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ABSTRACT: Blood samples were obtained at monthly intervals between April 1994 and March
1996 from captive-bred houbara (Chlamydotis undulata macqueenii), rufous-crested (Eupodotis
ruficrista gindiana), and white-bellied (Eupodotis senegalensis) bustards from 4-24 wk of age.
Hematology investigations were conducted to determine age-related changes and to establish
reference values for growing chicks of these species. There were significant age-related changes
in hematocrit, hemoglobin, and red cell count in young birds compared with those of adults.
White cell counts (lymphocytes and monocytes) were higher in juvenile birds, compared with
adult values.

Key words: Age-related changes, Chlamydotis undulata macqueenii, houbara bustard, he-
matology, Eupodotis ruficrista gindiana, Eupodotis senegalensis, rufous-crested bustard, white-

bellied bustard.

INTRODUCTION

Bustards are members of the Otididae
family of which there are 25 species. Hab-
itat loss, agricultural changes, overgrazing,
hunting and trapping are threatening
many bustard populations (Johnsgard,
1991). The National Avian Research Cen-
ter (NARC) in the United Arab Emirates
(UAE) maintains a captive breeding pro-
gram for houbara (Chlamydotis undulata
macqueenii); rufous-crested (Eupodotis
ruficrista gindiana), and white-bellied
(Eupodotis senegalensis) bustards and
therefore the veterinary care of these spe-
cies is of importance.

Hematology is widely recognized as an
important diagnostic tool in the veterinary
care of avian species, both in diagnosing
disease and clinical monitoring of the pa-
tient (Hawkey et al., 1983, 1984a, b; Dein,
1986; Hawkey and Samour, 1988). There
have been a number of hematologic inves-
tigations of bustard species (Alonso et al.,
1990; Jimenez et al., 1991; Mikaelian,
1993; Samour et al., 1994, 1996; Flach,
1995; D’Aloia et al., 1995, 1996; Howlett
et al., 1995, 1998). However, the majority
of these studies have focused on adult bus-
tards with only limited reference to bus-

tard chicks, these include the great bustard
(Alonso et al., 1990); rufous-crested bus-
tard (D’Aloia et al., 1995) and kori bustard
(Howlett et al., 1998). The purpose of this
study is to report hematology values in de-
veloping bustard chicks up to the age of 6
mo in order to establish reference values
and to determine any significant age-relat-
ed changes.

MATERIALS AND METHODS

The hematologic survey was carried out on
chick and juvenile bustards from 4-24 wk of
age. Blood samples were collected between
April 1995 and March 1996 from clinically nor-
mal captive-reared bustard chicks hatched dur-
ing the 1995 breeding season. The birds in-
cluded seven houbara, five white-bellied, and
10 rufous-crested bustards hatched from eggs
that had been artificially incubated. The chicks
were hand-reared at the NARC breeding facil-
ities (24°15’'N, 55°43’E; Al Ain, Abu Dhabi,
United Arab Emirates) as described for the
kori bustard (Howlett et al., 1998). The birds
used for the study appeared clinically normal
and were within normal weight ranges for their
respective species. Samples were obtained be-
tween 0700 and 0900 hours when the birds
were handled for a radiographic study to mon-
itor normal skeletal development of bustard
chicks (Naldo et al., 1997). Samples were ob-
tained under 3% isoflurane (Abbot Laborato-
ries Ltd., Maidenhead, UK) within 5 min of the
onset of anesthesia. Unfortunately there were
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a limited number of chicks from which we
could obtain samples. The rufous-crested bus-
tards, due to their small size not all were sam-
pled at 4 wk and the majority had ceased being
part of the radiographic study at 5 mo. Addi-
tionally, during this investigation the houbara of
which there was a 2 mo range between hatch
dates, where translocated en masse from the Al
Ain site to breeding facilities at another NARC
facility, where they became part of the breed-
ing flock and sampling was discontinued.

The samples were collected from the ulnaris
or jugular vein, using a 23 or 25 gaugex16 mm
needle and a 1 or 2 ml syringe. A volume of
0.3 ml of blood was deposited into a commer-
cially available pediatric blood tube (Sarstedt,
Numbrecht, Germany) and mixed well with the
anti-coagulant, ethylenediaminetetraacetic acid
(EDTA 1.5mg/ml of blood).

The hematology samples were processed in
the laboratory on the same day of collection.
The laboratory techniques used for this study
are described only briefly here, full details have
been reported by Hawkey and Samour (1988)
and Hawkey and Gulland (1988). We have used
these techniques in previous bustard studies at
the NARC laboratory using the same equip-
ment.

Red blood cells (RBC) were counted man-
ually after mixing 20 pl of whole blood with 4
ml of formal citrate solution (10 ml of 20%
formaldehyde plus 990 ml of 32 g/l trisodium
citrate solution) using an Improved Neubauer
Brite-line hemocytometer (Weber Scientific In-
ternational, Teddington, Middlesex, UK) and
examined under phase contrast microscopy
(Dacie and Lewis, 1975). Hemoglobin (Hb)
was measured as oxyhemoglobin by diluting 20
wl of whole blood into 4 ml of 0.04% ammonia
solution (Dacie and Lewis, 1975) and read us-
ing a spectrophotometer at 540 mm (Spectron-
ic 501, Bausch & Lomb, Rochester, New York,
USA). Spectrophotometer readings were con-
verted into Hb g/dl by reference to a calibra-
tion curve prepared from a commercially avail-
able hemoglobin standard (Diagnostic Re-
agents Ltd., Thame, Oxford, UK; Hawkey and
Samour, 1988). Hematocrit (Hct) estimation
was obtained by filling plain microcapillary
tubes (Hawksley and Sons Ltd., Sussex, UK)
with whole blood which were centrifuged using
a microhematocrit centrifuge (Hawksley and
Sons Ltd.) at 10,000 G for 5 min. Hematocrit
readings were carried out using a microhemat-
ocrit reader (Hawksley and Sons Ltd.). Fibrin-
ogen was estimated as protein precipitated at
56 C by heating the same microhematocrit
tube used for Hct measurement in a waterbath
at 56 C for 3 min. The amount of fibrinogen
present related to the increase in the optimal

density of the plasma (Hawkey and Gulland,
1988). The red cell indices, mean cell volume
(MCV), mean cell hemoglobin (MCH), and
mean cell hemoglobin concentration (MCHC)
were determined using standard formulae (Da-
cie and Lewis, 1975). White blood cells (WBC)
were examined under phase contrast micros-
copy and counted manually after mixing 100 .l
of blood into 1.9 ml of 1% ammonium oxalate
solution (Hawkey et al., 1983) using an im-
proved Neubauer Brite-line hemocytometer
(Weber Scientific International, Teddington,
Middlesex, UK). Morphologic assessment of
red and white blood cells and differential white
cell and thrombocyte counts were carried out
on blood films after staining and fixing as de-
scribed by Samour et al. (1994) and Howlett
(2000).

The results were compared with data derived
from reported adult values for each species (Sa-
mour et al., 1994; D’Aloia et al., 1995, 1996).
Statistical analyse was conducted using a Stu-
dent’s unpaired t-test (Microsoft Excel Analysis
Toolpak, Microsoft Corporation, Redmond,
Washington, USA). A value of P<0.05 was con-
sidered significantly different.

RESULTS

Hematology values obtained for hou-
bara, rufous-crested, and white-bellied
bustard chicks are presented in Tables 1,
2, and 3. The published reference values
for clinically normal adults of the three
species are presented in Table 4 for com-
parison.

Blood cell morphology of growing bus-
tard chicks was similar to that described
for adult houbara bustards (Samour et al.,
1994) and as illustrated by Howlett (2000).
The erythrocytes of bustards are oval cells
with a slightly basophilic cytoplasm and
containing a relatively large nucleus with
evenly distributed chromatin clumps.
Varying numbers of immature red cells at
different stages of development were ob-
served. Many cells exhibited polychroma-
sia and anisocytosis; the less mature cells
were more round in shape and basophilic.
Poikilocytosis, characterized by spindle-
shaped cells, was observed. Hemoparasites
were not detected.

Heterophils of bustards are relatively
large round cells with a colorless cyto-
plasm containing a bilobed nucleus with

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 26 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



JOURNAL OF WILDLIFE DISEASES, VOL. 38, NO. 4, OCTOBER 2002

806

‘(7 81qeL) esegnoy 3npe yum paredwod H21Yyd YM #Z—0g SIsA[eue [eansieIs
‘(¥ 81qeL) esegnoy 1Npe yum pasedwod ¥o1yo ¥m 0Z—9T sisAjeue |eonsiels
‘(7 81qeL) esegnoy 3npe yum paredwod 3o1Yd 3M 9T-ZT SisA[eue [eonsnels p
“(WinwiXew—-wnwiuNA) 4

‘ueawl JO 104U prepueIsFUuesiA 5

‘(¥ 810eL) eaegnoy JNpe Yyum pasedwod ¥o1Yd 3M ZT—8 sisAjeue [eonselS p

‘(¥ 81qeL) eregnoy 3npe yum pasedwod 3o1Yd 3m 8—v sishjeue [eansnels ,

‘(¥ 8|0eL) edegnoy 3 Npe Yyum patedwod HI1Yd YM v sishjeue [ednsnels g

'pa109]|09 sajdwies Jo Jaquunu [210] e

(0£°0-00°0) (zz'0-000) (8€°0—00°0)
SN 00 = 9T°0 SN €00 * 0TO SN ., Y00 = LT0 (1/60T %) siydoseg
(T¥'0-00'0) (2e70-00'0) (02'0-00'0)
SN 100 ¥ ¥T°0 SN ¥0'0 ¥ ¥T°0 SN L €00 * 800 (/60T ) sliydouisog
(€9:0-02°0) (ev°0—00°0) (8€°0—00°0)
500> 100 F 2¥'0 G0'0> 500 ¥ 820 SN L S00 F €20 (1/60T x) s@1K00UOIN
(8e'5-v6'2) (2£'9-05°2) (0z'9-59°€)
T00'0> 90 ¥ 6T T00°0> 1€0 F GL'Y SN L 80 F VLY (1/50T x) se1kooydwiA]
(2L9-17'2) (8T°5-2T'T) (95°6-9¢'1T)
SN 090 ¥ /8¢ SN ¥'0 T LG'€ SN L 950 F 29°¢ (1/60T %) siiydossroH
(05°0T-08'9) (08°0T-G2'9) (05°0T-G¥'G)
1000°0> G50 F LL'8 1000°0> 850 T L.'8 100°0> L 2.0 F v8'8 (1/60T %) SI192 PoOIq dUYAM
(92'2-09'1) (96'1-57'1T) (522-0T'1T)
SN 6T°0 F 90°C SN 8T0 + OL'T SN L 120 F 28T (1/B) usbounigig
(ec21-26'%) (19'52-0£°9) (56'6T-068)
SN 0T F €L8 SN €12 ¥ 60°2T SN L GE'T F 8TV (1/60T <) se1ko0quioay L
(55°26-25'82) (8£26-59°0¢) (60°96-08°0€)
SN 850 T ¥6°0E SN 820 T LV'IE SN L 6,0 F TO'EE (1p/6) uonesusouod uigojBowsy 180 ues|A
(sT'T.-82°8%) (L2€1-18'1Y) (ze'59-€£°09)
SN 00'€ ¥ GE'9G SN 6€C F 209G SN L /8T ¥ SG'VS (6d) uigojfowsay 182 ues|y
(ST'T22-80'95T) (19'622-82°97T) (87°58T—05'9¥T)
SN 616 + 02Z8T SN LVl F 80°8.T S00°0> L vy F GE'S9T (14) swnjon 1|90 ues N
(2€°0-92°0) (ze'0—€2°0) (9z'0~22°0)
1000°0> VT T I€0 1000°0> 98'0 T 62°0 1000°0> L 650 * €20 (111) 112010WRH
(ov'TT-0£'8) (o0'0T-02°2) (0£'8-02'9)
T000°0> 8v'0 ¥ 056 T000°0> 120 ¥ 168 1000°0> L GZ'0 ¥ 69°L (1p/B) uigojfowaH
(96 T-1¥'1) (88'1-22'1) Js1-v2T)
1000°0> 100 F 0L°T T000°0> 100 F 29T 1000°0> L 3900 F ZV'T (1/z10T %) s1182 poo|q pay
pdN[eA d MM ZT-8 s9N[eA d IM 8— genjeA d eu AM 7> l9)1oweled

'sabe Jualaylp Jo (1lusanboew elenpun snnopAwey)) pteisng elegnoy ui sbuipuly oibojorews T 31avl

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 26 Apr 2024

Terms of Use: https://complete.bioone.org/terms-of-use



807

HOWLETT ET AL.—AGE-RELATED HEMATOLOGICAL CHANGES IN BUSTARDS

(££'0-00'0) (2'0-80°0) (T8°0-00'0)
SN 100 ¥ LT0 SN LT0 ¥ ¥€0 SN 210 F 120 (/60T %) siiydoseg
(80°0—00°0) (50°0—00°0) (15°0-00°0)
SN 200 T ¥0°0 SN 1T°0-T€0 SN 900 F 120 (/60T %) siydouisoq
(9°0-52°0) (¥S°0-0€°0) (66°0—00°0)
500> S00 F 2€0 S0°0> 900 * T€0 500> T0F2€0 (/60T X) s@1400UON
(£9'5-66'2) (£9'5-1v6°€) (ee'6-0T°€)
S0'0> ¥T°0 ¥ GT'Y 500> GE0 ¥ 6LV 100> €0 ¥ ¥8'€ (/60T x) se1k00ydwiA
(z6'¢-28'2) (ssv—€2°2) (98'9-0T°1)
SN ¥20 ¥ €2°€ SN 160 T TV'E SN v.'0 F 6L°€ (/60T %) siiydotsiaH
(50°0T-059) (ot'oT-02'2) (0L721-0L%)
500> 280 F 06°L 500> 090 * 806 100°0> TT Fvr8 (1/60T %) SI199 poo|q dUUM
(68'T-9¢'T) (T0'2-9¢'1) (sT°e-22'T)
SN 210 * ¥S'T SN 9T'0 ¥ 0L'T SN 20 FETC (1/6) usbouniqi4
(¥0'5-02'2) (¥0'5-00'2) (Lv'21-00'2)
SN 00 ¥ 90'F SN L'0F 60°E SN zZZF 6L (/60T X) se1kooquioayL
(9e'TE-¥2°08) (62'€€-05°0€) (52°€e-Ty 0€)
SN 120 F 90°TE SN 160 F 2LTIE SN 0 ¥ €8°T€ (Ip/6) uonesus2UOd ulgo|Boway |99 Ues|A|
(20'92-9£799) (¥6'28-T5'69) (¥6'69-G2"19)
100> S0C * 0T'2L SN /8% ¥ 0T'ZL SN 2'C ¥ 2009 (6d) uigojboway (190 ues|N
(8L72¥2-86'TT2) (¥6'252—2T'S6T) (92°9T2-60709T)
100> SZ'L ¥ 92CET SN YO'ET T 88922 SN v'. ¥ 5881 (14) swnjon 180 uesN
(9°0-2¥°0) (0'ev—8€°0) (8e°0-2¢€°0)
100> 20T F €70 100> L[TT * I¥0 T000°0> 80 * 90 (1) yioorewsH
(or'¥1-0272T) (oT'¥1-0T°2T) (0T°2T-08°0T)
SN 650 + €9°€T 100> 9’0 T 68'2T 1000°0> 20 F LYTT (1p/6) uigojfowsH
(LT2-€LT) (50'z-0.°T) (82'z-1971)
100> 170 F €6'T T000°0> 800 F 08'T 1000°0> 600 T €6'T (1/z10T %) 81182 poolq pay
i©N[eA d AM ¥2—02 yPanjeA d AM 0Z—9T goNJen d AM 9T—CT Ja)sweled

‘panunuod T Anavl

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 26 Apr 2024

Terms of Use: https://complete.bioone.org/terms-of-use



JOURNAL OF WILDLIFE DISEASES, VOL. 38, NO. 4, OCTOBER 2002

808

‘(¥ 8l0eL) PaISala-snoyNI YNPe YIM paseduwiod oIYd M £Z—0z SisA[eue [eansnels
‘(¥ 8I0eL) Pa1SaI9-sNoyN Y NPe YUM patedwiod YdIYd M 0zZ—9T SIsA[eue [ednsiels
‘(¥ 21geL) PaIsalo-snond 3Npe yum pasedwod 3o1yd 3¥m 9T—2T SIsAjeue [eansnels s

“(WinwiXew—-wnwiuNA) 4
‘UBSW JO J101JS PIBPUEISTUBSIA

‘(¥ 8l0jeL) Pa1saI9-snoyN. YNPe YuMm pateduwiod 1Yo M ZT-8 siskjeue [ednsieIs o

‘(¥ 91qeL) PaIsaJo-snoynt JNpe yum patedwod 3o1Yd Ym g— sisAjeue [eI1SNEIS o

‘(¥ 910/ L) PaISaII-sNOJNI YNPe LYIMm paseduiod 321D YM ¢ siskeue [eansinels q

'pa109]|09 sajdwies Jo Jaquunu [210] e

(¥9:0—00°0) (€9°0-00°0) (€9°0-00°0)
SN L00 ¥ 020 SN 100 F ¥E€0 SN S 110 F 220 (/60T %) siiydoseg
(Tr'1-TT°0) (z9°0-51°0) (86'0—€T1°0)
SN LT'0 ¥ 990 SN 500 ¥ VO SN S GT'0 * G50 (/60T ) slydouisog
' 1-1T°0) (52°0-00°0) (6€°0-12°0)
SN 0T'0 ¥ /S0 SN 600 T IE0 SN S €00 ¥ 620 (1/60T x) s@1K00UOIN
(z8'2-912) (06'2-05'2) (58'5-20°€)
T000°0> 99°0 ¥ 6¥'S 100°0> 950 F £€Y G00'0> S €50 F 6TV (/60T x) se1ko0ydwiAT
(P7'9-15°0) (26'5¥9'T) (95°2-v6°0)
SN 9v'0 ¥ IE'€ SN €50 ¥ 2L'€ SN S ITTF2S (1/60T %) siiydossroH
(00'¥1-02°G) (56°2T-02°9) (00¥T-02°9)
100°0> 69°0 ¥ /20T G0'0> ¥6'0 ¥ ST'6 G0'0> S IS'T ¥ S5°0T (1/60TX) S1189 pOOIg SUUM
(zg'e-02'1) (0g'€-05'1T) (052—20°1T)
SN 8T0 F €L'T SN 120 F 88T SN € ¥20 ¥ 89T (1/B) usbounigig
(z6'21-20€) (z2°6-02°2) (88'2T-0%°€)
SN 12T ¥ 226 SN 66'0 F 059 SN S 9z F v.'8 (1/60T <) se1ko0quioay L
(59°€6-57'T2) (16:06-T€¥2) (¢6'82-26°8T)
1000°0> L0 F 182 T000'0> 98'0 ¥ 0L°.2 100°0> g SL'T ¥ 962 (1p/6) uonesuBdUOD UIqojBowaY |90 UBSIA|
(z6'59-22°¢Y) (5e'€9-02°2¥) (Tz'67-170°L8)
100°0> /8T F 181G G0'0> §9°02 F LV'TS 1000°0> S LL'T ¥ €6'Eh (6d) uigojfowsay 182 ues|y
(88'2T2—¥T'¥9T) (00'502-0£29T) (22°56T—¥S°0ST)
SN 8T'9 T Zv'E6T SN GZ'S ¥ 0£G8T SN S 0S'L F G€2LT (14) awnjoA 180 uea
(ev'0-L£°0) (zv'0-82°0) (2£0-92°0)
1000°0> 9Z'T ¥ 8€0 1000°0> /ST ¥ SE0 1000°0> S 8T'Z ¥ 050 (111) 112010WRH
(00°21-06°8) (0e'11-06°2) (0£'6—089)
T000°0> 90 ¥ ¥9°0T T000°0> LT0 ¥ S5'6 1000°0> S S0 ¥ 2LL (1p/B) uigojfowaH
(Tr'z-19'1) (oTz-8e'1) 4(68'T-15°T)
1000°0> 600 F /6T T000°0> 600 * /8T 1000°0> S 8800 ¥ 9/°T (1/z10T %) s1182 poo|q pay
pdN[eA d MM ZT-8 s9N[eA d IM 8— genjeA d eu AM 7> l9)1oweled

'safe Jualayip Jo (euelpulb eisiolNa sipopodn3) pJaeisng paisalo-snoina ul sbulpuly oibojolewsH ‘g I1avl

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 26 Apr 2024

Terms of Use: https://complete.bioone.org/terms-of-use



809

HOWLETT ET AL.—AGE-RELATED HEMATOLOGICAL CHANGES IN BUSTARDS

(9€'0-0'0) (02'0-TT°0) (87°1-00°0)
500> 100 F €T°0 SN 8 800 T ¥E£0 SN 8 910 F 870 (/60T %) siiydoseg
(¥8°0~L¥°0) (62'2-80°0) (z6°0-07°0)
SN ST T ¥5°0 SN 8 €€°0 ¥ €80 SN 8 0T'0 ¥ 620 (1/60T %) siydouisog
(08'1-0€°0) (81°'1-02°0) (56°0-67°0)
500> 920 ¥ 00T SN 8 €10 ¥ €90 SN 8 0T'0 * €50 (/60T X) s@1400UON
(02'2-05%) ((AWEIANS)] (05°9-26'T)
5000°0> 950 ¥ 29 T00°0> 8 G50 ¥ 681 100°0> 8 190 F vT'v (1/60T %) sa1hooydwiA
(0Z'v—v0'T) (91e-1€2) (P¥'6-95°0)
SN S50 F LLT SN 8 0T'0 ¥ 08¢ SN 8 €T'T F LE€ (/60T %) siiydotsiaH
(00'¥T-05°2) (02'TT-05°2) (52'v1-0T°€)
500> OT'T ¥ TL0T 100°0> 8 950 T ¥¥'6 500> 8 €ZT 7 188 (1/60T %) SI199 poo|q dUUM
(e£'€-09'T) (eee—ST'T) (09°'2-08'1T)
SN 20 ¥ 02¢C SN 8 820 ¥ 6E'C SN 9 ¥T'0 F 12°¢ (1/6) usbouniqi4
(08°91-06°€) (09'TT-82°2) (58°2T-07'v)
SN 112 T 026 SN 8 ¥Y0'T ¥ 829 SN 8 ST ¥ OV'8 (1/60Tx) se1420quiody L
(ov'ze-25'52) (60'2e-02°52) (se've-€2°92)
S000°0> 0C * 1.8 T000°0> 8 160 * ¥00€ T000°0> 8 60 F ZT0¢ (Ip/6) uonesus2UOd ulgo|Boway |99 Ues|A|
(PL'25¥2TY) (20'29-79°61) (66'99-66°8t)
500> GL'€ F S90S S0°0> 8 9%'T * 6G°SS S0°0> 8 0T'C * L¥'SS (6d) uigojboway (192 ues|N
(0£'TT2-€8'2¥T) (ev'202-T2'69T) (90°622—76°0ST)
SN ¥S'0T T ¥0'9LT SN 8 vy * v1'S8T SN 8 89'8 T 81°G8T (14) swnjon 180 ues
(T5°0-6%"0) (15°0-9%°0) (2¥°0-0%"0)
SN SG°0 ¥ 050 600> 8 €L0 F 8¥°0 S00°0> 8 660 * €70 (1) yioorewsH
(0z'91T-0¥°2T) (0Z2'9T-09°€T) (05 ¥T-06'TT)
100°0> 190 T vZvT T000°0> 8 620 T vEVT 1000°0> 8 1€0 * ST'ET (1p/6) uigojfowsH
(ste-282) (vLz-2€2) (19'2-€6'T)
SN 8T'0 ¥ 98¢ SN 8 G500 ¥ 65°C S0'0> 8 0T0 F LET (1/z10TX) s1182 poo|q pay
i©N[eA d AM ¥2—02 yenjen d u AM 0Z—9T qoNJeA d suU AM 9T—CT Ja)sweled

‘panunuod 'z Anavy

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 26 Apr 2024

Terms of Use: https://complete.bioone.org/terms-of-use



JOURNAL OF WILDLIFE DISEASES, VOL. 38, NO. 4, OCTOBER 2002

810

‘(¥ 81qeL) paieg-a1ym 3npe yum paredwod 3o1yd M #Zz—0z sishjeue feansnels

‘(¥ 81geL) paljjag-a1iym 1npe yum pasedwod 3o1yo ¥m 0Z—9T SisAeue |eonsiels
‘(¥ 81qeL) pall[eg-auym 3npe yum pasedwod 3o1yd M 9T—ZT SIsAjeue [ed1IsIIeIs 5

“(WinwiXew—-wnwiuNA) 4
‘UBSW JO J101JS PIBPUEISTUBSIA

‘(¥ @1qeL) pall1ag-auym INpe yum pasedwod 3o1yd 3m ZT-8 sishjeue [eonsnels p
‘(7 819eL) pallIdg-a1ym 3Npe yum paredwod 3oIyd M 8- sisk[eue [eonsnels 5
‘(7 81geL) palj|ag-a11ym 1Npe yum pasedwod %o1yo Ym { sishfeue [eonsnes q

'pa109]|09 sajdwies Jo Jaquunu [210] e

¥9'0-¥1°0) (#%°0-60'0) (29:0-00'0)
SN ZT0 + €€°0 SN 100 F ¥2°0 SN ¥ GT'0 ¥.2°0 (/60T %) siiydoseg
(T2°0-00'0) (e5°0~-22°0) (#%°0-90°0)
SN ST'0 ¥ 0V'0 SN 90'0 ¥9£0 SN 14 800 F /20 (/60T ) sliydouisog
(€£'1-0T°0) (¥¥°0—90°0) (0€°0-000)
SN 880 ¥ 6L0 SN 600 T GZ'0 SN 4 900 ¥ ST'0 (1/60T x) s@1K00UOIN
(9g'9-02'2) (T9'6-58'1T) (5T'5-852)
500> 860 * LTV SN 80 F 6£°€ SN % ¥S5°0 ¥ 19°€ (/60T x) se1ko0ydwiA]
(9g'8-02'2) (26'2-69'2) (oz'v—-og'€)
SN IG6'T ¥ €8°€ SN TTF LY SN 14 120 * 08¢ (1/60T %) siiydossroH
(00°9T-02°9) (82'¥T-09°G) (0T°0T-GT'9)
SN §Z T €56 SN 0 * 106 SN 4 980 ¥ 0T'8 (1/60T %) SI192 PoOIq dUYAM
(zrz-or'1) (8v'z—L€'T) (0£'1-00'T)
SN €0 ¥ 6T°C SN €0 F20¢C 600> € 600 F €T'T (1/B) usbounigig
(0T'2T-79°€) (0Z'sT-09%) (00°sT-08'%)
SN 10T ¥ 02'L SN ¥'Z ¥ 22’8 SN 14 0LC ¥ SV'6 (1/160T %) s®1k00quioay L
(zG2e-vT'18) (6€°2£-00°0€) (L9'5e—€7'TE)
SN GE'0 ¥ 96°TE SN L'T ¥ 98°€e SN 14 86'0 F E£VE (1p/6) uonesusouod uigojBowsy |18 ues|A
(ev'59-L¥"L¥) (€9'%9-16°G9) (29'%9-€1°99)
SN G8'E F £2°8G SN €27 ¥ €009 SN 4 €8'T * G0'09 (6d) uigojfowsay 182 ues|y
(TT°0TZ-97'97T) (88'28T-21'69T) (05'28T-60'6ST)
SN V€T F 25287 500> Tv F €LLLT 00> 4 129 * T2'S.T (14) swnjon 1|90 ues N
(ov'0-62°0) (s€°0-22°0) (ze'0-0z°0)
100°0> G2'CZ ¥ SE0 500°0> LT ¥ IE0 100°0> v 86'C ¥ 920 (111) 112010WRH
(og'zT-0%'6) (06'2T-0£6) (02'0T-00°2)
100°0> 90 ¥ TETT 500> 8'0 ¥ €5°0T 500°0> 4 960 * G.'8 (1p/B) uigojfowaH
(50'z—88'1) (Y0'z-L¥'T) 4(89'T-9T°1)
500> 00 * S6'T 500> ZT0 ¥ 9L°T T00°0> 14 €10 * S¥'T (1/z10T %) s1192 poolq pad
pdN[eA d MM ZT-8 s9N[eA d IM 8— genjeA d eu AM 7> l9)1oweled

'safe Jualayip Jo (sisuspebsuas sinopodn3) paeisng paljjag-ayym ul sbuipuly oibojolewsH '€ I1avl

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 26 Apr 2024

Terms of Use: https://complete.bioone.org/terms-of-use



811

HOWLETT ET AL.—AGE-RELATED HEMATOLOGICAL CHANGES IN BUSTARDS

(50'1-00'0) (25°0-00'0) (#9°0-60'0)
SN 020 ¥ 950 SN 600 ¥ G20 SN 0T0 * 20 (/60T %) siiydoseg
(0€°0-00°0) (z6:0-00°0) (20'1-27°0)
SN 900 T €10 SN LT0 ¥ 620 SN 8T°0 * 00 (/60T %) siydouisoq
(221-6€0) (LT'1-07'0) (T2'1-60°0)
SN 920 ¥ 160 SN €10 F 690 SN €60 ¥ 890 (/60T X) s@1400UON
(ze'1-02'1) (s8'v-182) (05°9-v22)
500°0> 290 ¥ 99°G 500°0> /€0 F €TV 500°0> 99°0 ¥ 80'S (1/60T %) sa1hooydwiA
(18'9-16'T) (2278-11°€) (tz'1-6€'T)
SN 180 T 16V SN 160 T €V'G SN 90T F 19V (/60T %) siiydotsiaH
(S2'¥1-0T°6) (ST'¥T-5£'6) (eT'¥1-52'8)
S00°0> ST'T ¥ 9221 S00°0> ¥8'0 ¥ 88°0T S00°0> 660 = OT'TT (1/60T %) SI199 poo|q dUUM
(00'%—90'T) (06'2-00'T) (08'v—09'T)
SN 0.0 ¥ 02¢C SN ov'0 ¥ 88T SN 850 F ¥¥'Z (1/6) usbouniqi4
(6'TT-00°2) (08'8-02°€) (05°0T-0T°9)
SN ZTT T vT'6 SN 8T'T T ¥£'9 SN 80T ¥ 09°L (/60T X) se1kooquioayL
(85°€£-00°0€) (Lt 16-8€°62) (91°££-00°82)
SN 99°0F S¥Ze SN SV'T ¥ 2EEe SN €0'T ¥ 69°0€ (Ip/6) uoneslus2UOd ulgoBoway |99 Ues|A|
(9z'c9-¢'6v) (65'52-€2°G9) (65'T2-28°09)
500> 162 + /G9'SS SN 89'€ ¥ T6°09 SN v.'€ * ¥6'8S (6d) uigojboway (190 uesN
(2£°88T-59°L¥'T) (65°€TZ—€6'6ST) (T6°'STZ—V2°TLT)
500> 69'9 T €2T.T SN 88'6 T 29°€8T SN G/'6 T G6°T6T (14) swnjon 180 uesN
(97'0-T¥°0) (¥¥°0-0%'0) (ov'0-8€°0)
SN €60 F ¥¥'0 500> 98'0 ¥ Z¥'0 S0'0> 9r'0 * 6€°0 (1) yioorewsH
(06'¥T-02°€T) (0£79T-06'TT) (09'21-02°TT)
SN GE0 F Y2 YT SN 98'0 T 86°CT 100°0> 120 F ¥8°TT (1p/6) uigojfowsH
(86'2-G1°2) (2L z-502) (0e'z-9L°1)
SN €10 ¥ 85°¢C SN €10 F 1€ G0'0> 0T0 F ¥0°C (1/z10T %) 81182 poolq pay
i©N[eA d AM ¥2—02 yenjen d AM 0Z—9T goNJen d AM 9T—CT Ja)sweled

‘panunuod g Anavl

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 26 Apr 2024

Terms of Use: https://complete.bioone.org/terms-of-use



JOURNAL OF WILDLIFE DISEASES, VOL. 38, NO. 4, OCTOBER 2002

812

'S66T ‘[e 19 elOlvV.A

‘9661 ‘|2 19 Blov.d 5

V66T 'le 18 Jnowkes p

'pa199]|09 se|dwies Jo Jsquunu [e10] o
“(WinWiIXeA-WNWIUNA) ¢

‘UBSW JO 10143 PIEPUE]S T UBSIA ¢

T

4’

T

T

4’

T

T

4’

T

T

4’

T

T

4’

(Te¥—99°0)
€20 F 0L'T
(0'sT1-00'%)
¥Y0'T ¥ 18'8
(€2'1-01°0)
800 T 0
(29:0-00°0)
¥0'0 ¥ ¥20
(0£'1-v00)
0T0 ¥ 2V 0
(€0°e-1€°0)
020 F ITT
(88'5—¥¥'1T)
€0 F ZeE
(08'6-00'1)
880 T 99°G
(96 L7-T€'TE)
8T'T T £9°/¢E
(05'26-T2°0%)
vy ¥ 12'S9
(0'zz2-6£°50T)
986 T G8'ZLT
(05°0-0t°0)
100 T L0
(0z'22-05°9)
250 T 29°.T
(2zv-002)
610 T 682

(6T'2-2'T)
ST0 ¥ 0¢
(8'TT-90°€)
67 F 66'G
(¥50-20°0)
€TI0 F €0
(9€°0-90°0)
600 T ¥2'0
(zL0-22°0)
¥T'0 T S¥'0
(eL2-8T°2)
/T0 ¥ 18¢C
(Sz'v-26'1)
SL0TFELT
(9'2-2°9)
L0929
(0've-9°0€)
0T * T'2¢
(8'0.~€09)
90'S ¥ €299
(9'8T2-2°06T)
€8 ¥ 1'S02
(05°0-5¥°0)
100 ¥ LV'O
(5'ST-6'%T)
/T0 ¥ €2ST
(Ly'2-91°2)
800 T IEC

Mmoo oTooFToToTOoFTOoOTOTOFTOTOS

(8'%-89°0)
020 7 0¢
(s¥'8-60'2)
98'0 ¥ 689
(v€'0-0'0)
200 ¥ 90°0
(6€°0-00)
20°0 T 90°0
(ST'T-00)
G500 ¥ ¥T0

(e'e-8°0)
ST0 T €8'T

(2'6-2'1T)
¥20 ¥ €L'E
(58'2-2°€)
G20 ¥ 18'S
(e'5e-1'92)
V0 T 2STIE
(T'sz—€zv)
6T°C T 709

(T'652-€"9vT)
68'9 T £'I6T
(55°0-21°0)
250 T VO
(e'91-¢€1)
910 T 67T
q(9€'€-56'T)
e600 ¥ TS'C

(1160T %) siydoseg

(1/60T %) sliydouiso3
(I160T %) sa1k00UON
(1/60T %) se¥kooydwiAT
(1/60T ) sliydoiaroH
(1/60T ) S1199 Poo|g SUYM
(1/6) uaBounqi4

(/60T X) Sse100quioay L
(1p/B) uoiresauadsuod uigojfowsay |199 ueaN
(6d) uigojBboway |[99 ues|N
(1) swnjoA |12 uesn

(171) yao0reWwsH

(1p/B) uigojBowaH

(1/z10T %) s1192 poolq pad

JpIeISNg Pa1sald-snony

aPIEISNG P3IIIag-aMUM

)
[=

pPJeISNQ BIegnOoH

J9laweled

'spJeisng pal|[ag-a}ym pue ‘paisalo-snojnd ‘edeqnoy jNpe [ew.iou Ajealuljo 1o} senjeA aoualajal payslignd v 31avl

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 26 Apr 2024

Terms of Use: https://complete.bioone.org/terms-of-use



HOWLETT ET AL.—AGE-RELATED HEMATOLOGICAL CHANGES IN BUSTARDS 813

rod-shaped shaped slightly basophilic
granules. The basophils are small round
cells with a round nucleus surrounded by
a colorless cytoplasm often obscured by
overlying irregular round and strongly ba-
sophilic granules. The eosinophils are
large round cells containing a bilobed nu-
cleus with a slightly basophilic cytoplasm
almost completely covered by large disc-
like and slightly basophilic granules.
Monocytes are the largest white cells.
They are often irregular in shape with a
lace-like pattern in the cytoplasm and con-
tain a large irregular kidney shaped nucle-
us. Both small and large lymphocytes were
in most of the blood films examined, which
was in accordance with findings in juvenile
kori bustards (Howlett et al., 1998). The
small lymphocytes are round with a high
nucleus/cytoplasm ratio, dark cytoplasm
and a central nucleus. The large lympho-
cytes have an irregular cell border, light
blue cytoplasm, and sometimes contained
magenta granules.

In all three species the mean RBC, Hct,
and Hb levels were significantly lower in
juveniles when compared with adults, (Sa-
mour et al., 1994; D’Aloia et al., 1995,
1996). These parameters increased as the
chicks developed. These findings are sim-
ilar to other studies on juvenile birds
(Hawkey et al., 1984a; Levi et al., 1989;
Puerta et al., 1989, 1990; Alonso et al.,
1990; Clubb et al., 19914, b; Palomeque et
al., 1991; D’Aloia et al., 1995; Howlett et
al., 1998). In contrast, at 24 wk of age, the
mean RBC count of 1.9%x10%/I for hou-
bara bustards was still significantly lower
(P< 0.01) than the established adult hou-
bara mean RBC of 2.51x1012/l (Samour et
al., 1994). However the white-bellied and
rufous-crested bustards RBC counts in-
creased steadily up to the age of 24 wk.
These values were not significantly differ-
ent from values presented for the adult
white-bellied (2.31x101%/I; D’Aloia et al.,
1996) and rufous-crested bustards
(2.89x102/I; D’Aloia et al., 1995). The Hb
values for the houbara and white-bellied
bustards continued to rise steadily until 24

wk of age to 13.6 g/dl and 14.2 g/dl, re-
spectively. These values compare with the
mean values established for the adult hou-
bara (14.9 g/dl; Samour et al., 1994) and
white-bellied bustard (15.2 g/dl; D’Aloia et
al., 1996). For the rufous-crested bustard
the mean Hb value at 24 wk was still sig-
nificantly lower (P<0.001) at 14.3 g/dl,
than the mean adult value 17.6 g/dl
(D’Aloia et al., 1995). At 24 wk there was
no significant difference in Hct levels be-
tween the juveniles and the adults in all
three bustard species.

There was no significant difference be-
tween juvenile and adult rufous-crested
bustard MCV (D’Aloia et al., 1995). For
houbara and white-bellied bustards, the
MCV was initially significantly lower in the
juveniles than the adults (Samour et al.,
1994; D’Aloia et al., 1996) and in subse-
quent months, there was no significant dif-
ference until 24 wk of age. For juvenile
houbara and white-bellied bustards there
was no significant difference in MCHC
when compared to adults (Samour et al.,
1994, D’Aloia et al., 1996). In the first 20
wk of age for these two species, there was
no significant difference in MCH com-
pared to adults. Although at 24 wk, values
for juvenile white-bellied bustards were
significantly lower than reported for adults
(D’Aloia et al., 1996) and the houbara bus-
tard was significantly higher than reported
for the adults (Samour et al., 1994). How-
ever, the MCHC and MCH values for the
juvenile rufous-crested bustards were both
significantly lower than for adults (D’Aloia
et al., 1995).

In our study, the mean total WBC
counts were significantly higher and the
observed range wider for houbara and ru-
fous-crested bustards than mean values re-
ported for adult birds (Samour et al., 1994;
D’Aloia et al., 1995). Juvenile white-bel-
lied bustards, WBC counts were similar to
adult values up to 12 wk of age, when
WBC counts became significantly higher
than the adults (D’Aloia et al., 1996). For
all three species of juvenile bustards mean
lymphocyte counts were significantly high-
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er than those reported for adult birds (Sa-
mour et al., 1994; D’Aloia et al., 1995,
1996).

The mean absolute heterophil, eosino-
phil, basophil, and thrombocyte counts for
juvenile houbara, white-bellied and ru-
fous-crested bustards were similar to val-
ues established for adults (Samour et al.,
1994; D’Aloia et al., 1995, 1996). Similarly,
the mean monocyte counts for white-bel-
lied and rufous-crested bustard were com-
parable with established adult ranges.
However, mean monocyte ranges for ju-
venile houbara bustards were significantly
higher than those reported for the adults
(Samour et al., 1994). Fibrinogen levels for
juveniles of all three species were within
the adult ranges.

DISCUSSION

Lower RBC, Hb, and Hect levels and an
increased WBC and lymphocyte count in
our bustard chicks is similar to results for
other juvenile birds. Age-related hemato-
logic differences have been reported in
captive Chilean (Phoenicopterus chilensis)
and rosy (P. ruber ruber) flamingos (Hawk-
ey et al., 1984a, b); domestic fowl, geese,
and quail (Hodges, 1977); various psitta-
cines (Clubb, 1990, 1991a, b); Masai os-
triches (Struthio camelus; Levi et al., 1989;
Palomeque et al.,, 1991; Fudge, 1996);
white storks (Ciconia ciconia; Alonso et al.,
1990b; Montesinos et al., 1997); white and
black (Ciconia nigra) storks (Puerta et al.,
1989); great bustards (Otis tarda; Alonso
et al., 1990) and kori bustards (Ardeotis
kori; Howlett et al., 1998).

The WBC counts in the juveniles were
comparatively higher than in adults and
the range of counts was wide. An increase
in WBC count in the white-bellied and ru-
fous-crested bustard chicks with age is in
accordance with findings in juvenile kori
bustards (Howlett et al., 1998). Reasons
for the increase in WBC are not entirely
clear, although it could possibly be due to
changes in their housing, management,
and social grouping. Campbell (1994) sug-
gested that there is a wide variation in nor-

mal leukocyte counts among birds of the
same species. There are a number of fac-
tors to take into account when interpreting
leukocyte values in birds, including stress
from capture, caging, social interactions,
diet, environmental conditions, molt, sex,
disease, temperature, social group, growth
rate, and season. Mikaelian (1993) report-
ed significant changes in the hematology
values in houbara bustard depending on
the time of year.

In our juvenile bustards, heterophil and
lymphocyte counts were similar or the
lymphocytes were the dominant leukocyte,
as has been reported in juvenile kori bus-
tards (Howlett et al., 1998). Conversely, in
adult houbara, rufous-crested, and white-
bellied bustards the heterophil was the
predominant leukocyte (Samour et al.,
1994; D’Aloia et al., 1995, 1996). In young
great bustards, Alonso et al. (1990) re-
ported lymphocytes and heterophils in
similar numbers and high eosinophil lev-
els. In adult great bustards, Jimenez et al.
(1991) reported heterophils as the pre-
dominant leukocyte and higher WBC
counts than those reported for chicks or
any other bustards. Therefore, we con-
cluded that there are age-related changes
in the leukocyte differential count in these
species. A similar conclusion was drawn in
wintering common cranes (Puerta et al.,
1990) and free-living white storks (Puerta
et al., 1989). The immune response system
could have a differential expression in
young and in adult birds (Alonso et al.,
1990).

This is the first study of age-related he-
matologic changes in white-bellied and
houbara bustards and the most compre-
hensive study of rufous-crested bustards.
Although the number of birds used in this
study was relatively small, the findings
demonstrate discernible age-related he-
matologic differences, some of which
could hamper the interpretation of results
from diseased individuals if not taken into
account (Hawkey et al., 1984a). Whereas,
D’Aloia et al. (1995) reported age-related
findings in the rufous-crested bustard, only
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one group of 4-6 mo old chicks was as-
sessed. The reference values we obtained
are useful addition to data from other bus-
tards (Alonso et al 1990; D’Aloia et al.
1995; Howlett et al., 1998) and other stud-
ies on adolescent birds. However further
studies of hematologic responses of bus-
tards to specific pathological conditions are
warranted to assist in assessment of clinical
cases.
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