller in size and have less gravitational influence (larger surface area relative to size), and are deemed to
have an evolutionary advantage over the larger ones [29-31]; hence, their baseline (CORT) should be lower.

Third, we expected that the higher level of baseline (CORT) should cause a higher level of H:L ratio [1,32]. Assuming that (CORT) is
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Fig. 1. The QGIS map of the study area. Map of Nigeria (Inset Plateau State upper far left). Map of Plateau State (Inset Jos-East upper far right). Map
of Amurum Forest Reserve (Jos-East).
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capable for displacing circulating lymphocytes of the blood, while favoring a higher concentration of the blood heterophils [33,34]. In
this study, the baseline (CORT) was within the range of 0.7-57 pg/dL for both seasons [35,36], while the normal PCV range was
measured at 35 %, any value below this indicated anaemia in birds [37].

2. Materials and methods
2.1. Study area

The following study coincided with the Village Weavers breeding and post-breeding (September-November) in the year 2023.
Sample collection in the field was conducted in Amurum Forest Reserve of A.P Leventis Ornithological Research Institute (APLORI)
(Fig. 1), while hematological assay of the blood samples was conducted at national veterinary research institute (NVRI) laboratory in
Jos, Plateau State [38,39]. Amurum Forest Reserve is ca 300ha area located 15 km North-East of Jos-Plateau in North-Central Nigeria
(9° 52' 30" N and 8° 58 32" E) at an altitude of 1280 m a.s.1 [38,40].

Amurum Forest Reserve is among the important bird areas (IBA) of Nigeria [40]. The reserve comprises a remarkably floristic
composition of a gallery forest, woodland Savannah and a Rocky outcrop [41]. Within the reserve, trees such as Daniella oliveri, Khaya
senegalensis, Parkia biglobeasa, Lophura lauceolata and Ficius species create the forest habitat [42].

The climatic conditions of the reserve include a temperature range of 8-38 °C, and the mean annual rainfall of 1375-1750 mm [40,
41,43,44]. The rainy and dry seasons usually last for about 6 months each. Usually, the rainy season starts in May and ends in October,
while the dry season is between November and April [45]. Village Weavers usually breed when food and nesting materials are
available around the rainy season [46,47].

2.2. Description of target species

Adult Village Weavers were targeted during breeding (May—August) and post-breeding periods (September-November). The birds
peak of laying is around August [46]. Hence, plumage quality and brood patch were used to confirm adulthood. Generally, Village
Weavers are residents and local nomadic African migrants; widely spread across sub-Saharan Africa [48]. These birds flock in numbers,
form large nesting colonies, and have a stable population status [49,50]. Hence, before the breeding season, both males and females
possess a partial moult (prenuptial moult) of the head and body feather tracts. After breeding, the Village Weavers undergo a complete
moult of head, body and flight or wing feathers — males typically then take on a distinctive non-breeding (or eclipse) plumage (since
they are sexually dimorphic, males put on a different phenotypical plumage display during the breeding and non-breeding period) [13,
48]. The males are largely polygamous and territorial [48]; offering very little parental care [51], except during nest production [52].

The young Village Weavers are nearly like adult females but more brownish on the back [53]. Over years of ringing in APLORI, the
male and female Village Weavers of Amurum Forest Reserve during the non-breeding period (post-breeding) have been distinguished
by comparing the wing length. The wing length of the matured non-breeding male Village Weavers is within 91-94 m, while for the
females, between 81 and 86 (www.aplori.org).

2.3. Trapping of birds

The birds were trapped away from the constant effort sites (CES) of APLORI by using an understory mist net [45] around 5:30 a.
m.-10:00 a.m. Upon capture, each bird was fitted with a unique numbered aluminium ring, following the SAFRING system to avoid
re-sampling of individuals [54].

2.4. Morphological and phenotypical assessment

Trapped birds were aged and sexed (based on plumage) using a field assistant and the APLORI ringing guide. Briefly, the resident
bird was aged two: when a juvenile bird is not fully matured for the sex to be known; three: having juvenile plumage; four: having all
feathers of adult type; five: have a mixture of juvenile and adult feathers; adult: an adult of at least two years and above (www.aplori.
org).

Moulting is also measured for head, body and flight feathers. Body and head moult were scored based on the percentage of growing
feathers. That is, score one: no head or body in moult, while score two: 10-30 % of growing feathers on the head or body region, i.e. at
least one growing feather, and score three is: 40-60 % of growing feathers on the head or body region, i.e. approximately half of the
feathers growing, while score four: 60 % of growing feathers on the head or body region, i.e. over half of the head and body feather
growing. Meanwhile, in scoring the flight or wing feathers the guidelines of Ginn and Melvin [55] was usually adopted. That is,
moulting on any part of the body was scored as 1 (yes) or 0 (no-moult).

Brood patch which is largely found on female birds was assessed using guidelines and features adopted from Redfern [56]. Hence,
the absence of a brood patch was scored as 0, while its presence was scored as 1.

The native daily resolution temperature of Amurum Forest Reserve supplied by APLORI for the year was recorded at 2 m in degrees
Celsius. The data was supplied in collaboration with the NASA Langley Research Center (LaRC) POWER Project through the NASA
Earth Science/Applied Science Program.
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2.5. Blood collection

To prevent any physiologic change and to obtain a baseline concentration of CORT using blood serum, blood samples were
collected from the brachial vein after pricking with a sterilized lancet (into a heparinized and un-heparinized micro hematocrit
capillary tubes). Blood was collected within 3 min of capture [3,14,15,57,58]. Subsequently, birds were enclosed in individual cloth
bags for extended minutes to undertake another collection, since CORT attains maximum concentration after 30 min [15,59]. Thin
smears were made using a drop of blood from the heparinized capillary tube and fixed using 95 % ethanol for 10 min [60]. Afterwards,
the films were stained using Giemsa to access the differential blood cell count. The remnant of blood in the heparinized capillary tube
was used to access packed cell volume, while the serum obtained from the un-heparinized capillary tube was stored in a non-frost-free
freezer (at —20C) in order to quantify the baseline (CORT).

2.6. Hematological assay

The differential leukocytes were sorted based on morphology per slide [61,62]. Hence, heterophils and lymphocytes were assessed
by totaling 100 cells on the slide under 1000 x magnification using oil immersion [63].

The blood at 75 % mark of the heparinized capillary tube was sealed (using plasticine), then spun (to obtain the proportion of red
blood cells in the blood at 10, 000 rpm) for 5 min using a micro-haematocrit centrifuge before reading the packed cell volume on a
hematocrit reader [64,65]. In birds, the packed cell volume ranges between 35 % and 55 %; however, values below this range suggest
anaemia [37].

Owing to the ease of use, low cost and quick results, serum (CORT) was assessed by immunoassay [66]. The process involved the
use of Accu-Bind® enzyme-linked immunosorbent assay (ELISA) kits from Monobind Inc (#3625-300, California, USA). The quality
control ensured that each assay was controlled at low, normal and high range monitoring assay performance. While controls were
treated as unknown and values were determined in every test procedure performed. Furthermore, quality charts were followed, before
a pertinent statistical method was employed to assess trends under acceptable assay performance limit for the maximum absorbance.
Reagents attained room temperature before use; hence, we thawed the samples and kept them on ice to enhance binding of (CORT) to
corticosteroid-binding globulin (CBG) before use [67]. In triplicates, CORT assay was conducted based on the recommendation from
the kits manufacturers. The assay dilution factor was fully optimized (25-fold for Accu-Bind). In brief, microplates were formatted for
use and about 0.025 ml (25 pL) for each reference, control and specimen (serum) (in which the microplates were formatted) were
pipetted into the designated wells. Afterwards, 0.050 ml (50 pL) corticosterone enzyme was added and swirled for a few seconds,
before 0.050 ml (50 pL) corticosterone biotin reagent was added and swirled further. Afterwards, the microplate was incubated for 1 h
at room temperature, before aspirating contents and adding 0.350 (350 pL) of wash buffer. After aspirating the wash buffer, 0.100 (10
pL) of the working solution was added to the wells and incubated for 15 min before the addition of a stop solution. Finally, the plates
were read on a Thermo Fisher Scientific® microplate reader (Fisher Scientific, Porto Salvado, Portugal) at 450 nm wavelength. Within
and between plate repeatability were 0.94 and 0.96. The values obtained were used for plotting the standard curve and data
extrapolation using the R statistical package of version 3.2.5 [68].

2.7. Statistical design and data analyses

Data were analyzed in R 3.2.5 [68], a descriptive statistical analysis was used to sum up the mean biometrics and stress parameters
of the birds during breeding and post-breeding.

To test whether the seasonal variation in baseline corticosterone (CORT), packed cell volume (PCV), and heterophil to lymphocytes
ratio (H:L) was sex-dependent. A multiple analysis of variance (MANOVA). The baseline CORT, PCV and H:L ratio were the response
variables. The explanatory axis consisted of sex, body mass, wing length, restraint duration, time of the day, temperature and seasons
(breeding and post-breeding). The PCV added to the model as a response variable was to test whether restraint could induce an in-
crease in oxygen demand leading to a higher level of red blood cells [69]. In addition to the model above, there were interactions
between: (i) temperature and sex to test if the male or female birds responded differently to the reserves’ temperature (assuming that
the cold produced during the wet season is not advantageous to the female birds). For instance, we assumed that the female birds’
smaller size should enhance the rapid exchange of cold with the environment, in contrast to the males [70]; (ii) the interaction between
seasons and temperature was to test whether the seasonal variation in environmental temperature condition of Amurum Forest
Reserve impacted the stress parameters (assuming during peak of the breeding period around July and August of the year, there may be
a fall in temperature induced by the wet season, leading to cold stress in birds).

To investigate how H:L ratio varied with the baseline (CORT) of the birds, a general linear mixed model (GLMMs) analysis were
conducted. The response variable was the H:L ratio, while the explanatory axis consisted of the baseline (CORT), PCV, sex, body mass,
wing length, restraint duration, temperature and seasons. The interactions consisted of the (i) temperature and baseline (CORT)
(assuming that the variation in environmental environmental condition has a joint interactive effect on (CORT) level; thereby,
impacting H:L ratio); (ii) seasons and PCV (assuming seasonal variation in energetic activities impacts the PCV during breeding and
post-breeding); (iii) restraint duration and baseline (CORT) (assuming that handling impacts the CORT levels). The random effect
consisted of the birds’ and ringers’ IDs fixed in a nested random effect (i.e. 1|ringers/birds) (assuming that the birds trapped in the
reserved were measured by two observers; hence, variation in handling and measurements needs to be controlled). The Akaike In-
formation Criterion (AIC) was used to get the best model through a backward removal of non-significant terms [71]. The goodness of
fit, i.e. marginal R? (Rzm), as a result of fixed effects only) and conditional R? (ch), as a result of fixed and random effects) for the best
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model was assessed using the MuMIn package to ascertain how much of the variation is explained by the fixed and random effects
respectively [72].

To test how moulting conditions in males, and brooding on females varied with baseline (CORT) and H:L ratio during breeding and
post-breeding seasons, the data were sub-set. In MANOVA, the response variables for the male birds was baseline (CORT) and the H:L
ratio. The explanatory axis consisted of the moulting (yes/no), temperature, seasons, restraint duration, body mass and wing length of
the male birds. The interactions consisted of seasons and temperature, seasons and moulting, and moulting and restraint duration
(assuming that the male birds were bound to be more stressed during moulting and restraint). Meanwhile, the response variable for the
female birds was the stress parameters, the explanatory axis variables consisted of brooding status (yes/no), temperature, seasons,
body mass and wing length. The interaction consisted of the seasons and temperature, moulting and brooding, and brooding and
restraint (assuming that the female birds were bound to be more stressed during moulting and restraint).

To test how birds body biometrics co-varied with male and female seasonal baseline (CORT), packed cell volume (PCV) and
heterophil to lymphocyte (H:L) ratio, a principle component analyses (PCA) was used for the analyses. There is the possibility that the
stress parameters such as baseline CORT should co-vary with lymphocytes to influence the H:L ratio or the body mass of the birds
should increase as wing length increases. Assuming that the larger birds are heavier. Hence, the direction of the relationship between
male and female birds’ seasonal biometric condition and stress parameters was explored on the PCA. Our level of significance was P <
0.05.

3. Results

A total of (n = 92) Village Weavers were captured. Of the total number, the male birds were 53 individuals and occurred more
during breeding than post-breeding season (i.e. 33 and 20 individuals). Conversely, a total of 39 female birds were captured more
during post-breeding than the breeding season (25 and 14 individuals). Seasonally, the mean temperature of the reserve was higher,
and it was observed that both male and female birds were in better body condition (body mass index = BMI) during post-breeding.
During breeding, the mean baseline (CORT) and PCV of the male birds was higher, while their H:L ratio was lower during this
period. For female birds, mean PCV and H:L ratio were higher during breeding, while CORT level was lower during this period
(Table 1).

In MANOVA, the environmental temperature condition of Amurum Forest Reserve significantly correlated to baseline CORT of the
birds, while wing length correlated with PCV levels (Table 2). In GLMMs, baseline (CORT) strongly correlated significantly to H:L ratio
(Table 3). The males” CORT level was significantly influenced by seasons and the environmental temperature condition of the reserve
(Table 4). Whereas, the females’ CORT level was significantly influenced by the joint interaction of environmental temperature
condition and seasons, and between restraint duration and brooding status of the females (Table 5).

Loading of the PCA for seasonal variation in biometrics and haematological parameters of the male birds indicated that H:L ratio,
body mass, wing length and heterophils contributed more to the first (variance = 22.6 %) and second (variance = 18.5 %) PC (Table 6
and Fig. 2). The lymphocytes contributed more to the first PC of the female birds; and similar to the male birds, the female birds’ body
mass, wing length, heterophils and H:L ratio contributed more to both the first (variance = 23.4 %) and second (variance = 20.7 %) PC
(Table 6 and Fig. 3).

4. Discussion

Conservation biology is usually interested in the mechanisms that result in population declines [73]. As such, changes in hae-
matological or physiological parameters even at suboptimal levels interfere with birds’ fitness. Thus, assessing whole blood or its
serum is one way to measure the conditions wild animals face in their immediate environment [73]. In this study, more male Village
Weavers were trapped during the breeding season. This higher number of male birds might be attributable to either the conducive and

Table 1
The seasonal environmental temperature, biometrics and hematological parameters of the male and female Village Weaver Birds (n =
53 males, 39 females).

Year Variables Breeding Post- breeding
Temperature (°C) 25.5 + 0.7 28.8 £ 0.2

Males
Body mass index 0.47 £ 0.2 0.55+ 0.1
Packed cell volume (%) 57.9 +£1.5 55.9 +£ 0.3
Heterophil (pL) 53.5 + 0.9 58.0 + 0.4
Lymphocytes (uL) 51.6 £ 0.2 50.9 + 0.8
H:L Ratio 1.09 £ 0.9 1.14 £ 0.2
Baseline (CORT) (pg/dL) 0.87 £ 0.7 0.75 + 0.0

Females
Body mass index 0.41 +£0.1 0.47 £ 0.2
Packed cell volume (%) 58.0 +£ 0.2 56.2 + 0.4
Heterophil (pL) 60.1 +0.7 60.3 + 0.6
Lymphocytes (uL) 40.5+0.8 41.0 £ 0.2
H:L Ratio 1.17 £ 0.2 1.15+ 0.3
Baseline (CORT) (pg/dL) 0.59 +£0.3 0.67 + 0.9
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Packed cell volume, corticosterone and H: L ratio of Village Weaver birds in relation to restrain duration, time of the day, sex, environmental
temperature of Amurum Forest Reserve. Asterisk indicate significance (n = 53 males, 39 females).

Variables Sum Sq Mean Sq F P
Response Corticosterone

Sex 0.03 0.03 0.40 0.53
Body mass 0.09 0.09 1.36 0.25
Wing length 0.01 0.01 0.18 0.67
Restraint duration 0.02 0.02 0.37 0.55
Time of day 0.09 0.09 1.44 0.23
Temperature 0.27 0.27 4.29 0.04*
Seasons 0.15 0.07 1.15 0.32
Sex: Temperature 0.04 0.04 0.66 0.42
Temperature: Seasons 0.25 0.12 1.96 0.15
Response H:L Ratio

Sex 0.01 0.01 0.03 0.99
Body mass 0.01 0.01 0.02 0.98
Wing length 0.03 0.03 0.18 0.67
Restraint duration 0.02 0.02 0.09 0.76
Time of day 0.03 0.03 0.19 0.66
Temperature 0.11 0.11 0.69 0.41
Seasons 0.24 0.12 0.72 0.49
Sex: Temperature 0.09 0.09 0.56 0.45
Temperature: Seasons 0.47 0.23 1.43 0.24
Response PCV

Sex 6.87 6.87 0.38 0.54
Body mass 5.10 5.10 0.29 0.59
Wing length 148.8 148.8 8.35 0.01*
Restraint duration 15.53 15.5 0.87 0.35
Time of day 0.49 0.49 0.03 0.87
Temperature 6.95 6.95 0.37 0.53
Seasons 41.2 20.6 1.15 0.32
Sex: Temperature 0.03 0.03 0.01 0.96
Temperature: Seasons 6.91 3.46 0.19 0.82

Table 3

Heterophil and lymphocyte ratio in relation to corticosterone and sex of the birds. Sex was not significant but AIC indicated that the final model with
sex as a predictor was the best (i.e. having the least AIC strength). The marginal (R®M) and condition (R?C) values are given for the final significant

parameters of the models. Significant terms are in asterisk. (n = 53 males, 39 females).

Variables Estimate SE t p R°M R’C
0.52 0.74

Response H:L Ratio

Intercept 0.89 0.12 7.22 0.01*

Sex (male) —0.01 0.08 -0.08 0.94

Baseline (CORT) 0.36 0.16 2.29 0.02*

Table 4

Males’ body mass, wing length, restraint duration, seasons and moult status in relation to corticosterone and H:L ratio of the Village Weaver birds.

Asterisk indicate significance (n = 53 males).

Variables Sum Sq Mean Sq F P Sum Sq Mean Sq F P
Males

Response Corticosterone Response H:L Ratio

Body mass 0.04 0.04 0.68 0.41 0.01 0.01 0.02 0.89
Wing length 0.01 0.01 0.03 0.86 0.12 0.12 0.74 0.39
Restraint duration 0.12 0.12 2.04 0.16 0.01 0.01 0.03 0.86
Temperature 0.30 0.30 5.08 0.03* 0.14 0.14 0.87 0.36
Moult 0.21 0.21 3.53 0.07 0.32 0.32 1.94 0.17
Seasons 0.27 0.27 4.48 0.04* 0.20 0.20 1.21 0.28
Temperature x Seasons 0.02 0.02 0.28 0.59 0.51 0.51 3.14 0.08
Moult x Seasons 0.01 0.01 0.01 0.95 0.16 0.16 0.98 0.33
Restraint duration x Moult 0.11 0.11 1.93 0.17 0.31 0.31 1.87 0.18
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Table 5
Females’ body mass, wing length, restraint, seasons and brooding status in relation to corticosterone and H:L ratio of the Village Weaver birds.
Asterisk indicate significance (39 females).

Variables Sum Sq Mean Sq F P Sum Sq Mean Sq F P
Females

Response Corticosterone Response H:L Ratio

Body mass 0.05 0.05 0.96 0.33 0.01 0.01 0.01 0.89
Wing length 0.03 0.03 0.55 0.46 0.01 0.01 0.03 0.39
Restraint duration 0.03 0.03 0.60 0.44 0.05 0.05 0.31 0.86
Temperature 0.05 0.05 1.10 0.30 0.01 0.01 0.07 0.36
Brooding 0.09 0.09 1.77 0.19 0.01 0.01 0.01 0.17
Seasons 0.02 0.02 0.41 0.53 0.01 0.01 0.01 0.28
Temperature x Seasons 0.27 0.27 5.54 0.02% 0.01 0.01 0.01 0.08
Brooding x Seasons 0.07 0.07 1.39 0.25 0.06 0.01 0.33 0.33
Restraint duration x Brooding 0.36 0.36 7.21 0.01° 0.13 0.13 0.77 0.18

2 = Emphasizing significance.

Table 6
Loadings of PCA for environmental temperature, time of the day, restraint duration, biometrics and hematological parameters of male and female
Village Weaver birds during breeding and post-breeding (n = 53 males, 39 females).

Variables Males Females
PC1 PC2 PC1 PC2
Packed cell volume 0.13 0.39 0.15 -0.19
Baseline (CORT) —0.48 —0.03 -0.17 0.43
Heterophils —0.55 0.55 —0.56 0.57
Lymphocytes 0.45 -0.37 0.62 -0.27
H: L Ratio —0.72 0.63 —0.62 0.67
Temperature —0.45 —0.23 0.22 0.33
Wing length —0.63 —0.59 0.60 0.60
Body mass —0.54 —0.64 0.64 0.59
Time of day (TOD) —0.24 0.02 —0.47 —0.43
Restraint duration 0.19 0.20 —0.37 0.02
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Fig. 2. Principal component analyses (PCA) indicating the score plot for the first and second components. The large oval blue shape indicates the
direction of the relationship between the biometrics of the male Village Weaver birds’ stress parameters during breeding; the oval yellow shape
indicates the direction of the relationship between biometrics and stress parameters of the male birds during post-breeding. The arrows length is
approximation of variance of the variables, while angles approximate the correlations. Points closer to each other indicate they have similar score on
the PCA components. The biplot suggests that body mass and wing length negatively correlated to packed cell volume (PCV) and restraint duration.
On the other hand, heterophil and the heterophil to lymphocyte ratio (H:L) were negatively correlated to males birds’ lymphocytes. Time of day
(TOD) and temperature moved in the same direction as corticosterone; hence, suggesting a positive correlation. (For interpretation of the references
to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 3. Principal component analyses (PCA) indicating the score plot for the first and second components. The larger yellow oval shape indicates the
direction of the relationship between the biometrics of the female Village Weaver birds’ stress parameters during post-breeding; the oval blue shape
indicates the direction of the relationship between biometrics and stress parameters of the female birds during breeding. The arrows length is
approximation of variance of the variables, while angles approximate the correlations. Points closer to each other indicate they have similar score on
the PCA components. The biplot suggests that temperature, body mass and wing length negatively correlated to time of day (TOD). Heterophil,
corticosterone and the heterophil to lymphocyte ratio (H:L) correlated positively to each other. However, the increase of these three parameters had
a negative effect on the packed cell volume (PCV) and lymphocytes of the female birds. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)

cooler temperaature condition of Amurum Forest Reserve during the breeding season, or the male birds were encountered more during
this period because the birds were sexually active and the need to search for mates during the breeding. Conversely, the lower number
of female birds encountered in this study was attributed to the fact that some female birds were brooding and incubating the eggs as
part of their parental effort during breeding.

The temperature condition of Amurum Forest Reserve was higher during post-breeding; however, during this period, both male and
female Village Weavers experienced a higher mean BMI (Table 1). Indeed, relatively short-term seasonal variations in weather indices
are crucial extrinsic drivers of avian body condition [26], and at higher mean levels, temperature usually correlates with the body
condition of passerine birds [74-76]. In this regard, female Village Weavers’ high mean BMI under higher mean temperture (during
post-breeding) is attributable to the weight gained to make up for the expended energy during breeding (owing to the draining of the
birds’ body nutrients during laying and incubation of eggs) [26]. On the other hand, the high male BMI during post-breeding (under
higher mean thermal condition) is attributable to the less energetic activities during this period, when compared with the more energy
expended to acquire more mates and guard territories during breeding (Table 1).

Sex was not a determining factor influencing the baseline (CORT), PCV and H:L ratio of the Village Weavers; however, contrary to
our expectation that the birds’ baseline (CORT) should be higher during breeding, we found that the mean baseline (CORT) for both
male and female birds during breeding and post-breeding exceeded set baseline value of 0.7-57 pg/dL (of other studies e.g. [35,36].
These higher mean value in baseline (CORT) is usually attributed to the short-term changes in temperature condition during breeding
and post-breeding seasons. Basically, environmental temperature is a major determinant of (CORT) release in most vertebrates
[77-80]. As such, the current study found that the baseline (CORT) of both male and female birds significantly correlated to mean
temperature of Amurum Forest Reserve (Table 2).

To respond to stimuli, there is a fast transient release of (CORT) far above the normal baseline (CORT) [81,82]. The acute elevation
of baseline (CORT) support immune responses and mobilize energy reserves for animals to escape a potentially dangerous situation
[83]. However, under chronic situations, prolonged release of (CORT) could lead to disrupted cognition, immune function and poorer
breeding success [84-86]. In line with our prediction, and owing to the impact on immune function [84], this study found that the H:L
ratio correlated to baseline (CORT) levels of the birds (Table 3).

In this study, one of our objectives was to investigate whether post-breeding moult on male birds (an energetically demanding
period when sexually dimorphic male birds replace their breeding plumage feathers) [87], and whether brooding status in female birds
correlated to stress indicators (i.e. baseline CORT and H:L ratio). However, we found that seasons and environmental temperature
mainly correlated to males’ baseline (CORT) (Table 4). Conversely, we observed that the joint interactive effect between restraint and
brooding, and between environmental temperature and seasons correlated to females’ baseline (CORT) (Table 5). The possible reason
for female passerine birds such as the Village Weavers to secrete more (CORT) during restraint could be linked to the female birds’
smaller size [88]. Even though, in this study, we expected that the female birds’ body size should have a less gravitational influence
(larger surface area relative to size) that would give them an evolutionary advantage over their male counterparts [29,30,70]; hence,
restraint and brooding should not have correlated to female birds’ baseline (CORT).

The wing length (which was used as a measure for both male and female birds’ body size) correlated to packed cell volume of the
birds (Table 2). More so, the direction of the relationship on a PCA biplot suggests that restraint caused an increase in packed cell
volume of the male birds (Fig. 2), when compared with the females (Fig. 3). Indeed, packed cell volume is important in the
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transportation of oxygen and glucose to aid the production and regulation of energy in body tissues [89]. However, restraining the
birds even within 3 min of capture might have had a serious consequence on the female birds’ oxygen supply.

In male birds, environmental temperature increased with an increase in baseline (CORT), and there is the possibility that the
increase in (CORT) impacted the H:L ratio. As such, there was a negative relationship between heterophils and lymphocytes (Table 6
and Fig. 2). In a previous study, the H:L levels changed due to (CORT)-induced redistribution of the blood cells from the various parts of
the body. The process led to an increase in heterophils, while causing the opposite to occur for the lymphocytes [90]. The
stress-induced reductions in the number of circulating lymphocyte is not due to the killing or destruction of the cells, but rather it is
suggested that (CORT)-induced stress usually causes the redistribution of lymphocytes from the blood to other body compartments
[33]. Thus, in response to (CORT), the circulating lymphocytes become redistributed to the endothelial cells that line the walls of blood
vessels, before undergoing transmigration and get sequestered into other tissues such as the lymph nodes, spleen, bone marrow and
skin [33,91,92]. More so, from the first PC of this study, there is the possibility that larger or heavier male birds experienced a higher
release of (CORT) which impacted the male birds’ lymphocytes (Table 6 and Fig. 2). As such, there is the possibility of the disruption of
the male birds’ immune function during breeding and post-breeding seasons.

Conversely, the female birds’ second PC suggests a positive relationship between baseline (CORT), body mass, body size, H:L ratio,
baseline (CORT) and the environmental temperature (Table 6 and Fig. 3). Despite this, there is the possibility that the size or weight of
the female birds may associate negatively with the birds’ heterophil level as shown by the negative relationship between body mass
and wing length of the female birds in relation to the heterophils of the females’ on the first PC (Table 6 and Fig. 3). Suggesting that the
smaller the female birds are, the lower their chances of fighting infection or performing their role in innate immune function, and
mediating the acute inflammation response [93].

5. Conclusion

The breeding and post-breeding biometrics in relation to stress indicators of the Village Weavers has been documented. Suggesting
that seasonal condition of the environment impacts wild animals’ abundance, morphology and physiology. As such, activities under
constrained environmental temperature condition and restraint during breeding and post-breeding affect wild birds’ haematological
and physiological indices. Basically, the seasonal effect of thermal condition impacted the baseline (CORT) of the birds, which in turn,
affected other hematological processes of the birds. For instance, the elevated level of heterophils and the opposite observed for the
lymphocytes suggest the effect of (CORT) on stress indicators. In spite that this study confirmed the seasonal physiological condition of
the Village Weavers, and suggested factors that could possibly impact them, there is still a need for future studies to confirm whether
the variation in morphological and stress indicators is possible in birds of different species.
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