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ABSTRACT: Efforts to conserve birds of prey have been increasing over the past
three decades, highlighting breeding programs in captivity and zoos, scientific
research, environmental education, rehabilitation and reintroduction. In order to
generate subsidies for such actions, blood samples and gonads were collected from
24 roadside hawks to determine the hematological and hormonal indexes and
gonadal morphology. Routine techniques for hematological, histological and
chemiluminescence analyses were used to determine hematology, gonadal
morphology and hormone levels, respectively. Hematological values of PCV,
erythrocytes and lymphocytes differed between the birds recently-arrived in captivity
and the birds with at least one year of captivity, a difference associated to the higher
level of stress of the newly arrived animals due to the recent exposure to captivity
conditions. T3 was significantly different between females and males, and T3 and T4
were higher in animals during feather moulting. The gonadal morphology was similar
to that of other birds, however, persistence of the right ovary was observed in 66%
of the cases, and other characteristics indicative of a seasonal reproductive cycle in
the Brazilian Northeast. The data collected serve as subsidies for the clinical care of
this species, besides providing a better understanding of the reproduction of birds of
prey, and assisting in the preservation.
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RESUMO: Os esfor¢cos para a conservacdo das aves de rapina vém aumentando
nas ultimas trés décadas, destacando-se programas de reproducdo em cativeiro e
zoologicos, pesquisas cientificas, educacdo ambiental, reabilitacdo e reintroducéo.
Para gerar subsidios para tais acfes foram coletadas amostras de sangue e
gbnadas de 24 gavibes-carij0 para determinacdo dos indices hematoldgicos,
hormonais e morfologia gonadal. Foram utilizadas as técnicas de rotina para as
analises hematoldgicas, histoldgicas, e de quioluminecéncia, para a determinacéo
da hematologia, da morfologia gonadal e dos niveis hormonais, respectivamente.
Os valores hematologicos de VG, eritrocitos e linfocitos diferiram entre as aves
recém-chegadas ao cativeiro e aves com no minimo um ano de cativeiro, diferenca
associada ao maior estresse dos animais recém-chegados devido a recente
exposicao as condicdes de cativeiro. T3 apresentou diferenca significativa entre
fémeas e machos, e T3 e T4 foram mais altos em animais em muda de penas. A
morfologia gonadal foi semelhante as demais aves, entretanto, observou-se
persisténcia de ovario direito em 66% dos casos e outras caracteristicas indicativas
de um ciclo reprodutivo sazonal no Nordeste brasileiro. Os dados coletados servem
como subsidios para atendimentos clinicos dessa espécie, além de proporcionar
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uma melhor compreensao da reproducdo das aves de rapina auxiliando na sua
preservacao.
Palavras-chave - endocrinologia; histologia; par@metros sanguineos; rapinantes
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INTRODUCTION

The Roadside Hawk
(Rupornismagnirostris, Gmelin, 1788) is
a bird of prey that occurs from Mexico to
Argentina, and is found in all Brazilian
territory (Fergunson-Lees and Christie
2001). It belongs to the Accipitriformes
genus and the Accipitridae family
(CBRO, 2011), has an average size of
31 to 40 cm, weighs from 250 to 300
grams according to sex and subspecies,
and has a dark back and striated chest.
Its tail has 4 to 5 light strips contrasting
with dark gray or black strips (Sick,
1997). Molecular studies show that this
species is the most primitive of all
Buteos, which led to its classification into
a genus of its own: Rupornis (Lerner et
al., 2008). Its name comes from the
Greek: rhupos = dirty, dirt; and ornis =
bird; and from the Latin: magnus = big;
and rostris = beak; thus, being the dirty
hawk with a big beak or the big-beaked
falcon (Latham, 1781). These birds
inhabit open fields, edges of forests,
woods, banks of rivers, lakes and
urbanized areas (Sick, 1997), and they
are adapted to anthropic action, so they
are easily observed in urban centers,
where it is possible to observe their
reproduction (Santos and Rosado,
2009).

They are among the birds of prey
most frequently taken to Triage Centers
in several regions of Brazil, in many
cases requiring clinical analysis and
rehabilitation before being released.
However, it is necessary to know the
standard hematological values in order
to establish criteria for release (Black et
al.,, 2011) and assist in clinical
diagnoses. So far, these standards and
criteria are non-existent, even because
the stress caused by captivity can
change some of the hematological
parameters (Davison and Flack, 1981;
Post et al., 2003; Speer and Kass, 1995;
Rodler et al., 2015).

Another gap in knowledge of birds
of prey is related to the hormonal
parameters related to stress and
reproduction. The reproductive cycle of
animals is controlled by several factors
that affect the secretion of sex hormones
and the presence of specific receptors
for these hormones (Madekurozma et
al., 2002). The cyclic variation of
testosterone has already been described
in some species such as in the Chinese
quail and in the Hylophylaxnaevioide; in
these species it is possible to observe
changes in the reproductive system,
such as the presence of spermatozoa in
the seminiferous tubule and increased
height of the seminiferous epithelium
(Amoroso et al., 2008; Baraldi-Artoni et
al., 2007). However, there is lack of
information in literature about testicular
morphology of birds of prey, including
the roadside hawk.

In the females, an important
difference compared to mammals is the
development of only one of the ovaries
in most birds, the left ovary (Parizzi et
al., 2007). Regarding seasonality, in
some females, it is possible to observe a
positive  correlation  between  the
increase of the photoperiod and the
thickness of the wall of the follicle and
increase in the amount of mature
follicles (Dixit and Singh 2013). There
are only two studies available related to
seasonal patterns of hormone secretion
in birds of prey, an article involving bald
eagles (Haliaaetus leucocephalus) in
captivity (Bercovitz et al., 1982), and one
with free male American Kestrel (Falcos
parveverius) (Pereira et al., 2010). There
are no such studies on the roadside
hawk, neither on the morphology of the
gonads of these species.

Since there is a difficulty to collect
blood samples in birds, and in the
scarcity of reference values, the use of
techniques with small volumes of
samples, and the laboratory diagnosis in
birds, including falconiformes, are
impaired. There is still an aggravating
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factor: most of the scarce data available
originate from studies conducted outside
of Brazil, where most of the time the
climates and managements differ from
those in our environment. Therefore,
insufficient clinical reference data and
complementary tests limit the diagnosis
of metabolic and/or nutritional diseases
in captive species (Thralli et al., 2012).
Thus, knowledge of the hematological
alterations of captive birds can serve as
subsidies for the study of the responses
of animals in the wild within a certain
pathogen or challenge, as well as
facilitate the diagnosis of diseases
(Carvalho et al., 2013).

Considering the above, the
present study aims to standardize the
hematological values, hormonal indexes
and morphology of the gonads of the
roadside hawk, in order to generate
subsidies for the care of this species and
for projects of reproduction and
reintroduction into nature.

MATERIAL AND METHODS

For the hematological study,
blood samples were collected from 12
adult individuals (6 females and 6
males) of the Rupornis magnirostis
species from the Zoobotanical Park
Arruda Camara, Jodo Pessoa, Paraiba.
The birds were physically contained,
immobilized, and a falconry hood was
used to lessen their stress. Blood
collection was performed by puncturing
the cephalic artery. Blood samples were
at most 1% of the live weight (Carvalho
et al., 2013; Almosny et al., 2007).
EDTA was used as an anticoagulant.
Routine techniques were used for the
hematological parameters: globular
volume, erythrocytes, hemoglobin, mean
corpuscular volume (MCV), mean
corpuscular hemoglobin concentration
(MCHC), total plasma protein (TPP),
fibrinogen, leukogram,  monocytes,
heterophils, lymphocytes, eosinophils

and basophils (Thralli et al., 2012). For
the hematological analyses, the zoo
animals were divided into two groups,
the first composed of recently-arrived
birds (3 months on average) that were
destined for release (6 specimens), and
the second group was composed of
birds that were already part of the zoo
for more than a year (6 specimens).

For the hormonal analysis, a
another 12 specimens were used, 6
females and 6 males, destined to the
Center for Rehabilitation of Wild Birds
(Centro de Reabilitacdo de Aves
Silvestres - CeRAS), of the Zoological
Park Arruda Camara, according to the
authorization for scientific  activity,
number 46535-1 of the SISBio-IBAMA
and Certificate of the Ethics Committee
on the Use of Animals of the Federal
University of Paraiba (Certiddo da
Comissdo de Etica no Uso de Animais
da Universidade Federal da Paraiba -
CEUA-UFPB) number 172/2015. For the
experiment, the birds were anesthetized
with ketamine (20 mg / kg-1) and
xylazine (1 mg / kg-1) and blood was
collected by intracardiac puncture
without the presence of anticoagulant to
obtain serum, which was preserved by
freezing. After the collection of the
samples, the animals were euthanized
through the use of intracameral
lidocaine. The hormonal analysis of
thyroid stimulating hormone (TSH),
triiodothyronine (T3), thyroxine (T4),
follicle stimulating hormone (FSH),
luteinizing hormone (LH), estradiol (E2),
progesterone and testosterone was
performed by the chemiluminescence
method.

After euthanasia, these animals
were dissected for analysis of the
topography of the sex organs and their
morphology. The organs were collected
and submitted to standard histological
processing (Martinez-Silvestre et al.,
2011; Ramos et al, 2011). For the
histological analysis, the tissues were
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cut to a thickness of 5 ym and stained
with hematoxylin and eosin for the
observation of the structures and to
obtain photomicrographs through the
Moticilmage Plus 2.0 program of the
Moticam 2500 camera coupled to an
Olympus BX-60 microscope.

For the statistical analysis, the
Bioestat 5.3 program was used to
compare the values of the groups. The T
and Mann-Whitney tests were used, to
analyze parameters with  normal
distribution and those without normal
distribution, respectively.

RESULTS

The results for the hematological
parameters and hormonal indexes are
found on Table 1.

Table 1 - Weight, haematological standards and
hormonal indexes of captive Roadside Hawks
(Rupornis magnirostris) in the Zoobotanical Park
Arruda Camara, Jodo Pessoa, PB, Brazil.

Hormonal Indexes

TSH (uUl mL?) 0.28+0.02 0.01
T3 (ng dL?) 178.42+129.37 37.35
T4 (mcg dL) 1.46+1.04 0.30
FSH (mUI mLY) 0.33+0.36 0.10
LH (mUIl mL?) 0.29+0.57 0.16
E2 (pg mL?) 37.33+£21.49 6.20
Progesterone (ng mL?) 1.48+0.92 0.27
Testoterone (ng dL ) 10.35+1.21 0.35

PCV: Packed cell volume. RBC: Red Blood Cell. Hb: Hemoglobin
concentration. MCV: Mean corpuscular volume. MCHC: Mean
corpuscular hemoglobin concentration. TP: Total Protein. WBC: White
Blood Cell. TSH: Thyroid stimulating hormone. T3: Triiodothyronine.
T4: thyroxine. FSH: Follicle Stimulating Hormone. LH: Luteinizing
Hormone. E2: Estradiol.

It is possible to find different
values in the hematological parameters
of groups 1 and 2 (Table 2). For FCV
and erythrocytes, the values are higher
in the group formed by the recently
arrived birds at the zoo (3 months on
average), and for lymphocytes, the
values are higher in group 2, of the birds
that had been in the zoo for more than
one year.

Table 2 - Comparison of haematological parameters
of the two groups of Roadside Hawk (Rupornis
magnirostris), group 1: with newly arrived birds (up to
3 months) to the zoo and group 2: with birds of the
Zoological Park Arruda Camara, more than a year.

Parameters Average Default error
Weight 267.68+30.48 8.80
Erythrogram
PCV (L LY 0.3620.04 0.01
RBC (x10% L) 1.79+0.26 0.07
Hb (g LY 8.09+0.78 0.22
MCV (fL) 199.55+13.01 3.61
MCHC (%) 22.87+1.96 0.54
TP (g LY 5.15+1.19 0.33
Fibrinogen (g L) 0.12+0.11 0.03
Leukogram
WBC (x10° L) 13.28+5.45 1.51
Monocytes (%) 10.00+7.08 1.96
Monocytes (x10° L1 1.21+1.05 0.29
Heterophiles (%) 57.79+15.53 4.31
Heterophiles (x10° L) 7.52+5.22 1.45
Lymphocytes (%) 5.67+3.60 1.00
Lymphocytes (x10° L) 0.73+0.64 0.18
Eosinophils (%) 14.2+8.82 2.45
Eosinophils (x10° L?) 1.43+1.38 0.38
Basophils (%) 1.35+1.78 0.49
Basophils (x10° LY 0.15+0.15 0.04

Geral Group 1 Group 2
Weight (g) 267.00£30.00 256.00+18.00° 283.00+38.00°
PCV (LLY) 0.3620.04 0.38£0.04°  0.330.020°
RBC(x10”LY) 1774026  1.90+0.29° 1.63+0.79°
Hb (g L) 8.090.78 8.3020.85" 7.8420.68?
MCV (fL) 199.5548.78  194.49+15.82%  204.61+7.77°
MCHC (%) 22874196  21.99+149°  23.93+2.08°
TP(QLY 5.15+1.19 5.51+1.372 4.72+0.812
Fibrinogen (9 L") 0.12+0.11 0.14+0.13 0.10£0.10°
Leucograma
(x10° L) 13284545  13.06£6.62°  13.54+4.32
Monocytes (%
ytes (%) 10.8147.38  10.35¢6.58°  11.33+8.82
Heterophiles (%)
577941553  63.42+12.49°  52.16+17.27°
Lymphocytes (%
ymphooytes (%) ¢ 07,360 3.64£205°  8.50:3.48"
Eosinophils (%)
14.20+8.82  13.75+10.09°  14.87+7.89
Basophils (%
phils (%) 1.35£1.76 1.50+2.12° 11741470
Monocytes
(x10° L) 1.31+1.03 1.35+0.99° 151+1.248
Heterophiles
(x10° L) 8.15+4.91 9.06+6.20° 7.23+3.542
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Lymphocytes

(x10°LY) 0.79+0.63 0.43+0.19° 1.28+0.71°
Eosinophils

(x10°LY) 1.85+1.29 1.75+1.55% 2.00+£0.96%
Basophils

(x10° LY 0.15+0.15 0.14+0.15° 0.15+0.15*

PCV: Packed cell volume. RBC: Red Blood Cell. Hb: Hemoglobin
concentration. MCV: Mean corpuscular volume. MCHC: Mean
corpuscular hemoglobin concentration. TP: Total Protein. WBC: White
Blood Cell. Means with different letters presented significant
difference (P <0.05).

The values found for testosterone
are below the sensitivity of the tests
currently used in routine laboratories.
Among the 12 animals, only one female
presented a value above 10ng dL-1
(minimum sensitivity of the test), a value
of 142 ng dL-1. T3 values were
significantly different between the sexes,
being higher in males (Table 3). Two
birds had above-average T3 values: one
female (491 ng dL-1) and one male
(273ng dL-1); they also showed growth
of the primary wing feathers. For T4, the
aforementioned male also had elevated
indexes (4,7mcg dL-1), but the female
had an index within the mean.

Table 3 - Mean and standard deviation of the
hormonal indexes between females and male
Roadside hawks (Rupornis magnirostris) from seizure
and assigned to the Wild Bird Rehabilitation Center
(CeRAS) in Jodo Pessoa, PB, Brazil.

Hormones Female Male
TSH (uUI mL1) 0.03+0.03 2 0.02+0.01 2
T3 (ng dL?) 95.80+26.502 195.17+97.77 b
T4 (mcg dL™?) 1,10+0.172 1.82+1.42%
FSH (mUl mL1)  0.24+0.052 0.21+0.04 @
LH (mUI mL1) 0.13+0.03 2 0.13+0.08 2
E2 (pg mL1) 34.33+21.67% 40.33+22.912
Progesterone

(ng mL1) 1.55+1.062 1.41+0.85%
Testosterone

(ngdL?) 10.70£1.71*  10.00+0.00 &*
TSH:  Thyroid stimulating  hormone.  T3:
Triiodothyronine. T4: thyroxine. FSH: Follicle

Stimulating Hormone. LH: Luteinizing Hormone.
E2: Estradiol* Testosterone values in most animals
were below the minimum value detected by the
laboratory test. Means with different letters
presented significant difference (P <0.05).

The roadside hawks had a pair of
testicles located inside the coelomic
cavity, with creamy yellowish coloration,
with the left testicle (4.07 £ 0.73 x 2.82

0.18 mm) slightly larger than the right
one (3.55 + 0.31 x 2.70 £ 0.14 mm),

cranially related to the adrenal glands
and ventral to the kldneys (Flg 1a)

Figure 1 - Photographlc |mage and photomlcrographs
of testicles of roadside hawk (Rupornis magnirostris).
A) Photographic image showing the Testicles (T),
cranially related to the adrenal glands (a) and ventral
to the kidneys (R), and epididymis (*) emerging in the
lateral regions of the testicle. B) Photomicrograph of
the seminiferous tubules showing spermatozoa in the
lumen of the seminiferous tubule (arrow) and Sertoli
cells (arrowhead). C) Testicular photomicrography
demonstrating the tunica albuginea (TA) and
seminiferous  tubules  positioned longitudinally
(arrowheads). B) Bar: 100 pm. C) Bar: 200 um. B, C:
hematoxilin-eosin stain.

The testicular parenchyma was
composed of seminiferous tubules and
the intertubular interstitial compartment
(Fig. 1b, c); it was wrapped by the tunica
albuginea (Fig. 1c). The tunic was
composed of connective tissue that
enveloped the testis, rich in collagen
fibers, but without sending septa to the
parenchyma, so it was not divided into
lobes. Beneath the connective tissue
there was a layer rich in blood vessels.
The  seminiferous  tubules  were
irregularly enveloped, formed by the
seminiferous epithelium, composed of
cells of the spermatogenic lineage and
support cells (Sertoli cells), and covered
externally by a layer of fibroblasts that
delimited the tubule. In the animals
analyzed it was possible to observe the
seminiferous epithelium in different
phases, one which was composed only
by Sertoli cells and spermatogonia (Fig.
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1c), in immature or young animals or
animals that are in the early proliferation
phase. In some animals, primary
spermatocytes and rounded spermatids
were also observed, and in one animal it
was possible to verify all the phases of
spermatogenesis (Fig. 1b).

In the interstitial space there were
Leydig cells, fibroblast, collagen fibers
and blood vessels. The interstitial or
Leydig cells in the animals analyzed
were difficult to visualize, generally they
were found in more developed interstitial
spaces and as single cells or in small
groups; they had a rounded nucleus and
vacuous cytoplasm.

The female roadside hawks had
both ovaries. The right one was smaller
than the left, and they had only the left
oviduct (Fig. 2a).

B N O\ aE —_—
Figure 2 - Photographic image and photomicrographs
of the female reproductive system of the roadside
hawk (Rupornismagnirostris). A) Photographic image
of the Left Ovary (OE), Right Ovary (OD), Cranial
ligament of infundibulum (*) and kidney (R). B)
Photomicrograph of ovary demonstrating follicles at
various stages of development, vitellogenic follicle
(traced), follicular vitellius (V) and its nucleus
(arrowhead) and post-ovulatory follicle (arrow). C)
Photomicrograph of post-ovulatory follicle. B) Bar: 800
pm. C) Bar: 300 um. B, C: hematoxilin-eosin stain.

The ovaries were formed by the
cortex and the medulla; the cortex
consisted of stroma, blood vessels and
follicles at various stages  of
development. In this species, it was also
possible to observe the presence of

post-ovulatory follicles, also called
vacuolar cells (Fig. 2b, c). In this species
it was also possible to observe the
presence of post-ovulatory follicles, also
called vacuolar cells that had a
cytoplasm rich in lipids that gives it a
vascular aspect and pyknotic nucleus.

DISCUSSION

This is one of the most complete
studies on the species R. magnirostris,
with the hematological, hormonal and
morphological parameters of the gonads
of the species, a comparison between
the hematology of specimens and the
high degree of stress of the specimens
already in captivity for more than one
year. It also draws a hormonal
comparison between the males and
females.

Regarding weight, the average
value for the species in the region
(267g) is in line with the average
described by other authors, which is of
206-350g (Marquez et al., 2005) or 250
to 300g (Sick, 1997). Although there are
no differences in the weights of the
animals in the two groups studied, the
recently captured birds and those that
had been in captivity for at least one
year, it is possible to observe differences
in their hematological parameters
(erythrocytes, PCV and lymphocytes).
The most probable causes for these
alterations are the stress of captivity and
differentiated feeding (Martinez-Silvestre
et al.,, 2011; Silva et al., 2009). The
stimulation of the adrenocortical due to
stress causes hematological alterations,
as already demonstrated in some
specific species. In chickens, for
example, administration of
corticosterone, a hormone related to
stress, results in leukocytosis,
heterophilia and lymphopenia (Davison
and Flack, 1981; Post et al., 2003).
Under stress conditions, blue macaws
(Anodorhynchus  hyacinthinus)  had
heterophilia and lymphopenia (Speer
and Kass, 1995), and Harris’ hawks
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(Parabuteo unicictus) have lymphopenia
after a transportation episode under
stress conditions (Parga et al., 2001). In
contrast, in domestic pigeons (Columbia
livia) and cattle egrets (Bubulcus ibis),
have heteropenia and lymphocytosis as
a response (Bhattacharyya and Sarkar,
1968). In this study, the birds in group 1,
which had been in captivity for less time,
probably had greater stress due to the
movement of the public in the zoo and
captivity conditions, and therefore, it is
possible to observe lymphopenia in
these animals. This finding corroborates
the experiment in which corticosterone
was administered to chickens (Davison
and Flack, 1981; Post et al., 2003), and
the studies on blue macaws and Harris'
hawks under stress (Speer and Kass,
1995; Parga et al., 2001).

Another parameter to evaluate
the stress response in birds is the ratio
between H:L (heterophile: lymphocyte),
which is more sensitive in birds (Post et
al., 2003). In our study, the ratio was
17:1 for group 1 and 6:1 for group 2,
demonstrating that the recently-arrived
birds had less adaptation to captivity,
therefore they were more stressed by
the presence of the public and space
restriction. The alteration in this ratio
was also found in peregrine falcons
(Falco peregrinus) and Harris' hawks
(Parabuteo unicinctis) submitted to
transportation stress (Parga et al,
2001).

The values of globular volume
and erythrocyte counts were significantly
different when comparing the two
groups, and were higher in the animals
with shorter time in captivity. This
difference in the erythrogram has not
been reported in wild birds, and it has
been suggested that the homeostasis
process is a direct product of the
complex and dynamic interrelations
between host and environment. When
this balance is altered it may reflect
directly on hematological parameters

(Thralli et al., 2012). In addition, another
possible reason for erythrocyte growth is
splenic contraction during physical
restraint, which can lead to the release
of more erythrocytes into the circulation.
Since the animals that have been in the
zoo for more time have already
undergone more management episodes,
they are more adapted to manipulation
(Almeida et al., 2011). Since several
factors can influence reference values
for healthy birds, including age, season,
and sex, studies in several conditions
are important to clarify peculiarities of
the species (Black et al.,, 2011). In this
study, less stressful (animals in captivity
for a longer time) and more stressful
(recently captured animals) situations
were mimicked.

In relation to the hormonal studies
for R. magnirostris, among genders, only
T3 was different, and was much higher
in the males. One male and one female
that had the highest T3 indexes had
growth of primary feathers on the wings.
In the male there was also an increase
in T4. The increase of the thyroid
hormones causes the increase of the
oxygen consumption, functioning as
modulators of the basal metabolic rate
(Welcker et al., 2013). Therefore, they
are considered the most important in the
control of the metabolic processes of
birds by influencing various physiological
processes, such as: growth of different
body  structures, synthesis  and
metabolism of proteins, carbohydrates
and lipids, thermogenesis, and body
composition, even acting on moulting of
feathers (Rosebrough, 1999), which was
evidenced by the increase of T3 during
the growth of the birds' primary feathers
in the aforementioned individuals.

Meticulous control of feathering is
necessary because most birds depend
on them for flight, cutting and
thermoregulation, and since this is a
physiological process that requires a lot
of energy, it must be precisely controlled
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so that it occurs at the correct time of the
year and symmetrically in birds that fly
(Meier and Ferrell, 2010). Turkeys also
show an increase of T3 during
feathering, reaching a peak at the end of
this stage (Lien and Siopes, 1993).
Domestic geese also show increased T3
during moulting, however, T4 levels
remain low (Péczel et al., 2011). Due to
seasonal variation, it is also necessary
to standardize the hormonal parameters
during the different annual cycles so that
it is possible to use them reliably
(Merryman and Buckles, 1998).
According to gonadal
morphological analyses, the (two)
roadside hawk testicles were within the
celomatic cavity and had a small
asymmetry; the left testicle was larger,
as is found in emus, quails and white-
eyed parakeets (Psittacara
leucophthalmus) (Santos et al., 2011,
Lanna et al.,, 2013; Peixoto 2006). In
relation to number, in literature, only the
African black cuckoo (Centropus grillii) is
reported to have only one testicle, and
the vestigial testicle is on the left (Frey
and Goymann, 2009). The arrangement
and location of the gonads in this bird is
similar to that in other birds (Santos et
al., 2011; Matsumoto et al., 2009).
Among the individuals studied, it
was possible to observe different
conformations in the seminiferous
epithelium. This fact indicates that the
species has seasonal reproduction, as
well as domestic quails, white-eyed
parakeets (Psittacara leucophthalmus),
American Kestrel (Falcos parverius) and
sparrows (Passer montanus) (Amoroso
et al., 2008; Dixit and Singh, 2013;
Peixoto, 2006). Santos and Rosado
(2009) when studying the biological
characteristics of the roadside hawks in
southern Brazil, observed that the
beginning of the reproductive period
occurs in August with the behavior of
cutting and building nests. The birds in
this present study were collected and
analyzed between June and July 2015,

and in only one of the 6 male animals it
was possible to observe all phases of
spermatogenesis; the others had
characteristics of seminiferous
epithelium of resting phase, that is, with
only spermatogonia and Sertoli cells, or
at the beginning of the proliferation
phase, with the appearance of primary
spermatocytes. During the reproductive
stage in males, an increase in the size of
the testicles occurs due to the increase
in the size of the seminiferous tubules
and the number of interstitial cells.
During this period, the weight of the
testis represents approximately 1% of
the weight of the bird (Santos et al.,
2011; Tully et al., 2011) and this
increase may vary from 10 to 500%
when compared to the size in the non-
reproductive phase in which the testes
atrophy and become similar to the
juvenile testicles (Madekurozwa et al.,
2002; Santos et al., 2011; Tully et al.,
2011). These reports are in agreement
with our findings since the bird that
showed all phases of spermatogenesis
had larger testicle than the others.
These findings demonstrate that
even in northeastern Brazil, where the
seasons are not accentuated, this
species has reproductive seasonality.
Hau (2001), when studying spotted
antbird (Hylophylax naevioides) in a
tropical region, and small ground finches

(Geospiza fuliginosae) in the arid
Galapagos Islands, proposed that
reproductive  seasonality can be

controlled by several factors, including
the presence of rain and abundance of
food. It also describes that despite the
small annual variation in photoperiodism
in the tropical region, local birds can
measure this tiny increase in
photoperiod, which is a trigger for the
beginning of the reproductive phase.
This probably also occurs with the
roadside hawk in northeastern Brazil.
The roadside hawk females,
unlike most birds, had persistence of
both ovaries in 4 out of 6 birds, but with
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a smaller right ovary, and only the left
oviduct present, which is consistent with
other birds of prey and American Kestrel
(Tully et al. 2011). Similar percentages
are observed in 3 species of buteos (60
— 75%) (Chappellier 1914, Stanley and
Witschi, 1940). In two-week-old emus, it
is still possible to observe the presence
of both ovaries, however, after
maturation, the right one becomes an
amorphous mass (Parizzi et al. 2007).

In the histological analysis,
ovarian follicles were observed in
different phases, classified as immature
(or primordial), pre-vitellogenic (or
primary) and vitellogenic (or secondary).
In the analyzed females, no mature (or
pre-ovulatory) follicles were found,
probably due to the reproductive
seasonality of the species (Dixit and
Singh 2013). It can be emphasized that
the two ovaries had vitellogenic follicles,
assuming that the two ovaries are
functional. Rodler et al. (2015) used
immunohistochemistry and found that
the right ovary of birds of prey shows
structures of the cytoskeleton (tubulin
and vimentin) and a-activin of smooth
muscle, with positivity only slightly
weaker when compared to the left ovary,
but with normal estrogen and
progesterone receptors, which
demonstrates the potential of
folliculogenesis and ovulation in both
ovaries.

Post-ovulatory follicles, which
produce progesterone for a short time
until ovulation occurs and then are
reabsorbed, were also found in the
specimens studied (Ito et al., 2011). In
female ducks, its reabsorption occurs on
average in a week, and thereafter is no
longer visible to the naked eye Davis
(1942). Hodges (1974) describes 4-5 of
these follicles in sexually active adult
chickens. The function of these
structures has been questioned for
years, since there is no structure
analogous to the corpus luteum which

occurs in mammals, because there is no
gestation. However, in birds there is a
gland that hosts sperm, located at the
junction of the uterus and the vagina,
which has the function of storing the
spermatozoa until the time of fertilization
(Bacha and Bacha, 2003). Ito et al.
(2011) demonstrated that in birds,
progesterone has a function of releasing
these sperms so that fertilization occurs
at the correct time. In laying hens, this
release by the post-ovulatory follicle
occurs 20 hours after ovulation.

This is the first study to present
the  hematological, hormonal and
gonadal morphological profile, in
addition to comparing hematology in
specimens with different levels of stress,
and to demonstrate the hormonal
variation between roadside hawk
genera, which is the bird of prey species
reported as the most frequent in
screening and rehabilitation centers, and
in anthropogenic environments (Santos
et al., 2015). Studies such as these
serve as subsidies for  better
compression of the health and
reproduction of birds of prey, and such
measures are foreseen in the national
action plan for the conservation of birds
of prey of the ICMBIio (Soares et al.
2008). Due to efforts to conserve birds
of prey in the last three decades and
due to anthropic actions on their habitat,
more of these birds have been brought
to veterinarians (Tully et al., 2011),
making reference values necessary for
these species. These values and the
morphological description of the gonads
of the species can serve as subsidies for
clinical, nutritional and reproductive
management. Within this context, the
roadside hawk can even be a model
species, thus favoring not only its
studies but also of other falconiformes.
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CONCLUSION

We concluded that there is an
alteration in the hematological profile of
roadside hawks under captivity stress
and management. The reproductive and
stress hormonal parameters of this
species were performed for the first time
and showed interaction with the moulting
of feathers. In addition to the above, the
species demonstrated persistence of
two ovaries in most of the specimens
and other characteristics indicative of a
seasonal reproductive cycle in the
Brazilian Northeast.
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