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Foreword 

My firsl imeml in bircl, of prey ~t:lrled ov<, 20 ye:lT If,>(') when 
.n injured T.wny wi 'va, brought to me at the Cemr,1 Vet
e.i.my Laboratory. WLlbridg~, Enrd:md. The bird , which bad 
3 damaged w in' 2nd w;I.~ ufferin!; iro", hypothermia, h;ld 
previously been taken to .nother ~'Sta blis hl11 cl\l, but unfortu
nately they had 110 c.~perience of workmg w.th r:tptOrs and 
suggt-'Sted ,h.t it should be taken elsewhere. Fortunately the 
si tu.tion has improved sillnificantly around ,he world and in
formation ou Ih< care . nd Ireatn.<1lt of raplors i, fl OW "" ldil)' 
avaibble 10 all those dl.1 ha"e '0 interest in rh c:sc magnifi cent 
birds by way of public.otion.<, cOflfe,enccs and of coune the In
lernet. 

The improved understanding ,lid knowledge of raplor mcdl
ci ll~ and surgery duriog Ibe pasl 20 yeus h.s r lllt~ in • sig
nifi cant impnwement in dIe he:tld. 2nd hygiene o f these birds. 
A major benefil of this ha. been the csrabli.<hmcl\[ of aptive 
breedin!; progwllmes fo, some o f the mOre endangered 
species of raptot'S with su~quent re-introduction back illto 
their IL, tural <lIvtrl)lIl11tUl. the M~uriuu KC'trei programme 
b~ing 1 good elClmple, 

Tht generous financiAl support proVIded b mdlviduais, ch:r.r
iuble org:tnis:ttiollS. o=siollaJly b'Owrnments but above a.1I 
the physical upport of tl-ams of enthusiastic people b .. led to 
signilio llt ad\IJnce< in "pror biomedicine, particularly in the 
Middle East. 

With dediCJted inSlitute$ like the falcoll hospiuls ill the 
United Anb Emiratd .nd tht F.h. d bin Sultan Falcon 
Centre in the Kingdom of Saudi A"bia. r ear It project. on 

VII 

raplO' di'eases. Ihe dc\'dupmellf of new \ rJC in and the 
eVJlualiotl and efli""c), 0 .iread in'ligatl'd pC',-ific "pt r 
V:tccin~ a n be underr.lKcnThcsc wd(-equipped r~cJrch e -
.. bl i5hlllen and spechli I diab~',(,)slk celllf(" arc c'>SC nual in 
the diagnosis of recognised ,lid new l nd emerging dis~'3.'cS of 
,aprors, In reCent ye.;o,s dise. c< n OI pr ·Ylo •• lly recorded ill 
these birds have emerged, lnd ill an eflOft ro try 10 counter
act thL'Sc sometimes faul disL-ascs, mllch needed research and 
good faeiliti are imper;'li-'(',The popular perception ofbir,ls 
of prey is that as predators the 1fe !!Tong , nd re iliom. as 
most raptor sped.,,; ue ,\I Ibe top of dICIT food c1~Lin , hO\ -
ever, thos~ work.ing widl rnptor kno\ only too well rilal 
they are hi);hly vuln.rab"· to dise;ase. ont3 mi'lJti0I1 of th< 
environment and ch~nges to dIe CCOSYS(('lll , Itt fact .. prors 
generally are Ih~ baromet~rs of how well we are nunaging 
our gJob~1 environmem. 

The gencrou upport of H .H , Gen . heilth Mohanuntd bin 
Rashid Al MalctoLUll and hi.1 bn thers 3S wdl II the e" pertise 
JIld kilO' ledge of the '",rioll contributiug ,l\I thor i. we.ll 
recOb'Tilied. In p.lTlicuiar those at the elll,,1 V.leri.llry Rt~ 
carch L.bo"tory, I ub:t.i who were rL~ponsihle for initioung 

die prorlucrioll of this coruprehe.ww work dl-It h,,, r ultcd 
iJI a publiC3rion lhal will make a ! i~ifica nt contributioll to 
expanding our kno\\~.Jg" and lInd,·ntallding of r;lpror bio
medicine. 

Ruth Mall\-cli 
A"ia1l Vim''l\'); CVL, 

I Hlbrid '<', IIff,,); Englalld 

Copy r gi"tea 'T a 
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Preface 

The obj~ctiv 
been 2-fold: 

of the .lIth rs in publishing litis book have 

Firnly, the olour Ada of alcon Medicine i d,e logIcal fol
low-up of the. olor Atlas of Camelid Hemarology. and ec
ondly it enables ,he reader, veterinarians, Dlcon breeden and 
owners as well as labomor), technicians to utilize the knowl
edge of experienced iemis gai ned in decade of work wirh 
birds of prey. 

It is fi.mhcmlore rhe .udlors' anticipation to put the inclined 
reader into the position of broadening me capaciry of meir di
Jgnomc tools b applying me conten of the eigh t following 
chaprers of thi book. 

The first chJpter s~l'\' • ~n introdu tion to fal 0 111')' in the 
Middle [ a ir was introduced from tile Arabian Peninsula 
to the noble courts of Frederick II and continues on into 
modern rim~. 

One of me achil"\'Cments in falconry in the 21 " century in 
Arabia can be credited to Duhai' falconers who introduced 
the cOlllmendable practice of flying falcons in accordance 
with IT · n.-guJ.tions, instead of birds taken from me wild. 
It i hoped lhar this as an exempbry pnctice ro other 
countries with a history of falconry. All peei .. of me family 
Fako/lid"~' (fal ons) are listed in the ITE ppendi I and 
II. which makes it compul'lOry for aU f.lcon own .... to possess 
a IT permir to enter or le3\'C a count!')'. nicr regulations 
have also now been implemented by ,he Unired A",b Emi
rates authorities. All birds, dmer purchased abrood or bred in 
the U.A.E. mu l be regi tered with lhe U.A. . IT Man
agement AUlhoriry. 

Th. second chaprer re"ol"", around haematology and blood 
hemist!')' of birds of prey. Meticulous efforr went into the es

tablishment of haematological reference valu('S of 7 different 
clinically normal fa l on and hybrid speci~ . For blood chem
i try values the laresr technology a"ailable has been applied. 
However, it hould be emphasized chal il is extremely difficult 
ro obtain onormal. haemarological and biochemistry ""Iut ... 

I 

for fal on . BOlh. handling stres during restraint Md dela 
anal following rhe ,:u"pling pro edu re. can re ult ill 
ni6cam alrerations in certain paramere .... 

• m 
• Ig-

The aumor would like to take me oppornll ry ro create 
.warelless within rhe medical uppli .... • indu try for the need 
for new rechnologl aJ developmc.l!5. Thi WQula include all 
automared synem for the differentiation of avian leucocyt , 
and blood chemi t!')' analys~ which could be performed on 
low blood "olumes usually obtained following *nopuncrurc 
in this peci . Additionally, through the reanof1 of thi ad , 
it is the authors' sincere desire ro srimulare sd ... ,nti ts wodd
wide to hed more lighl on d,e role and import:ln e of blood 
chemistry in rhe varioll falcon diseases. 

The following ix chapters O\'Cr "iral. baclerial, fung;ll. para
itic, miscell.neous and undiagnosed diseas ,foc ing on the 

most signi6cant sign and alrerations found in clinical presen
tatiom, gros -pathology and hi top.lIlOlogy. h re del' m.y 
also appreciare an additional in~ighr into some ill e:ases of ,he 
food animals for birds of prey. 

For an inlpl'O\'Cd understanding of me mentioned diseases, rhe 
authors volunteered ro demonstrate a1tcrauons in haemalo
logical and blood biochemical ""lues in ick fal 0115. In order 
to provide a more detailed understanding of me various 00-
e~ described in h haprer. lhe autho have in luded 
bOlh the haem.lologic,1 and blood biochcmic.lprofi lcs asso
ciated \\~rh each disease. 

This book offers an extensi"e coverage of rhe mosr prevalent 
dL eases occurring in fal ons. onsequendy. lhe author con
sider thi texr to provide a ""Iuable diagno tic O\~rviC\ r aU 
individuals who love and admire rhis graceful, swift and noble 
bird and me arr of hunting which has broughr joy and happi
ness over me course of cenlUries. 

Renare Wernery 
Ulrich Wernery 

jorg Kinne 
Jaime amour 

COPy Igntea 'T a I ... , 
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Chapter 1 

Falcons and Falconry in Middle East 

Falcom and falco nry have formed an imegra l part oflife in the 
dl-SCrtS of the Middle East since ancient time, . In thl' old days, 
weary Bedouins on camel back used 10 loil for days through 
Ihe un-scorched :<ands of the Arabian Peninsula using falcon 
in search of quarry to supplement their basic diet. In those 
days, falco nry \Va both lu rainabk and ubsislcllce form 
of hunting. In modern times, falconry is slill very popular 
throughout tb~ Gulf ountries and It is consIdered a sporl.Yet, 
to Arabs, falconry is an opportunity 10 go back to the desert 
where Ihey once belonged and to reunile with a way of life 
that i already gone. Fa t-cars and fast-food restaurants, in a 
fa t-changing world, are a con ram threat to local customs and 
traditions, but falco nry n:mains deeply rooled in the hcartS of 
the Arab people as a way of conmmnion with Ihe pasl. 

In the old days, Bedouin< u.<cd 10 trap, train and hum widl pas-
sage falcons . h e were subsequently rel.:ased at the end of 
the season, as the caring of birds Ihroughout the year could 
strain their a1n:ady limited rcsources. Today afler Ihe hunting 
e on, Arab falcone rs keep eheir falcons III air-conditioned 

rooms or in free-flying aviaries during the long moulting 
months, so they can be u ed again for the foUowlllg season. As 
a byproduct of Ihi change 0 milude, a subll.ntially large 
population of hunting ralcons an: kepI in captivity every year 
throughoul the Gulf counlries. The number of fa l on used 
for falco nry in the Middle East has been cstimaeed co be as 
high as ,000 to 10.000 falcons. The need for professional 
heallh care to such a large captive population of falcons 
prompted the establishment of modern falcon hospitals ill 
most oUlllri es of the regiot! . In IhH respect, ehere are falcon 
ve(erinary f.ciliti ... run by professional veterinarians in Qatar, 
Bahrain but, especially, in the United Arab Emirales and the 
Kingdom of audi Arabia. In addi tion, many modern falconry 
hunting partie frolll the Gulf tates, take their own veterinar
ians and (echnicians in order co provide veeerinary services 
(0 hunting falcons in field clinics fitted withlll camp lents or 
cu lOIll buil( and fully-equipped caravan . 

Arab falco nry is li terally as full of CustOms .nd IrJditioJls dIe 
Arab falconers themselves. Falcons ill the Middle East an: stiU 
selected and valued by Ihe measurements of the tow.l length of 
the wing and the gird, .round the shoulders and the colour of 

Ihe plumage. FaIcOIll are <till fitted with the ~me type of fal
conry furnimn:, follmving the same pattern .• s the On< de
signed in .ncient times. Falconer.> still train falcons u ing a lure 
nude ofbusrards' winS" tied up in a bundle as it \ done by 
Iheir forefa(hers. The favouri(c quarry n.'mains to be the e1u
ive aud wcU-c.moufLIged Houbara Bu t:lrd (Clllalll)'tio,js 11/,

d"lata), but also the (one Curlew (Bur/,jllllS ""dimelllus) and 
the ape Hare (upu (apeusis) are favoured 10 a lesser e. lent. 
The courage and determination of a falcon lives on in songs 
and poetry.Ye , till toda)" the Arab falconer is involved in an in
trinsic affair with hi falco n , e • dy as it was more thall IWO 
thou$:lnd )'e:lI~ ago. 

11le mOSt common falcon species used for falconry in ehe 
Middle Easl include the aker falco n (Falco (!Jemlg), thc I'ere
grine falcon (Falco I't "'Rn'IIIIS), the Lann.r falcon (Falco biarllli· 
IU ) , ehe Barbary fa lcon (Fa' 0 ptlegrilloidfs) Ihe G)'T f; Icon (Fal
co nwicol, lS) and different hybrids. A bon on (he import of 
wild-caught falcons took effcct in 2002 in the United Arab 
Emirat , eherefore onl pei"" bred birds are allowed into the 
country to be us(:d in the POrt of falconry. ther cOUlllries 
ma)' foUow. Thi wiU ease the pressure on free-l iving 31 ons, 
particularly in the emral Asian region . 

Veterinary medicine has made 3 significant impact 011 fa lcons 
and falconry in the Middle East o""r dIe past 10 ~rs.A hand
ful of veterinarians have persevered ill pioneering techniques 
and therapeutic regimcs to comba( the most important dis
eases and ml-dical conditions in the n:gion. The m t diffi ult 

peet of veterinary work ,vith falcon in the Middle Ease is 
how co de .. 1 ,,~th deeply-rooted an cstral conVICtions . nd 
practICes. Publi through educaeional and promo
tional c.mpaigns may prove m051 effecti"" in the long lerlll in 
controlling and hopefully eradicating lome f the main med
ical complaints affecting falcons . 

c 
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2 Falcons and fay ,n the Middle ., 

Figure 1.1: In the Middle E~1. fakoners learn the art of 
falconry froon the" fathels and grandfather~ lIS tillS 01 

information IS con erred from geneliltion to goner.tion lIS a 
lega<)' of pnde and honour 

Figure t .3: The tamrng of . '~ on dem.lnds 9,e. p.!t_~ camp"':. dt'Ot> 101' 

and a deep knowledge of I yet £"" y 11 fa ner h s to 9' I Y 
bu Id a dose relationship .v'" his '" Ye th I , IP not , typ 
aSSOCIated WIth a mas Of and a • N It a p.!rtnership bet"'."" t\YO th'u 
and loyal mends' A relationship based "JII and understanding. 

Figure 1 2: Fal onl a f 'cc IV t. 1o"!' • n'''9'' p.!'1 
oHle I d<-..rt • anCJeflI 1,lId. Arabian la .. h '" 
betn I. ost bl thaI falconry on tile Arablan !'tn ul. 
saw its . y In '9' dunng p,.·lslallllC 1Jrnes In the AI 
Jahelrya era I't Ih AI Ha h bin MUiJW1yah btn Thor bin iGnda . 

Figur. 1.4:' Saker falcon (Falco <~ ru<jJ h been Int IAVOUNt I~kon 
."...,g" III bl n IhellQ anofhon"! c. ( til"'" Arab al4;oner\hav.tra 
d,t ""Iy f., ,ed ., on." "n' of lIS , ef'durancf on h 
9 .. a Wtngtll and the a II, IhUigorous ~ onlll I of the de!.Pltl 
of the AT aOOn 

COPY 



Figure 1.5: The Peregrine fakon (Fa/co pertg!inus) is without a doubt the ."'inee 
of the Falcons •• It, beavty. grace and •• traordlnary speed are ~ary amongsl 
falwn ~ from all alound Il>e -'d. In Il>e Mick!le East ho~vet. 1he Peregrine 
falcon occupies only second place amongst th. f""ourite species used in Arab 
falconry. Th. name in Arabic given 10 the peregrine is .AI Shah.en« which is an 
e"",esslon de""ed from the Persion Ian9""9" meaning . bal"",e' . 

, 

Figure 1.7: !he Gyr alcon IFaleo ru,!lcolus) IS I"" lafljesl f.lcon In the world and 
a specl • h "S hl9hl, valued n Arab falconry, If. large ~l' and greal .treng'" 
made GY" grtiltly fal/DlJred during the early 70'~ but hell popula,,1Y soon waned 
when It was ~al.sed that they .. ere not able to copt WIt!> the exlreme ... al~ 
(ond lions prev.lpnlln IIle Modd~ Ea'l SUrp<I"ngly, Gy. f.kon, ar. no .. bac. In 
e_ lar!J!f numbers Ihan "" r before, This" probaoly d"" to he b<e "n of 
tile Sll'ilft Union and the demo of falcon IliId ... W1thln the emerglflg ,.publres 10 
opon new malket> With (OUnlfre, In he MldGle Easl. 

falcons and Falcoo'Y in the Middle Easl 3 

• • , 
, 
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figure 1,6: The lanner falcon (Falco blarmKus) is a large dese~ lalcon and yel 
anolhE< fayount. species used In fako"ry In «he Middle East How",.r, m~l ... 
perienced Arab falconers consider Lan .... as fa lcons for beginners as they lade 
the qualities of the ideal f,lcoo to hunt lal9' quarry such as Houbara Bustards. 

Figure 1.8; Po. ~arg. group 01 promo' Iy Gyr ybtod I.lcon~ d "ng. n O1l1Og tr p 
A nybnd lalCon 1\ the p<OdUtl o( a CIOII b<ty,'~n w'" d If r t spec,es of ,_IrollS 
ThIs is atblE'l'ed uneler capt~. condilion. and by the use of aM,,",, nse"',"alJC)n 
(AI) technlquel 1lIe poodUtt1M of h)tlud ialcons was .nll Bted durmg Ihe fa Iy 
70's aUO$S Ihe Un ted 51ales <>lid Europe. Nowad"Y~ hybl~ f.lcons Me prodlKf(i 
maJnly In Canada, Un I ed Stales, Ge!many and tile lInlled K ngllom 10 supply 111. 
demand across he .... "rio. '.1<>,. recemly, (\1,0 capt ,. brEtdlng tent '" na .. been 
51abl~hed In the Un ted Arab Emrra1P~ 10 produce hybo.d lalcOll. lor 10«1 W 

1 
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4 faKOn, and fakon!Y on the Middle E.m 

• • • 
• , 

• 
... 

Figure 1..9: A I~kon", plfltnllng. II'it plgo<ll1 to a nO"! 1.lron dUIIDg I Ii,st 
,l<Ig., oilla 1 lng, The pigeon Illecured '''.II!h 4 ~O" lin hom the Iland to one 
of I" ""J< to P'''''''''' '''''p'. The 1.1"", " U'UJ lyencouTilgi!d by lhola1"""" ti5lng 
a 5fIlfS ot cllatactf'f1"1( vocal zatlons to Jump and kill tI1 pigeon 

Figure 1.11: The lalcon h'" made the k II Jnd" artl"!), eal n9 The lalt;OOer 
kneel, bl'>ldes Iho Ird ca'iing at>d vou lzo>g 'a eocoUldt)t 1M f.lcon 10 eat. 

• 

• • 

Figure 1.10: The ,an· falron [.klng. shO!llun,p to make a ,I E ...... ,ooug ,I 

ilppeaf\ a Imal It"P, th~ shorl JUmp reple, 01, one Ilgn,ll(anl SI.p 'oMaid In the 
tTilln nq proo><' 01 the 1.lcon, 

Figure 1.12: lh!> I >!con .nd , .. P'~ am both gently ,hod aft Ih~ ground, and Ihe 
lakoo "rncourag 10 .al on I h. wml 0 lhe 1.lroner, TIl ,helps OOllllln9 up lhe 
1'161 bel ..... "" lakon 'and 'alcon 
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Figure 1.11: In a more advanc~ slage 01 lralnlng the lakon IS persu.ded 10 I 
a sholl flight from the wrist of the lakoner to catch and m a pigoon pIac~ a II'W 
melers iNlaY. 

- • 

Figur. 1.15: Introdllcing a n<MCe falcon to the lurf. T)'Pica Iy the A,.bran lure 
is rnadt up 01 one or two pa"s of Houbata Bustard Wings tied uP 1ll9"thef in a 
bundle. Commonly a piece of meat Is all"hed to the lure 10 leward lhe lakon 101 
catching it. lures ar. desogned to Introduce the lal<on to the colour and Cllioora· 
lion pattern 01 the wing of ItS P<fY 

fal<ons and fal<onry 11\ the Middle E~l 5 

Figure 1.14: The lalcon making a pass over the pigeon as« miscalculated the 
distance The fakon ,n this case landed a shan distance itlwy and had 0 return 
to the Pl9"on to kiq II. This ioodent tends 10 happen very often WI n<MCe birds 
and al form pa« of the traIning process 

Figure 1.16: In a lI10fe advanced slage of training. the falcon IS released and Is 
allowed to fly free 10 a calfing falconer POSI_ed al a dlslan<e of 600 or 800 m. 
This second falconer usually calls the Iaicoo whlo SWInging a prgeon or a lure This 
slage Is crudal and there ar. no shan cut1. The fakonff ~mply has to ~ 
wI1ethef the falcoo Is ready to fly freely or not. An Impattenl fakone< and a pre· 
matu,. judgement Wllllkvitably result in 1.,lure with the falcon and all the fal· 
cone~' effOflS dlsappeanng 

1 
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6 Fal<Ol1s and Falconry ,n lhe Moddk> E.~I 

Figure 1.17: Tlvoughoullhe Iralnlng period. !he lakoner has 0 be pallent and 
undemanding wilh his falcon. It Is ne"", a good Idea 10 aeetle"lIe any Slage of 
tralmng 01 to try to huny !he faken to do lOOlelhing die falcon is III nOI prepared 
to do. The breaking up of the bond be~n falcon and falconer during al1'/ Slage 
of the ua.nlng process consequently resulls In delays and fruslrallon. 

Figur. 1.19: A fakon In the process of pasSing ewer the lur. ah!'! hi n9 failed 
to (.lleb i~ SO"" f.lcone~ ptef .. the; falcon~ 10 caleb !he lure up In lOt al~ since 
!his minim;ses the danger of breaking feathers on the ground. rakons Iral.ed 
USing lures are fn and haW! great Slamln •• permltt'"9 them to con root more 
effectively the challenges of !he hunting 51'0>0/1 

Figure 1.18: In50 .... counl1res 0 he regIOn. laic"""" use po."tl shlng rodsafe 
rdeal) to attach the Iwe usong a short stOOl rope. The lure ""II be swung n c"des 
while the falcQl1tf caih loudly to altJaCt lhe anenuon 0 the falton Wt lal 
con is dose to lhe lure, this is ,wlftly mGYed in a contrnuour. graceful c"(ul.1 
mGYemenL The same routi,... Is usually executed S to 10 trmes. until the fUle IS 
deposlled on the ground allowing die falcon 10 catch I Thll PI II'" ~ repealed 
up to two mes dally increasing the number of passes up to 25 10 30 

Figur. 1.20: MIXiHn nair ng 01 a talcon A dead Pll')'. usuaOy a qua I. 0\ '"I'd 
a d String a ached Ie a remole cQ.molled plane. Th .... rcose Of I lalcon can 
be '/fr'/ su~nuous as tn! plane can increase its speed dl ",Ih. ~ln9 on the 
stamina of .... bird. hu may last t 5 to 2() m nult'S. A the end. Ih. plane 
sIO'A~ dollitl. tho falcon Cdtches 1!Ie quarry. and the ro~ ~ hoo ed 011 the plane 
(CO<J!1~y M. Ma~m). 
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8 Falcons and Fa conry '" the Middle Ea, 

Figur. 1.25: DUring hunting UIPS it IS tughly recomtlN'nded to Indude some ex
tra tems for !he talcons. The ideal type is "Iuare tents measunng 5 m x 5 m pro
V'ded with wlrida .. ~ arid datn One of lhese tents can easily accommodate 8 to 
10 hooded lalcons overmghl to protect !hem from !he c~, rain and sands10rms. 
owmg the day. the Wlridows and daM 01 til. 'f tents can be opened and proooe 
an Ideal shelter for f.lcons !rom the baking 100. 

Figure 1,27: An internal ",ow of the f j ,,,.t I .ho tho Pltvlous phot'" 
graph. BasiC fumltUl • • ncludes an .. aminatJon table and a side table fOf the plac.,. 
ment of equi","enl and instrulilents. 80th tables are made of Ilghtwelghl wood 
with FOfmoca tops and pfOVided With legs 011 hinges thaI can be folded unde<' 
nea h, The equipment and materlats are placed over the same (001 boxes arid 
crales that a.e originally M 10 transpoolhem, Basic equlpmenl includes anaes· 
therO( mach,ne, pOI1.lble autodave, endDSalpy unil and eq ipmenl, microscope, 
electlOCaulery unll, complete surgical Instrument sel and hospllaland dlnical con· 
sumables. 

Figure I .26: Nowad~, many large hunting pantes ! ,p fltkl ~ (011 hos· 
pilals 10 attend 10 common I'''.. ~ ,bl.mHncc .nlfled u""'J hUT ling II ps 
The tenl shown he,. is a ligb! weigb! unll mounted 011 an alll'l1~lum frame Th. 
inner tent Is provided with a rubberized 100(, a main from DOl' olnd .e,eral 
WIndows fitted with mosquito nemng, The door arid w dows dI' plOVlded •• th 
Velcro laste ... " and zlPfJf<' to exdude dust and sand dUTlng wmdy da The 
outfllkln proooes thermal insulation during e>1leme hot "Nt r 

Figure 1.28; A fake,n Il 010. '" th" he Il'id ""'".101 n e process of fA 

amln ng 1I'f I .1' of a falcon In hunbng fakon~ t" ,"tey"ty 01 th. PI'"' ry 
.nd· I feat' " of the utmost imponance for flight perlOltilance. In,'anabiy 
~Ihe.\ tend 10 g. darr tgl'd during Inadequate hand ing and transpon, crash 

an< f~ht "9 '" ts •• MIle purruing quarry . • Implng., an old medievallerm 
lMdely used by lal("""~ IS the an of repalnng fractu.ed or t,e~1 f.athers Tim 1\ 

probabfy t • f'lOSt (Ofnmon plOblem encounteted during nun I!l liJI', 
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Figure 1,,29: During hunting tops, ttM! body.·.'eoght of ea<h 1.lcOll should be 
closely monitored in ord ... 10 marntain lIs hunllng ability. The weighl of N(h f.,· 
con shocJId be taken N(h day rn Ihe morning and soon after (a'tlng. This young 
falconer Is using an electronic scale to weigh his fakon d ling a hunting trip. 

Figure 1.31: Pattial futher replac .... enl is indICated If the fracture ~ occurred 
al lhe nud·shah Of al ttM! distal end of the fealhe, If the fracturo i, (omplete and 
the fealher fragment IS misSIng. a ..m,lar fragmenl must be procUled "Ofn an 
Identical feathe!. (~rsely. the fr~ment may StIli be present and attached to 1tM! 
rest of the fO'lho< and can be used. Therefore, m both cases lhe ends of 1tM! frag. 
IIknts are left out using a ne·poon ed sci,sor and a f,ne na~ file. A prl!VlOu,iy pre· 
pared Impong needle 01 a 'U1table length and d,amete, IS carefully mserted on 
both fragments 10 make a narrow dlannol. The need10 I, Ihen fixed onto the frag· 
menl and Ihe rest of 1tM! loathef USIng • smaU amount of me~l. gfue. 

Fal(ons and Falconry In the Middle East 9 

Figure 1.30: Total feather replace~t IS Indrcaled when the leathe< IS Ilactured 
.llhe ptoximal _ of lhe feather sha I. The fractured futho< is CUI appro,l. 
mateiy IS mm 10 25 mm from the skin USIng a nali (utt .... The new fea her i, 
placed in poSibOn to assess the !eng making sure to ma ntaltl bilateral symme· 
Irywlth 1tM! 0Ppalli. Wing. A bamboo peg. aboul80 10 100 mm long. IS Plepared 
by sharpening bolh ends 10 maldlloosely the diame er of 1tM! of the new 
fealher and Ih. empty shah of the Wing. The wooden peg lS r,,,tIy glued mID the 
shah of the new fealher USing fast setting epoxy glue. AdditIOnal glue IS then 
placed InlO Ihe shaft of the WIng maklng S\lr. Ihe fealho< is ptOpefly ahgned A 
small cardboald card should be placed under the impong SIte 10 prevenl ue frOfn 
smeanng adjacent f.ather~ The wrng should Ihen be dosed In Ihe nalural 
analOfnical palltiOll and ~I the feathe<' held ,n pface""ng harr fastener' unl~ the 
glue is set. 

Flgur. 1.32: ,(opong. is .n old medieYallerm meaning the trimming and re
shaping of talons and be. . Overgrown tafons ar. besl lJimmed using. 901110 
tine·type na I OIlIer. The talon i, then ..... haped ",ing a sharp blade and nail files. 
The use of a lanolin Or paraH.n based hand (Jearn IS recOfnmended after t"m .. ng 
and reshiPing of 1tM! talOllS. 'alcons should have the talons trimmed be· 
fore pfaoog Ihem inlO mou 'ng dIam~ 
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10 Falcons <IIld F~I(OI\ry in the Middle EMl 

Figure 1.33: A hunnng party Is usually Jnlegralec! by a group 01 6 to 8 lalcontrs 
In 3 to 4 cars driving aaoss the sands. Commonly, there is • leading car carrying 
an •• pen tJoder, He will be looting lor 1he characteristic footprints of the 
Houber. Bustard impressed on the flllt' sand. VVIlen tracb aff foond, a .spotter. 
fakon IS takln out of the car, Its hood is rem""ec! 10 it can S<;an the ground in hoot 
of the vehicles. When the 'spotte,. falcon sees a Iloubara and locks on n, a sec· 
ond falcon IS rt!leMec! and the dlase bEgm~ 

FIgure t .35: Peregrine lakans a.t much sma ler birds than Gyr and Sa",. fal· 
(ons. tiowl'Vl'r, a 0lIlill0 i'o<egrlne weighing 700 10 BOO 9 v.ould normally engage 
and kin a much he..,.., HOilbara Bustalll weighing up to 2000 9- Peregrine fal
cons favrur catching prey In mld·air IOmetirnes ., a very high a itude. 

....... 
• • . -..... - '~' .• < .... • -

flgu.e 1.34: A sakef talcon hol4lO9 firmly 1he Houbara Su'lard that had JUSt 
caught. Immediately alter ... klng the kil l, the falcon ""II stan r-e<ir '!l tbe ne<:k 
In order to selil!re the head. Ibis is carried ou by Instinct to rna sure1he "'1"/ is 
uuly dead. The falmn ... 11 then Pfocoee! to plud so .... II'il1bef; trDm the chost and 
stall eating actively. 

flgur.l .36:A Gyr x So or hybrid chasing a lIoubara Bustard. 
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Figur. 1.37: A Sa or falcon had jusl (aught a Houbara 
Bustard. The 'alconer is c~lng the five Hoobara using h1S 
dress and is askln9 to be broug t a dead pigeon to deceive the 
falcon and r.tri.~ the live Houbara. Houbara BU5ta,ds ,es· 
(ued in this way are kept and WIll lat ... be used fOl uaining a 
novice falcon. 

Falcons and Fakonry '" the Middle East 11 

figure 1.38: .Huntlng is part of OVI~se<J man's hfe and no communily should bo 
d~ill!d of the opponunily to Indulge mit. I( howe~r, It ~ going to lead to the 
elllmCllOn of the animals hunted must be modefated lest new generations 
sIiould OIl!! day find thel11St'lves the only speaes 0 a.imalleft on the Earth. (Ab
dullah NU'Nai~ 1976, UndelseCletary o' the MiniStry of Informallon and CullUle. 
Abu Dhabi. United Arab Emira es). 

1 
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Chapter 2 

Ha atology and blood biochemistry 

he use of labomory les as an aid 10 the diagnosis of clini
cal dise2 e It b .. 0111" commonplace in avian practice. How
",,,r, il i, impoTUlI1 10 realize the limiuti II< of laborolory 
results. There i~ no ,ub titute for a thorough clinical exami
nation, and therefore clinicians should realize that clinical 
pathology hould alway be regarded a an ancillary diagnos
tic aid, 

Method for blood sample collection 

The toul blood m lumc in clinic-.o.1ly normal birds is in Ihe 
r.tnge of 6 m II 1111 per 100 g of bodyweight. Thus. a ( .. Ion 
weighing 950 g would have approximately 57 011-104,5 0110 
blood of which. in a clinically normal indi\'ldual, up to 10 % 
(5.7 ml- IOA 011), can be safely withdnwn \\'IthoUl having any 
detrimenldl elTeCl on the patient. However. only 0.2 ml-
0.3 011 of blood is generally ufficiell[ to carry O UI a compre
hensiw hlemltology examination in a f.tlcon. when manual 
methods are u;ed . For automated melhodology io luding 
haem>t logy and biochemistry, a minimum amount of2.0 ml 
10 3.0 1111 of blood 1'1 required . 

In falcon , blood <ampl'" are cOIlUllonly coUected using the 
b.,ilic vein (I tll~ Mallta "/lIaris SIIp<'ifrcialis) (Figure 2.1 a). In 
• dditlon. other preferred si t lI1c1ude Ihe righl jugular Vei'l 
( ~rlla j"JI"/rlris dtxrr~) (Figure 2. t b). a this is generaUy larger 
than Ihe lefl in mosl avian species, and the caudal tibial vein 
( I"rlla 1/I~/ararsalis pla/llaris SIIprifrrialis) (Figure 2. t c). 

The amhors recommend obuining blood 'l11ples rom 3 
ba ilic vcin while the falcon is caS! on its back. The preferred 
material for venipuncture include a 23 or 25 gauge dispos
able needle. bent from the base at approximately 25° angle 
and 3 I ml or J ml di posable syringe. In falcon the optimal 
area for collecting a blood so.mplt from a ba ilic vein is along 
the medi.l cellon of the "CIIl . The preferred ide is from the 
right wing if you are right handed. while the left wing would 
be the preferred side if you are lefl handed. Venipun ture im
mediately above Ihe dbO\ joim i nOI recollunellded, as 
haemonasis is tlifficuh 10 achieve at rhis site in mo t case .The 

The of avian blood ample< ha< become routine part 
of diagn stic evaluation and re,carch. It is uscfu in the diag
nosis of clinical disea e, performance monitoring. pre-anae -
thetic checks and pre-purchase examinations. AdditionaU • 
cemin tests may b.: required for in UTan e purposes and im
port / export requirements, 

applicilion of digital pres lire \vith the thumb at the proJOlnal 
humeru< \\ uld help rai'ing [he vein, maleing it clearly visible 
running parollelto the external aspecI of the htimcru . Afler 
eparating the feathers and preparing the ite \\~Ih 3n alcohol 
v.lb, the bem needle i geml inserted into the ~in at an ap-

proximately 45° angle. The sample can now be oollected tak
ing precaution not to exert high ncgativl" p~ ure while 
wlthdr.t\ving With the yringe ince lhis will inv:ariably result 
in the oll apse of the vein. While withdrawing Ihe salllple. it 
i recommended to continue maintaming PTe$ ure on Ihe 
proximal humeru 10 emure a rai ed and well-d~fined vein. It 
i e ential to avoid udden movements that can .brm Ihe 
bird and rriggt'r a <!Tuggle. as thl'l can e. ily lacente the vein 
and re ull in a haenutollla or, what i \\ rse, a severe haem
orrhage . 

After coUection •• sl11all ball of dry couon wool should be 
placed over the vcnipuncture sile and Ihe \ving closed to 
maintain pr ure Owr the ite for 3 few seconds. It i <trOngly 
advisable to check the wnipuncture ite before releasing the 
bird back to ilS enclosure to make ure no po" coUeeti n 
haemorrhage ha occurred. 

After blood coUection, the ED A or hl"parin tubes arc g"ndy 
haken 10 avoid blood clots and / or h emol is. Reject any 
mple that conuins clots or i, h3emol~d, a t~c proce ing 

of such samples would invariably lead to inaccume and, there
fore. misleading resul . 

CODy IQnt 'T 



Figure 2.1 a, B ood samp ng from a b.w1ic yt (.elld rutdnt'd uln.ms I 
fioolm. 

Figure 2.1 c: Blood samphng 'rom I caud.11 tibo.ll vein (lltno mer.r.I5.lI'$ pl.". 
ram wper{IOi1I,s) 

Table 2.1' Blood collection tubes for falcons 

Kaematology 

I Ml(tota ne< 1 £OTA OS ml 

2 MKfotallltf EDTA. O.S ml 

3 Uthium Hepann 5 mf 

4 \larutaln .. K,E 4.5 ml 

5 Varutainel llthlOOl Hepann 2 ml 

6 lnhlOOl HepalVl 0.5 mI 

thod for blood sample coIleroon 13 

~~1 ""' '''''----

• 

figure 2 1 b 

Ulood sample sh uld be uke" III J quiet lnd lean en\'iron
memo Ph I l ogic.lll~u toslS Ongh while blood edl count) 
o curs as 3 fe,ult o( excitement or ,tI'e<S. 

i a sUII.,ble anll OJgl,I.IIIl r. r f~ 1 011 blood. 110"'
ewr, one should be aware lh.[ hacm Iy<l' accu when bl od 
from other ~\'iJI1 pc ies. such. ostrich . eOr\'lds and kook
.burra . are mixed with DT . For rhese 'pecies. hepann or 
citr.lte tube should be used. Ulood hould be examined 
grossl)· for colour. clo lnd ond,,"ce of erythrocyte agglul.1-
n lion.The pr ellce oflip,d lila), re ult Ill. lIulk)' red blood 
sample. 

Different blood olleeti 
ogy and biochemimy 

Biodtemistry 

-
-
-
-
-
-

n lubes .re used (or 1:11 011 h.<IIL1Iol
able 2. 1. Figu", 2._). 

Manufacturer 

Betton 0 "SOIl 
Teklab lid - U K. 

8«ton 0 nson 

8«ton 0 

Becton OK lIl>OO 

Teklab Ltd. - U Il 

1 - MlOotalltel T m 8rand SST (0.6 mil 8«ton D1Won 

8 - MKfota'""' Serum Seperator (0 5 mil 8«ton Drlson 
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14 Haemaloiogy and blood ~'S1J)' 

Figure 2.2: Sample, 01 avian blood roll«tJon rul", 

Automated haematology system 

-
figure 2.3: Automated haemato!ogKalanalystt 

IIl l lete blood (OUnt5 ( 13 ) are COIllIll nl perf. rmed a 
part a prcsurgical- reen r part fa .well-animal. care. 
The ~'\lilabllity of cnu . lIlOnJaled or autonuled haem tolog}' 
anal 'sel'5 offel'5 velerinary practitioners and 31uoul owners a 
11I0rc effinent and more preM te5ting S lem thaD thaI 
• 11Ieved using lIIanuailllethod . 0 emun- a ura • of results, 
in-holl e and external quality comrol programmes ar e<sen
tial .... linn-liable n-sul Jre misleadmg and often worse tha n 
no re<ulu at all . 

A wide ' .. flety of m trumen are avaibblc, 11l0St of whICh arc 
,pc ifi all desIgned for hum.n blood anal . However. 
11 1 re recendy, .nal csel'\ hal'\: bec me available r. r nearly 

There are a number of vartable< winch may affet:t Ihe re<ults 
of labora tory IcstS. 

hCSl' inclmk I 
• Individual ,':mation . uch :Il breed. <e . • age, fi 1 

• Sample collection. handling and trampomtiOfl 
• l:Iboralory eqUIpment and anal ncalmethodblOb'Y 

, 

all dome tic animal, m mo iJtlon with I1lllluplc pre-pro
gramllled settings. Today, advanced hacrJ1aloIOb'Y s 'Stems uS<: 
flow ytometry 10 Coulll and idennfy blood cell in wl<rmary 
$JllIples. A! cell p throUb~l the Ia.er beam, dley absorb and 
>cmer light. lmcrrupnoos 10 the IIgbt beam can be uS<:d to de
lernUlle cell COliO ,wherca chang in hglll are 1I I'd 10 de
lermllle cell ite and illl rn I comple ity or de, ity. For [he 
evaluation 0 hlenm logy paramelers a falcoa blood, we 
used a ell Dyn JSOO anal) er ( bbon Ltbonuory, orth 

hi go IL) (Fig. 2.3). 

Thi "n31 ser uses Oow lomclry 10 C li nt and Ideillify bl 
cdls in samples obtamed from a variety of ammal peel . The 
flilly automated instrument mea urcs red blood cell (RJ3 ), 
while bl ell (WB ) ,lIld plJtdel (thrombocyle: PL: 

unt5. Gain <enings r Ihe b er were modified 10 allow us t 
store reference values for a Luge number of pecK'S (camel, 
go.ll, he.:p. dog. cal. co' • g:tzdlc. horse, aVIan) and human. Pa
"-Jmele: r. r u h pc i were ''erilied by p es ing m re 
than 20 blood mplcs fiom clinic .. lly normal :minul peeies in 
parJlId with manual OUIll>. Ilowe\'\:r. due I tljc IIU lealed 
red blo d cell 0 avian, onl rtl3 ,~U and packed cell v 1-
ullle (I' V: haem.t ril) were calcul.lIed on tlli m3 hine. 
Haemoglobin (1-1 U), me.n cellular volume (M and mean 
cellular haeillogloblll (M H) were .kulat,-d u~ng the fol
lowing fonnula able 2.2). 

I 



Tabl@ 2..2: Calculation and oss@ssment of red blood (e ll lndl(es 

Erythrocyt@ Indkes 

Haemoglobin 
HB (gfdll 

Mean (el ul.lr 
volume 
MCV (fll 

Mean cellul.lr 
haemoglobin 
MCKIpg) 

Calculation 

HB - HG 
3 

C 
HG. 10 

M V. RBC 

MC 
. HBxtO 

H RBC 

Assessment 

-
0, erenllal 01 erythrOClles 
Inlo micro. nonno and 
maaocytes 

O,ffe,ent.al of hyper and 
hypochrormc at'I;t@m.a 

In bird .the haem gl bin occupi one-th ird of the red blood 
cell volume.Therefore an estim.cion of ,he haemoglobin <on
c(nmllion can be made by di,;ding the h.cl1lJ locrit (H T. 
P by 3. 

WB s are idcncificd by • Cdl 0 'n 3500 Analyser with ~ no\'
eI ppro;, h rderred to a Multi Angle Pobm"d atler "p
. ration ((or details see the company' excellent manual). Thi 
s stem workl very weU with mammahan blood. but CUUlot be 
used in a\llam (Figure 2.4 . b). or re2sons described below. 

The below Cell Dyn 3500 hJematology r"por f J healthy 
CJmel (Figure 2.4 .) and a hea lth fal on (Figure 2.-1 b). ilIu -
[ra tes Arsd). how Multi Angle Polarized aner epcration re
ults m d,e dcterminatlon o( cach of the 
m~mmahJ n blood. and secondJy \Vh ' such a system cannol be 

.. , _ _ 's I' 111 _, C. ·.~ .... -.. 

.. . . _ .... 1.11. • • I 

~ 11 . 1 ( lOll I'. •..• ~ .. ". ' ," . ~ It.... ..• . .... 
••• • •• , • ••• _1 

•••• .••• . ••• u 

,.~, til . ' Ie' 
' h • 

" cx ny 

Figure 2.4 a: Ha!!llalology r~n of camel blood 

,. ~.¥ ........ , ".'61..r" ._. ... ~.*.. . ,." c ••• • • ,_h, 

Ule 

Automated l\aeillatoiogy s~tem 15 

used r. r d,e ~naJysis of aviall blood. he instrum~nt records 111 

graphical dlSpb 2 aner pi t5 lId 2 lustogranml<~s. TI,e 
leukocyte cyt ramme on the upper lefl, epa ... te$ whIte 
blood celli on the basis of 'le and complexiry: Lymphoc tes 
(blue) and b sophil (when present) fall into the lowest clus
ler. with basophils appearing hghtly 10 d,e raghl 0 lympho
cytes. Monocytcs (purple) appear in a duster abo"e lympho
cytes (blue); neutrophils (red-brown) :lI1d eO:linoplllJ (green) 
cluster above and lightly to the right ( mon C}~e (purple). 
The above right scatter photo ,ep.rJlcs eosinophils (green) 
from ncutrophih (red). 

The low('r graphic show hi tOb>r.llluncs of Rli Odi) and 
wlli te blood dl impedance c unt I ). I n the omple iry 
< aner plot 0 the (,,1 on .mple. cells into I he Iym
phoCYle area (red cdl ). In th is iru.tion, the in.<tfument ho\\ 
• RB flag. indiuring the P'" n e f nucleated R.B .md 
, JID thaI il h. ch ~n ehe WO • c U'l1 (= "pri . 1 melhod). 
The WI (= impedance method) count is higher than the 
W oulll due 10 the presc:nt o( !UJ . W I I not able 10 
discri minale NRB and is therefore automatically eliminated 
fiom the W count by J dynalllic threshold. The re3l0n 
for the f.ulun: with aut Illdled leukocyte dcterminau ns 111 

avian . i the imilariry betwecn the different Icukoc ·tes with 
n:spccl to size and hape of the ceUs. the nucleus and the gran
ules and the presen e of nuciea,ed R.B s. Furthermore. III ~
cons ti,e lymphocytes are ... try similu 111 size and . ppear:m e 
10 thromboeytts l nd cannot be differcnti. tc-d electromcally. 

onsequcll1l . all leuk yte diffe rentia l coun~s fo r ral on 
werc manually performed according 10 the ollowmg pattern 
(Figure 2.5). 
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Figure 2.4 b: Haemato!ogy 'eport of falcon blood 
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16 Ii arology and blood blOChpmtsuy 

Diff~renti31 ~ B counrs r~quir~ Ih" preparation of stained 
blooo m~Jrs. nlC optinlal ~rea for ~valu3tion i (he ront half 
of the ,llIear behind the fe.thcred edge. 

Figure 2.5: Patt .. n of slid. film examinalion. 

Blood film preparation and staining 

Blood 6111\.. hould b.: prep.,red soon Jl ible afler blo d 
sample ollecooll ro avoid me£: ttu;!) changes. Blood fibns ~re 
prep.lred in "ariou wa <. including the lide (wedge) method. 
rhe cover slip nll·thod and the amonured lide spinner 
method. It is ("seno.l. du t in[;lcr cdl, arc prcsent on m~ slide, 
cnablillg aCWTatc c .• 1I11iuaciol1 .1I1d differenoal leu 0 Yle 
COll1l1S to be mado. 

The importance of producing high qualicy avian blood 
smear> G1I1not be owr-cmpha$i2cd. he qualicy of the final 
<[;lined smear directly .flOuen e'S the 3CCUr;) of the diagno
sis. Smell'S made at the time of blood collt-etion. rcfleet the 
l11orpho lOb';cal changes of blood ceUs at tha t point. Proloogcd 
or in ppropri3te blood sloldge l1I3Y have a negative impa t on 
me qU:llicy of me ee.lIs. and .ubsequem examination of smears 
may rewa I anefac ru.11 ellular chan~es in luding \'3(l1ola rio" . 
swcllinl\ and ,"crc"sed numbers of mudg.: cells. Additionally, 
conr.ulli llation of blood smcars \\~th du t partick" or stain 
precipltares JIlay resu lt III .lncf:, . which Ulay be m; ('lken for 
bacted or pamiles. II I therefore exlremel important. 10 
me clean slides and resW preparcd seains, Blood should only 

Agu,. 2.6: SI ",. ~ n r qlQWlIlI''9! 

Falcon 
Blood 

be obr.ained from liveanima\5. as me a lS. \\ III h are c.used 
by di imegldollg cells are often found in p st "'.lTlell1 blood 
~1mples. 

A lide staiJlcr cytocentrifllgc was u cod for all 1~1c() 1l blood 
tested (Figllre 2.6). 

l3e ore the slides were mounted in a rotating ,.1rou,d. the slide 
blood fi.lm method \\,3., carried out as d",cribed bdo" (Figure 
2.7). 

On c prepared, the slides ' .rc '. dried on a w,cm air 
ctting ( lectrOthcmtai. ngland. Figure 

St..ndan:! haematology reagentS u cd for the ,],de srainer cy
eo ellIrifuge consist of separale eo it! 3nd tlnll'ltI (uur B, 
methylene blue) SI;UDS plu 3 light eosin rinse. JII In aq ucom 
solution. Anhydrous memanol i L1 ed for li~JllOn . It is a rap
Id and consi tent taimng melhod ~nd rains 31l' • 'opllo"~I
Iy smble. 

Figur~ 2.7: A Im~1I drop 01 mixed blOQd " placed on the end Il ~ d.~n 91"'1 
slide and a second gl." slido (spreader slide) Is placed on the '" ,Ilde at about 
30 degrees angle in froot of lhe dlop 0' blood. The spreader \1 Is then pushed 
forwald. 

COPYrighted ma erial 



Re erence ranges 17 

Quantification and clWni!131l0n of the ccUular con lltuentS of 
falcon blood may re\'Cal: 
• various typeS of .IlJcmi. with low IUJ '. H T (I' and 

HB 
• dehydr.mon / haemoconccmraoon ""th e1ev;lled RJJ . 

H Tand NB 
• bactenal infection WIth devated ount nd neu- 2 

rrophilia.1 mphocyto<is or monOCYlo'iis 
• Vlml infl'ctions and tndo and elllerotO .... cm"" 'Vlth low 

\VB C ont .lI1d hcteropeniJ 
• par:l iri infecrion~ or allergIC with eo'inophilia '" ,orne 

c. '" 

fig ure 2.8: flaelilatology ~Jd .. dr)mg on a ~id< d,.,... 

Referenceranges __ ============================~==========~==~ 
It IS dIfficult 10 define the lernllnology . normal v,)ues_ bUI 
reference ranb"'!' which arc pre <ntcd on Ihe nt·X! p3ge'. re
Iale 10 dala from differem e1ini ally n rm.) f.,icon pecles. A 
mentioned earlier. II is ometime! difficult 10 ohr.,in . norma) . 
va)Ul'S due 10 chanj,'l:S whI ch nuy occur during h.lndhng 
Slrl sat d,c time of vempunClurc or follo'Vlnl: delays III blood 
anal ,cs. 

Ihe refcrencl'S ranges were assumed r mcilldc al) V3ll1cs 
wilhin IWO t.lndard dcviati OS ( D). either ide of Ihe mean. 
The number (n) of f.1 ons rested ''aried lor each pe irs. be
cause firstly the "olume of blood sent lO the IaboralOry was of
len in uffi iell! 10 ondu I al) te ts offered. and second! bt-

JUse not all te IS were required for each (l)con. 

linician and clinical parho)ogi'l3 ",u<t haw sollie know
ledge all which 10 detenlline the S1gmficance of the re ullS. 
Textbook f't'feren e<l are often not applicJble J anal tic;a] 
methodology V3ril~ widely belween bbor.lIori",. and conse
quend it would be id".1 10 establ,-,h nOr11l3) parameters for 
individual birds rom the same bbor.Jtory owr ,evera) rears or 
at least over a hunting season to derect early changes.Thi con 
be impl a hlC"cd by feeding resul ts in a t.Uldard database 
progr:lIl1me. 

Haem'lol gy VJlu" of e1ini any norm.,) falcons arc Dr 
in the ollowing Tables 2.4.2.5.2.6.2.7.2 . . 2.9.2.10.2. 1) . 
Due 10 the hIgh numbers ofEI TA blood '-lmpb recei"ed at 

VRL. e. epr (, r Altai f.,1c ns. \'J )U l of t1w different fal on 
>peeil'> Jrl' also pfl~nted "p.rarely. Howe""r. thi trategy 

could not be Ill. intallled fi r the pia Ill' hen 11 try due to a 
lower amOllnt of samples received. .,Iues from different fal
con SpeClC! arc thef't'fore unllll.nzed in .ble 2.17. and til 

Tab)e 2.1 6gu are presented rom the known literature. 

Table 1.3: Explanations of abbreviations for haemalology parameters 
and their 51 Units 

Abbreviations Parameters 

RBC Red blood cells 

HB Haemoglobtn 

HCT HaemalOCJlt (Packed cell volume = pcv) 

MCV Mean cellular ""I"",e 

MCH Mun celIul .. hMmoglclIlon 

W8C Whll! blood cells 

HETERO He erophlls 

lYMPHO lymphocyt!S 

MONO 

E05 Eosloophols 

BASO 

51 Units 

.10" II 

gJdl 

In 

II 

pg 

,to'1I 
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18 1< . t oIoqy and blood bIOCh.",.wy 

The y terne IIII<rnJonrl.ll J'Umt< , '>1 \\J\ rC(ollul1cndcd 
or use in the health prol", '(111 DV th, I; "rid fl c.lth. 'CI1l

bl H ) in Ma),. I'I~~ IJ", 01 ~ I" tn>tl!!h ,e,,'mmetllkd. 

Table 2.4: Summar;led haematology values of 2018 samples from 
7 dIfferent dinic.aJly normal falcon .peo .. 

Parameters 

RBC 

HB 

HCT 

Mev 

MCH 

wac 

HETERO 

LYMPHO 

MONO 

[as 

BASO 

Units 

.10"n 
gldl 

III 

f1 

pg 

.10'/1 

Mean", SO 

" u 

1495 ± 1.39 

0.45%004 

13985% 6.33 

46.42± 2.55 

9.64 ± 3.96 

59.80 ± 12.87 

34 B4 ± 12.88 

4.46± 277 

0.43 

n 6 

Table 2.6: Haematology valu s of 990 <link.1l1y normal Gyr hybrid 
lalcoM' 

Parameters 

RBC 

HB 

HCT 

Mev 

MCH 

WBC 

HETERO 

LYMPHO 

MONO 

EOS 

BASO 

Units 

.,0"/1 

g/dl 

III 

fl 

P9 

.,0'/1 

M.an ", SO 

3 ~ r 31 

1467 ± 133 

0.44 ± 0.04 

140.13 8.10 

46.21 ± 2.71 

9.43% 5.15 

60.42 ± 1468 

34.37 14.23 

4.73 ± 3.67 

0.31 

0.04 

and mall}' scil"ntlfic journals nOW ""1111« til t lInlt DC e -
pres ed In I tern . 

Table 2.S: Hematology values of 187 (hnically normal Gyr falcons 

P.,ameltl'$ 

RBC 

HB 

HCT 

Mev 

MCH 

WBC 

HETERO 

lYMPHO 

MONO 

EOS 

BASO 

Units 

.10"11 

gldl 

In 

II 

P9 

.,o'n 

MNn:<SO 

" - 028 

ISOO 133 

13932 544 

s'18±18J 

871 380 

5853 12 90 

37S4:t 1298 

372 250 

020 

000 

Table 2.7: Haematology value. of 267 chnieally normal Gyr x Peregrine 
falcons 

Pa,amel.1'$ 

RBC 

HB 

HCT 

Mev 

MCH 

WI( 

HETERO 

LYMPHO 

MONO 

EOS 

BASO 

Units 

.,0"/1 
gldl 

UI 

II 

pg 

.,0'/1 

Mean 1 SO 

. " 

15.33 0 1 

o ~ 001 

13731 •• 15 

4> 70 34J 

931 324 

6000 11000 

374h1l18 

1/-123 

000 

000 

COPY 



Table 2.8: Haemalology values of 138 dlnlcaUy normal Peregrine 
falcons 

Pa.rameters 

RBC 

HB 

HCT 

Mev 

MCH 

WBC 

HET£RO 

lYMPHO 

MONO 

EOS 

BASO 

Units 

.,0"/1 

g/dl 

III 

II 

pg 

.,0'11 

Mean % SO 

3.18 % 0.50 

14.67 % 2.06 

0.44 % 0.06 

138.43 % 6.60 

46.13 2.10 

9.32 % 4.69 

60.95% 12.Q1 

32.00 '" 11.81 

6.23 '" 3.6S 

0.52 

0.26 

Table 2.10: Haematology values of 290 dinlcaUy normal falcons of 
unknown s~ies· 

RBC 

HB 

HCT 

Mev 

MCH 

WBC 

HETERO 

LYMPHO 

MONO 

EOS 

BASO 

Units 

.,0"11 

g/dl 

111 

II 

pg 

.10'/1 

Mean % SO 

15.00% 1.54 

0.45 % 0.05 

142.40 % 7.80 

47 .46 3.48 

10.83 % 3.34 

57.09 16.50 

36.58 ± 15.59 

4.79 % 2.53 

0.43 

0.23 

Reference ranges 19 

Table 2.9: Haematology values of 146 dinicaUy no<mai Saker falcons 

Parameters 

RBC 

HB 

HCT 

Mev 

MCH 

W8C 

HETERO 

LYMPHO 

MONO 

(OS 

BASO 

Units 

.,0"11 

g/dl 

In 

II 

pg 

.'0'n 

Mean %SD 

3.18 % 0.29 

15.00 % 1.46 

GA5:t 001)4 

141.50 % 5.89 

47.17 1.73 

10.21 %3.53 

61.78:t 11.16 

3111%11.46 

02:t 3.02 

1.12 

0.40 

Table 2. I I : Haematology values of 3 d inlcally nO<mal Altai falcons • 

Parameters 

RBC 

HB 

HCT 

Mev 

MCH 

W8C 

HETERO 

LYMPHO 

MONO 

EOS 

BASO 

• • _from 1.01. 2 4 

Units 

.,0"11 

g/dl 

1/1 

II 

pg 

.,0'11 

Mean %SO 

337 % 0.38 

16.33", 1.65 

049.0 0.05 

145.40 % 3.26 

48.45 0.26 

15.07 % 5.31 

61.33 20.23 

27.33 ± 17,93 

11.33 % 2.31 •• 

0.00 

0.00 

•• "- II' wikk.1J!tIt Ilk"'" monocytll!6 & caMd 1'1' ''''''''''''I •• os, 

2 

... 

C yrlghted r Ie lal 



2 

20 Haemalology and blood b,oche"'''t'Y 

Glossary of terms - ---- . 

ormochroma ia: ormal r.ange-pmk colour of erythroc 't 

Polychro ltl3 ia: The pn:sence 0 bluish-red erythrocyt"'. Polychronmophlhc erythrocytl'" a reoculocytes 

Hypochroma in: Decre3<ed haemoglobin concentration In red blood cellI <hO\", Incre.sed central pallor 

Anisocytosis: .ri.tlon In erythrocyte d,ameter 

, 
ormo~osl : """"nce of norm.1 erythrocyt< 

Poikilocyto is: Abnorm.lly shapt."<l erythrocytel 

Red ulo ytc : ImnUlllre eryth rocyte 

Polycythaemia: Increa ed number of l'rythro ytcS 

Karyorrhexi : R.u prurc of cdJ nucleu 

Karyolysis: Di lution of cell nud<ll< 

Erythropoiesis: Production of erythroc)'t< 

rythrocytosi (1' Iycythaemia): ",ere.1 e f erythrocytes 

Morphology of normal falcon blood cells 

In all \'erlebr.[.< except mamm.Is, the erythrocytl'S .re oval 
h.pc:d and nu ICdled, ErythropoiC' IS takes pb e in the bone 

111;;lrro\\. Avian e 'Ihro 't~ are J-argli!r C.h311 III tl'llllJlian red 
blood cell<. When cells mature. the ize of the nudell< de
ereast' and the volullIe of cytopl."," iucn.-.,es. he mature 
erythrocyte 1M ;1I1 o\'al. centraU posItioned IIU leu . The cy
t p135m tams orallge-pmk. cth'e erythropol~i ill birds is 
basc:d on the number of polychrom. tI cell and on the ap
pearancl' and size f the nudell< and cytoplasm in blood films. 
and not on reticular nutena!' Iteowl.r maten al I virtually 
pres~nt in all erythrocyt~ ofbinl< Jnd therefore I\ukes inter
pretation very dilli uh. The degree of erythrocyte polychro
m.lSl. I MI II1d'CatlOn of er)"throgclIC1is .• Uld pcnpher.u blood 
fihm from dll1l all) n rmal bird, how a 1-5 % erythrocyte 
polychromasia, ther e\,tdence 0 a moe erythropol~is I the 
pre,ence of bl-nucleated immature erythrocytes and an in
<rea 111 lhe lIumber of norlllal illllllalllre erythro yte 111 the 
peripheral blood. However, m c. cs of non-an,lemic falcons, 
th",c cdb muic.te .bllornul er)'thropole i . 1111111. lUre ery
thro ~ I\IJ . 1'0 imh ate Jbn ml I er)'throp ie<i~ or an ear
ly release from the IlJem.t poiell ti ue r. 1I0wing 1110 i in
,ult or t X1cit)" 

Eryth rocytl", hcterophlil and monocytes are not diflicult to 
Idenuj)< in 3\;an blood films . In birds.lh" celli ;uuJO!,'Ous \\ Ith 
I\ulllln.li, n neu trophIl, , re 1m \\ n a heterophil . The)' pos
,." brick-red. Igar-sh.pcd gnnuk . 

xtcnsi,'c eXpCTll'nCe IS reqUired HI the Identification of! m
ph )'td and thromboc te'!.TllIS i, e,peci311 [rue in relation 
[0 acti,,:ued thrombocytes, rerllled megathromb c)'tcs. 
Thrombocytcs 111'), also be cOllfu cd wllh di flIpted ('rythro
cyte JlU lei. T herefore, peri.1 Jttellll 11 ila b~en drawn to 
thj general p blem in fal ons. Thrnmboc)'t of blrc], are 
nll lelted and IgJlifi andy larger rhan m.mm.li.n plateletS. 

onnal thrnmbocyt~ m3Y be 0\ I, ro ll nd or pll1dle~hJped 
wnh clear Or pale blUl h cytoplasm. he nu Ie r chrom'tln I 
dense ,nd lumped. I'rodll "d from 1I10n0l1l1 lear pre ursors 
III the bOlle m.rrow. thromboc ·tel are haemostaoc blood d
cmenrs which IIUY also have a ph~gOC)'tic function , hrom
bo ytO I Ctl 11\ r .poll e to h3el1lorrh3g~ or bdcterial in
fection whereJ' throlllbocyt penia " oftcn as Cia ted with 
,evere epoc.enll'l and toxaemia<. The normal thrombocyte 
count for f,lcom i 20.11f~ 3U,I)Cl()/ ,,1 blood. PICtll reS shown 
on the following page'! explain the difference between 
thrombocyte . lymphocytes and dismptcd cf),throcyte nu
cleI. 

osinophil, and ba phil are quite rare in lviall ,and are not 
to detect. Pi rum show the dimnct 11I0rpholob,), of both 

type, of cells. olllcrim", it can allo be dilliculr to di till!,'lIi h 
between cO inophfu and heterophils. ,,,pcrially wbeu het
erophil> exhibit t '1 gr:llluLltlon, Ilo\\' 'wr, '" heJlth bird 
tlle heterophill' gnllu l~ are brick-red Jnd cigar-shJped, 
wher" .. 11\ ""'111 phil they.re purple JIl I round. Lillie is 



known about the function of eo illophils and b. phil. Even 
in falcons \\~th heavy parasitic burden, we have failed to ob
serve eo inophilias. 

Avian basophils arc mailer dtan heterophils and eosinophiis 
and usuaUy display round dark granules in their cytoplasm. 
Heterophils and eosinophil have a lobed.u ually bi-Iobed nu
cleus. where basophil, have a single round. cenrl'3lly located 
nucleus. he nucleus is often hidden by the cytopla mic gran
ules. 

Lymphopoiesis takes place in the bursa of abricius in birds 
and 1>,ttpi1oc)'tCS are involved in iltununologic I rea tiOIl5. 
An increase in lymphocytes occurs in viral infection and 
Iymphoprolifcrative disorders. Lymphoc)'tl'S arc di,~ded in to 
_ fun tional groups: T-Iymphocytes will h an;, responsible for 
cell-mediated immunity and B-Iymphocyte< which produ e 
immunoglobulins. Lymphocyte< can also be cla.«ified into 
3 groups >ccording to cdl size ( mall.l1lcdium and large) . Mo t 
normal Iymphocytcs in the periphel'3l blood are 5111.11 and 

The d,ff.,ent anaenoas In birds 21 

medium. with a round and centrally located nucleus. The 
amount of cytoplasm varies &om a narrow band ,urrounding 
the nucleus in maU lymphOC).tes to a wider band in m<-dium 
and 13t'b>e lymphocytes. The cytopl m I homogen uS and ba
sophilic. 

Mono les are the largest circulating blood ell .They pos 
a kidney bean- haped large nucleu and abundant blu;' h cy
topla m. heir mam funCtion is phagoC)'to is of ",,"ading 
mi roorganisl1ls, ell debr; and ne roric cell<. Mono to'; 
Illay occur with bacterial. viral. fungal and proto~oal di ea c. 
Lev..! above 7 % suggest chronic infection in hunting fJI 
COltS' hich warrants a contpl~tc check-up. Howewr. higher 
levels have been observed in clinically normal wild falcon 
(Table 2.11). 

Most of Ihe following haenutology and me of the hi<rology 
figure< ha,.., been highlighted by red or blue <quare< in order 
to focm the readers' anention. 

The different anaemias in birds ==================== 

Haemorrhagic anaemia 

IlIood 10 s through traUltta, blood-su king i1l>ects. COagu
lopa thies. gastroim tin. I parasite<. ulcers. rupture of incernal 
organs. viral diseases 
• regenerati"e r ponse is common with polychronta ia, 

m3Ctocyto is and anisoc)'rQ i 

Haemolytic anaemia 

Increased demuction of red blood cells through blood para
si tes like Plasmodium, A~l[)'ptiall,lIa . LtucO<)'to;:o'J/J .nd Hallesi. 
and salmonellosi,. encerolOxaemias like clomidiosi,. lead tOx-
• • 
lCOSlS 

• • • regene1'3t1ve response I 

Table 2 .. 12: Assessment of HO and TP 

low HO 

Normal HO 

Elevated HO 

Elevat~ TP 

Depressloo a-.a 
nOM egener.llive 

Anaemia and dehydration 

Dehydtation 

Depression anaemia 

Decreased erythropoi i caused by inOJlttlllat ry di <'ases like 
:I! pergillosi • tubercu lo,i • chlJl1lydophilo<i • and lead imoxica
tion.liwr di'IC;lSes. ncopl;lSi •• chemicals 
• n n-regenerarive response with normo losi and oor

mochmmasia 

and (ocal protein P) values are useful indica-
tors for dercnnining tile underlying c.use of an anaelltld 

able 2.12). 

NonnalTP 

~k anaemia, 
regeneralNe 

-
PoI)'CYtNelllla 

LowTP 

~I( anaemoa. blood Ios~ 
haemotfhage. regenerative 

H)'IlOproleIOaemia 

Hypoproteinaemla 

c 

2 

, 
• 
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22 HaemalOiogy and blood OIOCllemrsuy 

Avian erythrocytes function similarly 10 mammalian eryduo-
)'tes. Corrunon aflef.,cmal abnormalities in erythrocyte mor

phology in lude cytoplasmic refractile vacuoles. smudge cell 
nuclei. and "arious morphologic induced by stretching cells 
while preparing the smear. 

Microh.,t'mOltocrit centrifugation i used to d(termine rhe 
packoo cell volume ) V).This method i commonly used 10 

estimate the red ell nt s. The luclIlatocrit (H i c. J ',,131-
ed from measured mean cellular volume and R.B when de
rived by . Ulomated cell coullte.,.. Theoretically. the mlcuiatcd 
HCT i more aCCllldte than rhe P V. bUI there are no con
trOlled Illdie to confirm th is in avi.ll species. 

H T values less than (U5IJ I are all indication of anaemia and 
H T greater than 0.55 II I indicate dehydration or crythrocy-

!O is (polycyrh.emi,\). Erythro ytosi can b" dtfT"rcnri.lIcd b)' 
[ollli protein (TP): elevated TP indica reS (l~ h) dwioll. while 
norm.,1 or low TP le\<els suppor' <f)·t1lro<yt",,,. Ne\ (,lcoll' 
which h,,'e not been u cd for falconry have high HeT levels 
with values around O.5lHJ.55 Il l, which dmp dunn~ training. 
M~Jly falcollS which moult in the UA.E. \uu"r trol11 311aernia, 
which resolves with tmining. This may , .• k. "lOre than a 
IllOndl. ick f.lkon wilh 10\ HCT 0 !). 2~-(J.35 II I require 
r "[ and upportive (b~rnpy" nd H \",111~ Ill" 11.211-< 1.1 5 III 
require blood tmll,fll,ions. 

CVRL does not measure h, ellloglobin 1II.lepcnlit'ndy. be
cause there is no reliable haemoglobinom.,er tor .viallS ,vail
,ble. Therefore, ,,:dues are direcdy linked to H 'l H D values 
bdow 13.0 g/ dl require therapy. 

Pictures of normal haematology of different falcon species 

E 
:i , ) 

• 

Figur@ 2.9: Nann,' red blood cells 01 , Saker f,koo (F.1aJ cMrrug). Avian "'Y' 
throcytt'S are larger !han Ihas<' 01 most mammal" Thei' ,;ze Is dlfealy ,","ted to 
body Silf (MeV 139.85 ± 6.33 II). 

• 
-

.... .... 

Figure 2.10: N.ormal blood picture of • dlnitally norm,1 !'prelll"'! falcoo (FalaJ 
pereg""fIS'/ with two immature basophlilc e1'j1J1rocytt'S. 

Copyrigh ed 'llatC'nal 



P!ctures of normal hat",a oIogy of d flef..,t fal{on spooes 23 

-- -
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, 
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-.. - -
Figure 2.11 : Several basophilIC efyWoblasts; a sign of aClrve etythropolesis. Figure l .12: Se\-eralllMlatUfe eryulIO<yIts 0 alanoer falcon (F4ico brarmKUS) 
When cells mature. the amount of cytoplasm lflCfeases and tht size 01 tht 
nudeus decreases. Two sprndle--silaped cells are also present (highl,gllted). Blood 
SlI\far of a ~ker falcon. 

Figure 2.13: Three po/ychfomauc etythroblam and two tlvombO<yles in a blood 
_ar of a Pe<egrine falcon (higllllg ted) (Fa/(o p«egnnuiJ. 

-, 

-

Figur. 2.14: Actrve efyWopolesis with several ""mature efyWO<yIes and one 
erythroblast (hrghllg ted). Regenerau'll! anaemra IS often found rn young falcons 
and usually r~s Wllhoull1talmen1. 
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Agur. 2.15: PolychromaSIa: Ten basophRic erythroblaslS are VISIble In the blood 
smear 01 a GI' rakon 
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Figure 2.16: Two normal he erophlls and one normal m 
r.kon. The cytOpla5mK granules 01 het .. optols ",e , 
the most convoon ItukDcytes seen m avian blood smears. 

IP of a Pl!regnne 
These cell. ate 

Figur. 2.17: Two normal iltteroph'Is '" h d,,,,nct 9'anuifs.nd tl\lO thrOOlbo· Figur. 2.18: Two heterophils ola Sake< laken. The 'U( bor ~ bi-Iobed. 
~, 0 a elm ",rmal GI' • PI! <9"no hyb< d One thtombocyte (h.ghll9hted In blue) and one IjTI1Ilhocyt. ar •• Isc v~lblo. 
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figure 2.19: One hetl!foph~ with a b,·lobed nucleus and one monocyte (high· 
lighted) 01 a Grr falcoo. 
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Pictures of normal haema oIogy of d ffl!fent falcon 5pl!<ies 25 

Figure 2.20: One nO<ma1 thrombocyte of a I\!legnne falcon. In mans thrombo· 
cytes .re IUflounded by a pale bluish cytoplasm and possess VI!<'f condensed 
nudet. 

figure 2.21 a: lhl .. mega thrombocytes 01 a dlnrcaity normal Gyr falcon (Falco Figure 2.21 b: lhl .. agglegations of thrombocytes. 
fUSllcolll5) . 
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26 H~malolO9Y a1Id blood biochemistry 

, 

Fi!IUre 2.l2: Two mega thromboq1~ ont heteroph, and one reaCb,e Iympho· 
')'te (h<ghroghled) of a Gyr hybIld. 

Figure 2.24: One normal monocyr. ot a Sakollakon (Falco cMtrugl 

Figure 2.23: One no'l1'.a1 monotyt. (h'9hloghled in red). on. rmall""p/Iotyto 
(h>ghl'ghted In blue) and three normal till "",bocytes of ad nltally normal Gyr hy
b"d In a~at1 spOOe~ Ihe monotyle IS thara eozed by lIS I. SIZe The nucleus 
.. tommOlllv .0. 01 lIdoey bo~" sh<Iped 

flgu,. 2.25: T..-o n .. mal monocyros and \hiee normalthlOmbocytes 01 " ~Ie-
9 me a ICOn (fa/co IX"tgnnU5l. Monocytes do 001 POlsesS gran e5 

Copynah ed lla T 
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Figure l .26: A ' squeezed_ monocyte 0/ a Gy< hybnd. 

-

I 

, 
Flgur. 2.28: A OOImally<nphocyto of a Pe<ogllno fakon (Falco ptftgllnu$j. 

PKlures of normal haematology of d,ffe<ent falcon speoes 27 

- ,J, -

• 
Figur. 2.27: One normal ttmPhocyte (hlghl'9h ed In rod).1WO thrombocytes and 
a disrupted heteroph,l (hlg Ig ted In blue) ola Gyr lalcon. lymphocytes," blood 
smear preparatIOns from birds are lrequently found posi lloned berween IWO e<y' 
Ihlocytos, 

-

-
Flgur. 2.29: Two ly<nphocyt6 (highlighted) (squeezed be",~on e<ythrocyt61. 
one heterophil and rive. thrombocyte< 01 a dlnkany nor"",' Gy< hybrid. 
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28 Haemalology and blood b<ochemlsl'Y -

Figure 2.30: One IDTff-lobed heterophil (hlghl'9h1fdl. 1)(1' monocyte and on. Figure 2.31 : A medium wed f1'ohOC)'te and lour mambO<)'!. oj a Gtr hybnd 
'Ymphoc;tp of oJ dlOl(ally roormal Gyr hybrid 

Figure l .32 a; two norma TllIlhocytes of a cl niall, normal G'I' ",,·bnd. 

-

• - , 
{~ 

Figure 2.32 b: A IYTllIlhOcyt. pOSItioned adliIC¥nllo OO!' (hlql1lo9hledJ of thelVlO 
lhrornboc;[e~ 01 a olnlully roorm.1 GYI j,ybnd 
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Figure 2.33: ~ med urn SIZed lymphocytes 01 • dirucally ,..,rmal Saker I.kon 
(F~lco chefTIJfjJ. 

--

P>c:1Uros 01 ,..,flnal hat" lalOkxJ/ 01 cLff .. om laken!pOd.. 29 

-
figure 2.34: Foor heleroph~ one small lymphocyte (htgh/ig led in red). one 
medlUm-siled lymphocyte (htgNlghled on blue) and six thrOlllbocytes of a Sale! 
,.kon; the thrombocyte !IeXttO the bar IS a thrombocyte. 

Figure 2.35: Most p<obabIy a lymphocyte (hIghlighted). two thromboyCl .. and a Figure 2.36: A basophil 01 a dmlGllly ,..,rmal Saker fakon (Fa/co che"ug) 
sidJHhaped erythrocyte 01 a dlniCAl1y normal Saker falcon. 
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30 H~!m.,ology ana blood blOChl'1!1tSlry 

-

Figure 2.17 a: A basophil Cli J cllnl<.1l1y no'm.J1 P"'<911n' falcon (Falco ptrt

gnnUSl 

Figure 2.38: An eos..,p I 01 a C;V' hjblld 

Figu,e 2.37 b: A IO,Qmboc)W 01. cl.lIcaly 'lOrmal P,''9',n@ Jlcon (Folko ptre 
!/IInU,1-

-

-
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Figule 239: Th pia.,.,. shaM many smud~ rei! nud., In a b oed 11m rum. 
dlnlQlly oo,mal Gyr 'olcoo. (OU111 .5 nD possible. The oce ntnce 0' 5mud~ tel 
_1., nd·. ~ thaI 1 • blood sample IS< Ih , old or ,he bloOd ce I, h,M been 
cJ,\rupl~ uung pI p.lrdlton of lhe ~e'ar, 
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Figure 2.40; One monocyte. O/\e thrombocy1e and seven smudge cell nude< of a 
Saker falcon. In thIS ~. the staining would roqui .. to be repeated or perlormed 
on a fresh sample. using flesh 51. n~ 

Figur. 2.42: AmorphOUS noclear material hom disrupted erythrocytes. D<srup
tion of a small number of erythfocytes commonly occurs when prepaMg blood 
films of .wians. MiSIdentifiCation should be avoidod Wlth thrombocytes and tym· 
phocyte~ Three Immature red ceUs and on. el)'!hroplaslIV are also seen. 

Plaures of normal haemag a different f.kon sproes 31 

Figure 2.41 : Poor 51aifllng qualify of a blood smear from a Saker falcon . The mor· 
phology 01 the cells IS not recognlUblt. Sta,n ng would ha .. to be repeated. 
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Figure 2.43: Poor P'''I'aratioo of a blood smear from a G" • I'tregnne hybrid. 
The morphology of most of the cells Is not recognizable. 
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32 H nat O'Jf and blood bled ry 

., 
-

, - -• 
Figur. 2.44: Stain p!l'<IplIBtes III a sta n@dfalcon blood Slnta< IndlC.iltJng the use 
of old SI.l<nlng soiIJtlOflS or preparatIOn made hom poWEr. whrch was not ade
quately frlt~ed, 

Abnormalities in falcon leukocytes 

The next <cerion, Jnd the follO\,;ng di ea, e chapters in Iude 
PICtlln-s of ''ari u leukocyte abnomlalitil'S whi h ma)' be 
Sl'~n 011 stJ IIl~d fa lcon blood smears, Descnptlons of rhe ~ 
challSl'S Jrc pre entcd h"rc, 

Toxic changes in heterophils 

TOXIC ,hlnl."" in heterophIl mJl' occur 111 viral. bacterial. fun
gal and l11elabohc ill orders and arc a oelatcd with Syst"l11lC 
Illne ,The), .1fe .J 0 obserwtlll1 II1tOXI atlOIlS and toxael11la,. 

ToxIC changes uc lI1dlcatcd by: 
• degranulation and l or "ana non In lize ,md hape of the 

g nuJe-
• cy topl."l11ic hasophilu 
• va uolio.ation 
• nuclear dcgeneranon 

These J1Jng~ Ill.,}' be reported on a S\'ak from + I toxi i[)' t 
+~ tOXlcit)', A +4 score would be associated with: , 

• marked degranulanoll. roulld granul WIth emral bodi 
• deep cy10plasmic balOphilia 
• cytoplasmIc ""cuolanon 
• karyorrh~X1S and l or kar)'ol I 

If less Ihan _5 % of heterophil U~ affected by toxic hanges. 
thi. would "'~(.'Sl.n earl). lage of the disorder. Falcolts sho\\'
illS +4 ore 111 most f Ihl' h(lcrophUs III the blood film of
telt h.,'e a grave progn si" 

• 
Figure 2.45: Pocf SI.l<nlng of a Saker talcon blood The te 
e .... nine elophlls, fM! Ihrombocyt.s and two monocyt.s 
and one lymphocyte (hrg/llig ted In blue) are vtSlbie. 

Abnormal lymphocytes 

• • 
tOO light. 110 ... . 

It I, In J!d) 

Lymph te abnonnallOcs are :lSM>CJ3ted WIth 1II11JmJ1 l.1ton: 
di cases when antigenic timulation I present. rh,,'e di . .., es 
tn lude .sperglJl . chlamyd phil IS. .Jmolll Ilu " weU 

viral disea~ like l)aramrxo,;ru5-1 1II!c,lIuII and her
pesVlrU infeenon. The Illain Iympho yte abno 1l1.1hlll·, seen 
are: 
• reacove I}'mphocytes: In re""ed eU Ize. J p b ophil! 

lopl. m and rcddi,h nu leu, . These ""'1 h, ... ,t<, pro
duce 1Il1lllunoglobuIII1 and Iymphokines 1II11I1un,' re
pome) 

• I ~llph 'tes with azu ph~i granules (Ill I' lit.,) in their 
cytopla m Indiclle imnutlln[), or wXlcity 

• lro1ph0C)1t'S wiili .. Uoped cytoplasmic btl CfI ' few of 
these ell 1113 ' be ,eell in blood SJ11c.rs of 11111 "II" Itor
mal 61 on • however if IIlCle.",d Ilumh" t< observed 
,vith mark"d lymphocytoSIS, thl could he ".Jellle for 
neoplasia 

Appearance of unusual cells 

cc""ion.1I unu u.1 ceU nuy appear in the penpherJI blood 
of f.ucom. They IIlclude pi nu cell .nd cells \\ ilh I.Igc round 

oplJsmi gr.mules which ~re colourless. I he hanges Jrt 
regarded arlef. IS ralher Ihlll abnormal , ell 
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Falcon leukogramme 

Blood paramCICI"$ Oblllincd from disC'.scd f.Jeon mu t differ 
gready from n rmal re eren c valu 111 order [0 be comid red 
ignific.tm. II would b. ide.llo receive repealed erial <:Imple 

frollllhe Ill.: fal on [0 evalu.le ch.ngrs in d,~ Icukognnune. 
ne should keep in mind 3 .handhng leukoCYloSI • 1113)" 

elevale leuk Ie level above 12,IlOO 10 13.lW)()/ f1l blood. In 
general, falcons do nOI respond 10 infecllou< diseases \\~th a 
high peripheral blood whHe ell oumlikc l1Ianllnah and oth
er avian specie. hey rarely e hibil3 I 131 while eU COUIlI of 
more th.n 15,000 10 17,I()O/ f1l blood. E""n 10 adv nced -
pcrgillo;is. chl311lydophllosI\ or amyloidosIS. cas,:, ca ll Slab,liz~ 
and m.y how reasonable blood PIC!U . 

Leucocytosis 

in rea!>C iu d,e COil cntratlon f hel
erophil and lymph res. Ir n be \I~ed b)' handUng, in
flammation. IOxiciuc>. neoplasm. kubeml'. He!erophlli' is 

Falcon leu IXJf"Il1me 33 

Ihe iJ1C1ColSe of hercropllil' c.uscd by ina.lumation in 3 -
cianotl ,,;th ClJlolII),d"pl,ila, Myrob.llIfflrrlll, A pcrJIillu . Toxic 
helerophili. oecu", wlIh '''''ere lenllC ,Un ,ueh as ,ep"
.emia, '~racmia. chbm d phtlosi ,Ill' Oll IIlfeClI lIS and e-

\'ere tis ue necroses. he degree ofhelerophill u \l311y 
indi are the Sf\'er;ty of the (.11 om' condition. 

Leukopenia 

euk penia i Ihe de re:L,e in the conecnrr:ttio n fh"leroph ils 
and lymphocytes. It; a ,alcd \\~lh either consumption 0 

the penphcrn.l I<uk 'tc or ticc!CJsed producti n. ewre 
ba (er;al infecti n like c1omid,,,,,~ or cert.lin "iral di",,,-<,,, 
like hcrpesviru llIay causc Icukopcn);!. 

Haematological pictures of abnormal leukocytes 

, 

, 
• 

Figure 2.46: A 10 holetoph~ and , meg" I ,ombexyte of a /'tregflnt falcoo 
(Falco P''"9"nufl. Mild degranularion and loss of lobu lion (10" sh.frl in tho 
nucleus (+ I). 

• 

, 
Figure 2.47: Se\'e,e 1011rc dlanges (+4) of I'M) ho'efopl\<ls of" Gil falcon (Falto 
fIJSlrco/ufl. The granules are ,ound and basoph,lic. 
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34 ..".loI09! and blood blQ(hemMry 
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, 
, • 

~ 

• , • 
figure 2.48: Two he[erophl~ with \eV!fe toxic cllanges ( ) of a Sake! falcon 
(Falco d!emJ</J. Loss of granulation. left shiftod (loss of lobulation) nudeus and 
large round nucleus sla nod dark purple In colour. 

, 
-, -

Figure 2.50: One het'fOph~ with cample e loss of granulation and left $hih (loss 
of lobulation) of a Gyr hybrid. 

, 
, 

• 

, 
, • 

Figure 2.49: One ~tefophtl .. 1th sew<e tOXIC dlanges 1+4)0 
(Falco pe!e<Jfi/lU$).loss oIgranula1ion. left shlhed (loss ol lobu 
large round nudeus st. nod darlc purple in (olour. 

, 

, 
, 

I 

, 
Figure 2.51 : A disruprod he eroph~ from a I'f<egtlne f Icon 
granules are c\early yjslble. 

I'f<egflne fak;on 
n) nuclwlOnd 

-
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Figure 2.52: A squeezed _mophll from a Gyr hybrid. The nucleus IS bi-lobed. Figure 2.53: A reactJ\'e lymphocyte from a Gyr hybrid. lilt ~lt 01 the ten IS olIso 
and nny bluish gfanules are vlStole In the cytoplasm. .naeased 

-
.' 

,~, 

- -
Figuro 2.54: A lymphocyte WIth scallopod cytoplasmic: borders iIIld fi .... normal Figure 2.55: Two lymphocytes . SGa loped cytoplasmic borders of a Sa~ fal· 
heterophQs of a Sater fakan. <DtI, one heterophll and two thrombocytts. 
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36 Haema£OlO9'! and blood oochemlSlI)' 
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Figure 2.56: A lymphocyte wilh i1ZurophilK granule> of • Saker falcon (Falco 
chemJifJ· 

figure 2.57: An eosinophil 01 a Sa e< falcon (Falco cherrug" note the granule 
are n~1 sla ned propedy. whkh gi\'J5 an I1IlpTe5Sion of "..,rous IIilMI .. within 
the Cytopl<l$lll. 
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Figure 2,58: Allhough the ~tJalleukoCyte pos!eSse5 round granule an Figure 2 .S~ Three hetelophll, WIIh to cha"9fl (+3) 01 a G\1 r 
eostnophll, n;s In 'ao a heterophil with loxlc 9ranulallon. ThIS blood OIm Is from 
a Gyr , Pe<egr;ne h)brid 

biochemistry 

Uiochcmica'i par.uncters were conducted in a HiCichi I) I l au
tomattc . nalyscr (Figure _,(0) using !aJcon plasma sa mple • 

For thi., purpo<e, EDTA falcon blood s.",ple were en
trifugcd following b"~I1lJtological analyses. J:lioclll'micJI 
3n:l!yles were thell performed on the pbsma. ))\Ie to the ' mall 
volul11t' o f blood rt'cl"i\'cd, • complt'tt' biochemical profile 
could flOt be obl~ined from every sample. 

Ulood biochemi.ltry ;., essential to e",!luole the !I,tet-· Ofjt'1O 

fu nction, debyd .. tion taw, body condition, pcrloTm,lJlce .mu 
inHammar ry profile. Blood bio hemica.l .lIlJJ\'" , 1\ an Inlf\("

GUll supplemenr { hi,toryand clinical t'X.lIlllll,I\l,ln III del~r
mining tht' he.lth ' [<IWS of ' flimal . onnal cnZHnc rJJlgC' In 

avian lY.llienfS rend ro run higber than in nUI1I1I1.II~ ,lIId rt'l're
sent the nornlaJ turnover of tissue. Avian ritz 'I1lt J(tl'~I t:U.· 

hav be~ 1l ttl died in selected pecics. Hm,,·wr. \cc\' bilk· I 

l(!Iown about the unclion of each parameter in laknm ()wr
iJlte1"Pfetarion of Ininor devia tio n~ (mill re ten' 11 CL' r.mge 



hould be a\'Oid~d.Tltis is p3rti ulu ly tnlC f r nlU Ie ~od liv
er-derived enzym .Table 2.13 sho\\ th e blood chemistry pa
rameters measured in fulcoru. Importam conclusion of avian 
tissue enzyme rudies iJ1c1 ude the (ollowing: 

( 0 

ALT (GPl) 
LDH 

G 

presem in all muscle typ and liwr n ue 
plentiful 111 skeleton mllscle and also present 111 

cardiac and mooth muscles. absent in li\'Cr 
present 111 a number of U lie'> 

present in a number 0 n lie< 

• wvity is 10\ in the avian I" 'cr 

Figure 2.60: Blood boochemlS1Jy autorna ell analyser. 

Table 2.13: Blood cnemlstry parameters meawred In lalcons with explanation 01 their abbreviations and their 51 Units 

Abbreviations Parameurs 

CI( 

LDH LaOilte dehydrogenase 

ALT (GPT) Ala .. ne a no ansferase 

AST(GOT) lupartate amrnotranslerase 

GGT y-g amyl transferase 

BUN Blood urN nmogen 

UA Unc acid 

SA B.I! acids 

TP TotJI pro etn 

ALB A1bumon 

GLOB Globulin 

IRON Iron 

CA Calcum 

PH05 Phosphorus 

Conventional Units 

lUlL 

lUlL 

lUlL 

lUlL 

lUll 

mg/dl 

mg/df 

-
gldf 

gldl 

gldl 

vgJdl 

mg/dl 

mgldl 

Multiplication lattors 

none 

none 

none 

none 

none 

xO.714 

159.4B 

-

110.0 

110.0 

.'0.0 

.0.179 

.0.25 

10.323 

Blood boochem,st"l 3 7 

51 Units 

UlL 

UIL 

UIL 

UIL 

UIL 

mmolJl 

~molll 

~molll 

gil 

gil 

gil 

~molll 

mmolll 

nWl1ol/1 

Copy 
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J8 Haematology and blood boodlemislry 

Table 2.14: Clinical blochemlslry assessmenl 

ParamftffS 

Creatine kinase 

Lactate deIlydrogenase 

Alanine aminotransferase 

Aspartate arrwnOllansfe<ase 

y·glutamyt uansf., ... 

Blood ulea ninagen 

Uric aCId 

Bile aCIds 

Abbreviations 

CK • 

LDH 

All (GPn 

ASl (GOT) 

GGT 

BUN 

UA 

SA 

Assessment 

A mulde speoflc enzyme wNch IS elevated WIth mulde dImage 
(stnaled and IIImIh mulde). excesSlYt exert/se. inJK!lDnl. 
SlJess and nutrruonal myopamoes on coonoctlO!\ with Se I 
Vit E dellClenoes. Plentilul on muscle and absent ill IIvt«. rked 
eieYatlons are speafIC for muscle damage. II has a sholl um I plasma 
half·bf lMls peak alter 6 to 12 hours and retum to lne 3 10 4 days 
late< TherefOle, paired samples should be taken. Raised !eYels may 
result in a cOflesponOlIl9 rlSl of ASl. lDH and AU values. CK IS elevated 
in haemoIysod samples. 

IS nOl speOrlC or sen~lJVe for live! dal1\illlf. Elevated va IndicAte either 
hepatoce!lula< disease or mulde cIamagt. LDH In iMans a 
shorter half·life than C and has no diagnostic advant to ASl. A 
disadvantage ~ the wide referente range (see Standard ~ion "'lues). 
Haemolysis can ma<kedly elevate LDH. LDH lsoenl)''''' "1IY be helpful in 
dete<"ooing the SOUrce 01 elevated lDH actIVity. 

Pr ... nt in a numbel 01 US5lJes and therelore. not very organ spKiflC. 
Elevated WIth st.I.lal and myocardia! diseases as well as tapathy I 
hepatitIS. hepatic noO.lSlS and tOXIC h ... , damagt. All IS e tvated ., 
haemoiysed samples. 

Prese<lt in an mulde typeS. bram, kimey and iryt!I tissues. Elevated with 
!leletal mulde damago as well as acut. hepatopathy like 'Ial hepatitis. 

values ale ur<pioous 01 hver disease. when CK IS IIOImal lllY.ls 
peak alte< 24 to 48 houls alt., a myopalhlC episocIe and Iy letool to 
basellIM' alter 10 to 14 days. SerialASl should be cooducted to p'OYide a 
useful guid! to If<OVe<y Irom myopathy. AST Is elllYated I ed 
samples. 

SIlows hogh specifity to <Man live! ussue. but Its stnSltM1y low. thIS 

enzyme IS conuo'el~11y drscussed In falcons. Wt IIMld an lnoease v.4>efl 
hver dal1\illlf or doslndi.1 ente<otolt.atl"", OCCUlTed It Is leased when 
Othot 1"" ,SpeoflC enzymes are also el ... ted. 

Urea IS f .. " .. d in the !Ner as a ",odoo of ",otem catabolls!n. Increarse may 
be caused by P'Henal insufficiency due to haemorlhago. iog. 
drarmc..a. reduced wate< mtake or due to post renal alter 
excesiM ",oteln Intake. 

UA is the """'" end produa of nitrogen metabolism, and only 
.t.vated K more than 70 % of renal func hOO is impawed. HJPeruricaernla 
occurs with high p!Oteln die~ SlM'atlO!\, SMre tls~ .. r,eaosi~ 1ead 
intoxication. "rrnary obstructlOfl, nephmis. nephtocalcinoSlS and 
A hypovitaminosis. If UA cannot be dISsolved on plasma or serum. gout 
may develop. 

VOf'j speofIc and sensrtM! for the diagnosiS 01 hepatic d~ BA 
offers an indnuon 01 hepatic function. ThIS paramete< IS thoreforo 01 
grtat .. value than AIr and ASl. BA aro p'odU<ed in the r""" ",(rtted In 
the bllt. r •• boo:b,d by the InlestJnes onto the portal,.CU/ · and 
removed Ir .. " the blood by h.patocy1es (entero-hepatic drarlation). 
A 24 h fast Is recommended for BA teltlng bf<ause of the dlgestNe 
ph~ of bi«h.inCreases 01 SA are suggestive ol: abnoIliral hepatic 
uPta bole acid Slorage. or hepatic penus.on. BA cannot be 
meosured using the automated chemistry analyse!, but on spectra
photomete< wim a filte< 01530 mm (e.g. Uiuospec 3000, Ploannaoa 
Biotecto, Uppsala. Sweden). 

GooyrIQ tea 'T a la, 



Table 2.14: Ciinial biocMmistry assessment (con nued) 

Parilmete" Abbreviation. 

Total protein TP 

Albumin AlB 

Globuhn GLOB 

Iron IRON 

Caklum CA 

Phosphorus PHOS 

Table 2.15: Slgnlflance 01 enzyme elevations 

CK 

LDH 

All (GPT) 

AST (GOT) 

GGT 

Recent muscl. damage. sample haemoIysis 

Recent 1iVl'f 01 muscle damage. sample haemoIysIs 

Infrequent VVlth hepatoCellular damage. sample haemottsls 

lritr or muscle damagt. sample haemoly!lS 

LNer damage. sample haemolysis 

Blood boochemlSII'/ 39 

Assessment 

Elevations ale aSSOCJated and cIlronic IntlammallO/\. 
Oeata-JeS are a\loctated wilh blood Ios~ emaoation. maldrgestlOn. 
tnteropamy. hepatopalhy and ~m.a~ 

All elevation IS seen WIth haemoconcentratoOn and dehyd!atlOO. a deerease 
is obse<ved WIth protetn·Ioos'ng entl'fDpa • e.g. salmonellosIS. patasitOSl\ 
cllronK malabsorption. A decrease IS also seen WIth "'It! diseaSfS, be<lIuse 
the liver is the sole site 0 albul1Un symhesls. 

Elevations are assoaated Wlm '" KIIOUS dlSfases, dehydranon and 
Illiammauon; deereast'S are associated wt1h prolem Joo5Ing en .rapathy 
(in conlUnction WIth hypoaIbum'naemta). fa~ure of paSSM IIMlOOlty lrans er 
and gfllfllc dl\Older~ 

Iron is deaeased .. ,m mine, allmbalances and malabsorpoon syndrome. 
Icrocyti(. hypochromic anaemia and rellculocytosls may dMlop. 

Control of CA metabohslll IS medialed by parathormone (I'TH). calolOnin and 
Vllamln OJ. CA IS Important fOt bone metaboll1ll1. neural and musdt cells and 
lor the ~ent of egg she •. Approx,mately, one-mird 10 one·haff of 
plasma CA IS bound 10 albumin. lhe!efOfe. the plasma Ca concel1tratlon IS 

a ecled by the plasma album,n coneen llon. lIypocakaem,a may ,nduce 
cramps. \e,lUIe and convulsion~ and it occurs Wllh: hypoalbummaemia. 
ct.ewy CA and V1lamin OJ deflCrCncy, exceuive d tary phosphorus. 
Hypetcaicaenlla may be aSSDCrated With bone tumors, ViI. OJ·hypl'f· 
vitamlnosis and ~rathyroidism 

PHOS I. pnmarily regulated VIa r!'flal exaebOn StImulated by PIH. 
Hype!phosp/lotae,,,,a: sevfl. renal disease (reduced glomerular filtrat,on), 
h)'Pl'MtalNr><M O~ elOCts~ dttatary phospho<us. Hypophosphota £, ilia: 
hypovitaminoSIS O. maIabsorpItOn. SIaNa1JOl\ Iong·te"" _terOid the<apy 
and maIabsorpoon Ilfldrome. 

Table 2.16: Clinical interpretation 01 lalcon enzyme profile 
combinations 

NormaICK.LDH,AST No Uver or musdt damage 

Elevated C LDH, AST .Ietal or ca d,at musdt damage 

Normal CK; Elevated LDH and AS T MOSt probably hepatocellulal damage 

Normal AS!; Eleva ed lOH and C eletal Of C3id'at musdt damage 

NormalLDH and C ; Elevated AST Most probably hepatIC damage 

Normal CK and AST; Elevated lOH Sample haemoIysis or process'ng enol 

COPY 



40 HaMdtology and blood biochemistry 

Table 2.17; Plasma chemistry values of dlnlcally normal falcons 

Parameters N Mean ± 50 

CK 519 640 ± 210 

2 LOH 2S3 1028 ± 38S 

ALT 353 6~.8 ± 28.9 

A5T 353 93 .1 ± 44.6 

GGT 247 14.0 ± 6.3 

BUN 159 6.6 ± 2.5 

UA ]28 8.2 ± 4.5 

BA 631 21.3 4.7 

TP 405 2.84 ± 0.65 

ALB 405 1.04 0.19 

GLOB 405 1.80 ± 0,46 

IRON m 33.8 20.8 

CA 134 9.7 ± U 

PHOS 181 2.3.: 09 

Conventional 
Units 

Ull 

U/l 

U/l 

U/l 

Ull 

mgldl 

II19"dl 

gldl 

gldl 

gldl 

mgldl 

mgldl 

mgldl 

Meon ± SO 

64O±210 

1028 ± 385 

64.8 ± 28.9 

93 I ± 44.6 

14.0 ± 6.3 

4.7 ± 1.8 

487 ± 267 

12.3 ±4.7 

28.4 ±6.S 

10.4 ± 1.9 

18.0:1: 4.6 

6.1 ± 3.7 

2.4 ± 0.3 

0.7 OJ 

Copyr 

SI 
Units 

Ull 

Ull 

Ull 

Ull 

Ull 

mmoIil 

iJIIlOIil 

gil 

gil 

gil 

mmoli1 

mmoli1 
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Table 2.18: Plasma chemistry reference values ols.le<ted .pedes of raptors Irom the literature 

Assay laMer f.lcon ' Gyr falcon' Peregrine '.kon •.• Saker fal<on U Merlin ' Gyr Falco'" 

FalaJ Fako Falco fiIlco FaIa> FalaJ 
1Ji8lmirus flJ5ticoirr.; peregrirlus chellllg coIumbdrius fIJ5~coIlJS 

N=26 N=12 N=55. 14 N=38 N=39 N=53 

2 Total protein (gn}' 33-42 28-9 25 ~O 27-36 27.5--39 25,0 (8.n 

Albumin (gil) 9.6-16 7.3 8.3-12.5 9- 12.3 8.6-16.1 11.8 (1.7) 

Globulin (gil) 21.2-28.8 - 16-28 18-28 17.2-25 -

A;G ratio 0.44-{).57 0.4-{).55 0.45-{).51 0.41-{).S8 -

Ur.a (mmolll) 1.3- 2.7 - 0,9-2.8 0.5-2.6 - 3.6 (2.2) 

Crea 'nine (~molll) 37- 75 - 41--91 23-75 16-50 38 (14) 

Uric ~cid (jlmoVI) 318-709 82856 326-675 320-785 174-800 370 (1 70) 

Bil. adds (pmoIIl) - - - -

ALT (SGPT) (uII) - - 15-,1 36->5 - 13502,) 

ALP (ull) 180- 510 257 97- 350 285-450 54- 310 -

GGT (ull) - - 0.8-5.9 - -

AST (>GOT) (uII) 3D-118 97 50-105 45-95 50-125 149 (1 10) 

CK (uII) 3~5O 357-$50 lSH>51 521-807 -

UOH (uII) 434-897 - 625-1210 ,51- 765 320-630 1917 (879) 

Gluws. (mmolJl) 11-15 11.65 11-16 12-14 9-12 2004 (1.7) 

Choleste,oI (mmolill 3-8.8 3.9-10.5 4.';-lj.6 3-7.8 5.44 (1.03) 

lno'g phosphate (mmoln) 0.611-2 - 0.77-2.1 0.72-2.16 0.95-1.79 -

Caklum (lMloVI) 2.07- 2.45 2.40 2.1-2.56 2.15-2.61 2-2.45 2.30 (0.27) 

Sodium (mmoll1) 152-164 160 153-164 154-161 155-170 154(12) 

Pclassium (mmolll) 1- 2.1 1.99 0.9-1 .7 0.8-23 1-1.8 3.1 (0.9) 

Chloride (mmolJl) - 125 117- 127 114-125 - 124 (8) 

Copynghted rratC'nal 



42 Haernatology and blood ~,"i$trt . 

Table 2.18: Plasma chemistry reference values of selected species of raptors from the literature (cootinued) 

Assay Lanner falcon I Gyr falcon' Peregrine fakon '·' Sak.er falcon 1.1 Merlin ' Gyr Falcon' 

1m fafro fm Falco fafro F.ko 
bia,mm rosrJcoJus pmgrittus cherrug columbarius ruSD'co/us 

2 
N=.6 N=14 N=55, 14 Na38 f'I=39 N=53 

" = 

Amyl.", (un) 86(116) - - - - -
Bilirubin (PmoVl) - - 78-15 8.55-2753 - 4.6 (1.7) 

8100d urea nluogen (rrtI11OUl) - 3.33 2.32 - - -

Phosphorus (mcydl) - 3.57 3.35 - - ,.52 (D.40 mmoln) 

Trlgiyttndes (mmoII1) - - - D.7~1.2S - I.D2 (D,27) 

, C""'01~ Tobie ... SI unils ... 1abIe 1.13 
I J~NINGS IV, Appofld. 8.1 Hoomalology II1d cI.nitM chom/!lry .. lues In 8<ynOll PII. _, NA. Hattoun,s,o""" NIl 1«1): Manual 01 '""tor~ pig,,,,,,, aM ... • British Small AIIImaI 

"'tf!illOfy A1Sod_ Choit",NII1. UI(. 1996. 7>-18 
, RS, ClUB8 ~ OOIUItmtN GM, K (edI): Appond. I,A"'. Ml!cIdne and 5orgory. ""' .. Ip/lla:WB Sound ... , .997 
• 5AMOUR JII, O'AJ.OI4 M·" Ibn,aI ""'" dlemistJy of .. kf! lalccrt IFaico d .. ".g). A'Iian Palhol>gy 25. 175-.78, .996 
• LI£f\Z M: Plasma chomiS1Jy ",.,,"" values for ~Ic"", (Falco rus1i(cIu,~ Tho Vol RK. 153, 182-183. 2003 
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Chapter 3 

Viral Diseases 

Paramyxovirus-' infection 

Falcon Herpesvirus infection 

Falconpox 

Influenza 

Par.unyxovlru -I iJlfectlon. Po.x. herpdvlru and lIlJlucnza aT'
Lhe m t impomnr viral d' e in f: Ions. For lhe f.lcilitacion 
of the reader, the column of the reference values has also been 
in luded into aU foUo\ Ing tables of dhcased falcons. In these 
cables ignificanc cit nges in hacmatology and bioc ltemL~(ry 
values are indicated by arrows. Haematologwcal resules show a 
decre' e in nearly all values. except for Iympltocyt \ hi hare 
elevated. and Ml increa e in enzym and mineral . Ho, ver. 
C\'en in herpe irus infection. wlti It is che 111 t d lacing 
ralcon viral infection, ~ 13 does not drop very low. but fal-

43 

con with values bdow 5.0 x 10"/1 ha~ a b'T.I\'t: prognosIS. 
vcry ignifi ant ri e is bserved ill A T. LT and BA. sq>3-
rate hacmatolOb'Y and biochemistry Table able 3.3) has been 
produ cd for 7 herpesvirus II1fe lcd fa l ons. beC.1U 11I3n \ l
ues are ellen morc altered in comparison to lhe other VIral in
fections. Due to the severe de truction 0 lhe h~r parenchy
ma. bl d valu for BA from the herpesviru inC. ted falcollS 
regularly ex eed 200 1'1110111. Toul protein Il) 1 310;0 elevat
ed in viral in eCD lIS most probably due to ti ue danuge. and 
the increa5<' in globulin concemration. 

Haematological pictures of falcons with viral infections 

-

- -

Figur. 3.1: One toxic heterophil (+1). Dar!: blue 'POts (cennal body) are visible 
In the to . granuJa. This Gyr fakon had a herpesmus infectIOn 

-

,1 
Figure 3.2: Two tOOe hetefll\lhils (+ 1) and one 1lIOI1OC)'te. This Gyr falcon suf· 
fered from Indusion body hepauu> caused by herpes""us InfectIOn. 

COPY' 'T 
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Figure 3.3: A toxic heterophd (+3) from a Gyr falcon WIth hefpesW\lS Inferuon 
(RSe 248. 10"n. wac 4.8. 100n, 32 % heterophil~ 58 % Iymphocyt~ 10" 
monocytes) 

Figure 3.5: A Sa r falcon WIth PMV· l, which had tkl'tloped CNS Signs. This pre. 
lure shows erght small lymphocytes (lymphocytosis), a monocyte and two throm· 
bocytes. 

Figure 3.4; l~ rn a Sake< fakon (FaIa> chemirjJ, 
Infeaion. lymphocytosrs dewlaps wi a viral rn eruon In 
phocytes are'llSlble. This Sa falcon showed a wac 634 x 10 
phocyt~ 30 " heterophas and 6 % monocytes. 

drdTnyl 1 

."loure four tym. 
WI 64" tym. 

Figure 3.6: roor nannal monocytes and three normal ' orr • Thos ~re-
gMe falcon suffered 'rom In uenzavrrus infeaion ("' 1 y!~ 1Mls 
above 7 % IUggesl chrOniC rn eaJOn and requrrt a complete ( I u 

Copy 



Haemalological piaures 01 lalrons wllh YUallnloaiom 4,5 

, Table 3.1: Haemalology and biochemistry values of falcons suffering 
from viral diseases 

-

RBC 

HB 

HCT 

• MCV 

, • MCH 

I ~ • wac 

Figure 3.7: A latge ructM Iympho<yle: The nucleus 1\ 'OlIn<!. cenlrally localed HETERO 
and da purple In coIoot. The cytoplasm Is deep/t basophilic. This Gyr lalcon 
(Falm rusricolus) suffered from vir. 1 iKluslon body hepa Ii,. lYMPHO 

Figure 3.1: lymphocyt_ in • Gyr I.ken with falcoopox infenlon.1n chromc POk 
cases, the lymphocyte (DIIlI may 6ceed 60 '!II. 

MONO 

E05 

8"SO 

CK 

LDH 

AIJ 

AST 

GGT 

BUN 

UA 

BA 

TP 

ALB 

GLOB 

IRON 

CA 

PHOS 

SI Units N 

xl O" n 

gldl 35 

III 35 

II 35 

P9 35 

xl 0' 11 35 

35 

35 

3S 

3S 

35 

Ull 31 

U/l 31 

U/l 31 

U/l 31 

U/l 31 

mmoUI 20 

~moUI 20 

"moUI 25 

20 

20 

20 

"moUI 20 

mmoUI 20 

mmoll1 20 

Mean:t 50 
Diseased Reference 
Falcons Valu"s 

Y 2.14 :to 0.42 3.21 ± 030 

Y 13.ll '" 2.13 14.95 % I 39 

YO.40 07 0.45 004 

140.14 :to 736 139 85 6.l3 

46.94 % 2 67 46.42 % 2.55 

Y 7.04 :to 3.64 9.64 :to 3 96 

. 47.20 14.19 59.80:to 12.87 

• 41.07 :to 11 6B 3484:1: 1218 

4.43 2.74 4.46 ± 2.77 

000 0.43 

000 0.16 

. 15B 207 640 ± 210 

969 ± 281 102h 385 

. 97.7 228 64 8 28.9 

• 193.5 ± 80 1 93.1 44 6 

11.4±5.2 14 ,0", 6.3 

4.7 1.8 

. 656 ± 280 487 ± 267 

• 176.5 % 71 4 22.3 % 4.7 

. 37.8 7.1 28.4 6.5 

10.0 ± 1,6 10.4 1.9 

. 27.8 7.3 18.0 4.6 

• 14.7 ± 4.8 6Ld7 

2.3 ± 0.6 24 ",OJ 

. 1.2 ±0.1 O,h 0.3 

Copy 
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Paramyxovirus-1 infection 

T.bl@ 3.2: The nln@ d."Uied ~erotyp.s of avl.n par.myxovirus .. 
. 

PM\I· I Newcastle disease wus 

PMV·2 en .enlCa fDrn a'lucalpalS6 

PMV· 3 Tur\:eylWtscDnSlnl68 

PMV-4 ng Kong/03I7S 

3 PMV·S Budgerlgarl JapaniKurmchil7S 

PMV~ DockJlIong Kong1199n7 

PMV·7 DoveiTennesseeJ4nS 

PMV·9 DuckiNew YOI nne 

Figure 3.1 0: Sak~ fak~n •• th tonICa is. 

Figure 3.9: It· ... Sal r falcoru (Fdito Cherrug! wff.n"!l from !'f.1V 1 ",tl'tlJOn 
The Pli'doml t ''9n, are Ilt.'M>IIS 'yslem abnormal II., .. Ih 111 ...... noad tlG, 

tremors. 'h,ng and leg paral)'Sd. and t!Mll(l)1I,~ So fa, on y PMV 1 hal ~n ISOldl 
@d fJOm akan'. 

Figure 3.11: Petech'al haemofTllages In me prOl'ntnculus 01. Gyr lakon Th s 
~ pathogn!MnOl c 101 [h~ gawo-Intf<.\,nal 'Olm of PMV I ,n'eCllOn 

Copynghted 'T' alai 



Figure 3.12:: Gillard of a Saker lakan. Petechial haemoohage, m the ,ubmu
~ (aused by PMV· I. 

Figure 3.14: Encephalitis 01 the brain stem 0 .I'oregrine alcon: Marked local 
gliosis with neuronal do-generalloo (shrunla!n. basophilic cells). No mel""on bod
Ies are visible. TIlls lesion Is not palhognomonic lor PMV· l. but olten ob5eMd in 
falcon PMV·1. HE slain. 

PararnyX<l'olirm-1 infoolon 47 

Figure 3.ll: l1>e eIlleric fo.-", of PMV-I Infe(\lon: Haef1lOrrl\ag1c enl«ili~ aus· 
iflg bloody dlan-hoea in a Gyr lakon. This lorm of PMV· ' mf1!C1ion is rar. In fal· 
cons aoo IIliI)' be confu,ed with salf1lOnellosi, 0.- clostridial enlerololl.aefl1ia • 

... 

Figure 3.15: EnClpllalilis of the brain slem of • G'I' hybrid: Focal non-suppura
u.. Infl;m1malion with early slage demyelin'5ation. In most (<lIeS ·only mild en· 
cephalitis is obseMd. HE slain. 

3 
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48 Viral DI~aSfS 

Figure 3.16: Chicken wtth Newtastle Disease (ND): i'elecblal haemorrhages 
within the glzurd Falcons contra« their PMV I InfecriOl1s throtK)h Ingesting In· 
fooed avians like chicke<l$, quails and Plg_~ 

Figure 3.18: ND In a domestic pog_ (CtJIumb.lI",,,,) Sh<rNlng lonlCOll~ 

figure 3.17: Houbar. 8u>wd (Ch/amydor!5 unduiala m.lCO~II) W.U1 PMV 1 
In OOIC)'lIilol', og UlI1JcoIJ,s, 

FIgure 3.19: NO In a Sl~ Curlew IBurhmus OI'd"nemus~ 

Copyng ted 'T a rial 



Figure 3.20: NO in one-day-old qu.~s (Corumix (!)fum/x). 

F1gu'@ 3.21 : Cytopathogenic effect (CPE) of the PMV·I virus on chlckrn embryo 

Falcon Kerpeswus ,nfec:uon 49 

Falcon Herpesvirus infection 

Table 3.3: H ... matology and biochemistry values of seven falcons 
suffering from herpesvirus infection 

Mean:t SO 
Para· 51 Units Disused Refer~« 

mftfB Falcons Values 

RBC .10"11 • 2.46 :I: 0.56 3.21 ± 0.30 

HB gfdl . 12.33 ± 310 14.950. 1 39 

HO III ,. 0.37 0.07 OAS :I: 0.04 

MCY fl .. 150.41 :I: 6.36 139.BS 6.33 

MCH pg .. 50.12 :t 2.78 46.42:1: 255 

WBC . 10' 11 ,. 6.34 :t 2.21 9.64:t ] .96 

HETERO ,. 4S.20 ± 153 I 5980:1: 12.87 

LYMPHO .. 51.32 :1: 10.41 ]4.84:t 12.88 

MONO 342 ± 2.01 4.46 ± 2.77 

EOS 0.00 0.4] 

BASO 0.00 0.16 

CK U/L .. B96 ±]11 640 ± 210 

LOH U/L 1110 410 1028 ]8S 

All U/L .. 212.8 :t3].2 64.8:t 28.9 

AST UlL .. 49S.7 ± 160.3 9].1 ± 44.6 

GGT Ull .. 116.2 :t 168 14 0 6.3 

BUN mmoUI .. 13.4 :I: 2.8 4.7 ± 1.8 

fibroblasts (CEF). 3 days .fte, inoculation. UA ~moUl '" 631 382 487 267 

BA ~molJ1 >200 22.3 4.7 

TP Rd ' 28A ± 6.5 

AlB nd 104 1.9 

GLOB gil nd 

IRON ~molll nd 6.1 ± 3.1 

CA mmolll 2.S ± 0.4 2.4 ± 0.] 

PHOS iiMh011l .. . . 6 2.1 0.7 ± 0.] 
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50 Vifa Olleales 

Table 3.4: Classification of the avian herpesviruses 

Serogroup 

I 

2 

3 

s 

7 

8 

9 

10 

11 

-

-
-

-

-

Mare 's disease of chimn 

Duck plague - vual enterills 

InlKllOus laty!l9ouacheltlS of chicken 

?acheco's disease of pSluaclnes 

Pacheco's disea$O of psiltaciJlf$ 

PadkCO's disease of psmacines 

Inclusion 0 body hepatitis of pigeons 

Inclusion 01 body hepatitIS of pigeons 

NOOI'l HV of cormoranl5 

Induslon body hepatitIS of cranes 

Inclusion body hepatius of i10rks 

locluslon body hepatrus of 'atcons 

Inclusion body hepatius of eagles 

Inclusion body hepatitis of owls 

Indusion body hepatius of quails 

Nark 1 MV of turkeys 

Nork 1 MV 0 penguins 

Figur@ 1.2.2: All fakon sp@CleSareaffenedby IIndusion body hepatills • but Gyr 
'alcons (f,,/;:o fU5lico/us) are extremely sensiUlre 10 the herpesvirus. The faleonid 
he~YIIU5 (FHV·I). In. owl be'pe5virus (Strlgid. I) and the pogeon hi:<. 
pesvirus (PHV·I) are $OrologICal1y and genetically related. 

Virus 

Gallid Ga HV·2 

AnatJd An HV-I 

Ga lid Ga HV·I 

Psiltae,d Ps HV-I 

?sittacid PI HV·2 

Psinacid Ps HV-3 

Columbid (0 HY-l 

Columbid Co HY·2 

Phatacrococacid Ph HV·I 

Gruid G, HV-I 

Ciconiid ( I HV· I 

Faleonid 

ACClllltnd 

Slligld 

Perdidd 

Meleagrid 

~ph.nlcid 

ra HV·I 

Ac HV-I 

51 HV·I 

Pe HV· I 

Me HV·I 

~HV-I 

Subfamily 

GammahoipoS'Ulrina. 

Alphahe,pesv,nnae 

n( 

nc 

nc 

nc 

nc 

nc 

nc 

nc 

ne 

ne 

ne 

nc 

GammahflJlfS\'lfInae 

n( 
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Figur. 3.ll: A Common Kestrel (FiJ/ro IlIIIIullOJllJS) WIth 
fHV·1 infeClfon. The falcon is extteme,1y weak and anOOKllc 
and exuetes 9r .... mut4!S due 10 lit<! destruction 0 Ih. INer 
parenchyma by die virus. The source of infoction is malllly 
pigeons whkh are led 10 hunling falcons. 

Figuro 3.25: Sew<e Inclusion body hepatltis in a GYI falcon. 

falcon Herpeswus Infection 51 

figure 3.24: Multiple miliar IlKfOSIs of die Irver in a Common Kestrel catJSed by 
FIN·I. The I, ..... and the spleen are the target o<gans.1he disease is fatal. 

Figure 3.26: Herpesvirusinteaion III a Saker falcon caused degeneration of heart 
muS(le 

3 
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Figure ] ,21; Md _'OSIS ,n spi ...... od II ...... 

Figure 3.29: HeflM!S'llrUS i1duSIDn body 10 i r .. ., Stel'Q" of a Falco MlJrollJ'i 
Hf'ta," 

Figure 3.28; Mi '3[ n.,,"'" n the h"", ot • GI' t.lcoo HE starn, 

• 

• 

figure 330: Cl'lnp .. h< ~ fO (CPEl on Pl'''''lII'I ch"ktn MI ilbroblam (CEF) 
three dar' afte, ",feet'Dn 1II'ln FHV-I An a erMJil oil falcon herpes ,'IUS vawne 
(DuFaHe) has been de..eJoped al Cenlrdl VElff.nary R.",a,c/l labor. Ot'j (CVRl) 
o Plote falcons 1"'111 ncl"'lOn body h.p"!!!!s 
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Figure 3.31 ; A moribund control (noo-vaccinaled and challenged) Gyr hyb<Jd 
(fOfeground) and one vao:inaled and challenged healthy 1.1(00 In 1he back 
during a (IlIIFaHe) vaccinatioo trial. The elfoey and sa el)' 0 DuFaHe "'" bren 
.... awaled in clifferent vacclnauon II 

Falconpox 

Table 3.S: Cla5sification of the Avipox viM" 

family 

Subfamily ChOldopoX'lirinae 

Genu, Awpox viM 

Species 
Canarypo~ "rus eNpv 

Fo'hipox ViM FWPV 

JuIlCOp<)' virus INPV 

Mynahpox ViM MYPV 

Pigeonp<)' virus PGPV 

Psiltacinepox viM PSPV 

Ouallpo.vI,us QUPV 

Sparrowpox virus SRPV 

Starlihgpox virus 5tPV 

Tu,keypox w'UI T PV 

Tentative .pede. in the genu. APV 
Crowpo~ .. rus {RPV 

Peacoci:pox ViM 

p""guil)pO. virus 

PKPV 

PEPV 

Falconpox ViM FAPV 

HO" .rapox virus HOPV 

Stone (urfewpox WIllS sepv 

• 

F~lconpox 53 

3 

• • 
" • • 

• 
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54 Viral Otsta.es 

3 

Figure 3.32: A [ypocal pox """n a(:,o,e lhr cere of a Peregrine falcon {F3/(q pert· Figure 3.33 a: Pol< lesions ~n a 5.Jl<er lakon: Under the ~ 
9finuV. The po .. irus il lI'r~ by bll,ng I!.t'([ ,I'( CIt Po •• n f cons in the UnIt· 
ed Arab Emirates Is 01 malO! cIonlc:ai ~qnll"ance, because in the majQrity of use~ 
se~e skin I sions ¥e obsel'led when f.lc"",, .. rum flom hunting expedioons to 
lile Middle Ealt coun\Jie~ 

figure 3.33 b; Pox les;ons In a Saler iakoo: On Ille eyelids. Figurel.33 c: Po, Itsion Ir a Saker lalcon; On the 1..,\ 
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Falronpox 55 

Figure 3.34: Pox lesions on the uppes eyelid of a Hoobara Bustard {Chlamyriatis Figure 3.35: Pox leslOlls around the fac~ 01 a domelli< pigeon (Columba livi~). 
undulara). 

Figure 3.36: Pox lesions on Ihe cere 0' 3 Slone (urlew (B"mlttu! oed/(MI'I!U$). Figure 3.37: Bollnget"s intracytoplasmalic bodies in a hIStological PI<paration 
01 the Stmrum spinosum 01. jJOx·assooated skin lesIOn from a ""'egrlne laloon. 
HE Slain. 

figure 3.38: Pock.Jes.ons on the cborio-allonloic membran (CAM) tlve days 
alter Inoculation WIth a fakonpox vitus. An anenuated lalconpol( vaccine has been 
established by {VRL. This vamne is annually adrniniitered to hundreds of hunting 
lalcons prior 10 the hunllng season. 

3 
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56 Vn.1 Otseases 

Influenza 

Figure 3.39: Oischarge Irom e-"., and nostril$ ola H ~b.!ta Bu laid KhLl'7l. 0 
lIS unduJata) wlln Infiuenza A n#KtlOn Hun n9 fa ·ons (onlraa th@irlni1tJEnza 
Inle<tlOn through IIrftr quarry. 

Figure 3.41: Pnt>umonla nd aled by the dark-todareas In melu"9 as wtll as 
pus In the brooch. of a Houbara BUSTard With 1I1/1uenza. 

FllJu~ 3.40: Se""'~ II«hel ~ WIth ~~, ptOducOOn In a Houb.!ra Bu~""d "r'h If\
l...oza A I fecT' 

figure 3.42: P ""'.' " In a Hooba" 8US1ilrd caused bV the ,ntuenza, IUS. 

Copyr 



figure 3.43: Piincreat'tl< on a Hoobara BUllarCl: Alroplly of e,ocrlne lIssue w,ln 
numerou, small eOSllloprnli( ""'Io,i< and marked dillu« inftimnron WIth 
mononu~ar (ell,. HE sta n. 

I 

-

Influenza 57 

Figure 3.44 a. b: Acute qan~. of wattles. combs and legs, 3 days aher InleCllOn of 6-w ~Id ,n<kens w'th a H7N3lnfluenla A straIn ftOl1\ a Peron"ne f.kon 
s..veral case< n ...... bt<!n de<cr,bed wh.,~ avian flu l)'Il~ HS and 1l91ead 10 serIOus ,nfluenza In humanll~uh ng f.la lIel. 

3 
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Chapter 4 

Bacterial Diseases 

Clostridium perfringens enterotoxaemia 

Chlamydophilosis 

Colisepticaemia 

Pseudomonas septicaemia 

Pasteurellosis 

Mycoplasmosis 

Salmonellosis 

Tetanus 

Tuberculosis 

Hunting falcons nLly uffer from many differem bacterial dis-
e. e • the I .on of wh.ch shown on the next pages. Blood 
has been analv .. d from manv of th", .. c;u e<, and Lhe re ults are • • 
pr.:seJlled in Jbb 4. 1 and 4._. Th~ resultS how a light 
decre.l e in luemawlogy \oalue and an increas~ in WB and 
heterophil •. Mo" of the biochemiltry v.alu are also elevated 
IIlcluding torJI protein and globulin. In clostridial emerotox
ae.ma, however, the (otal WI3 i often decreased. due to the 
de tructi\,e nature of the closrridial (oxin on the blood pro
du ing centeNo , nd MIme of the biochemi try paramecen m~ 
be extn.'mdy h.gh ( K. LI)H . T. BA). 

Heterophil are the most numerou f the granulocyte fo und 
III bink An increa.e in circulating heterophil occur in re
ponse to bactenal an I fungal di case. damage. stre",s, 
ome membolic disea,,,, and myeloid leukaemia<. In heal thy 

fal om. Ul .. heteroph.ls have. lobed, usually bi-Iobed nucle-

us and cigar-. h.ped brick-red granules. hnm [uricy of het
eropluls is chanctcrizcd by a decrease in number or absence 
of nuclear lobes (Ieli h.Ii). Heterophil and e inoph.ls Can 
usu:llly be differentiated by the appearance 0 their granul . 
However, in .ck birds. the granules of heterophIl may 
change in 'ppe",ance and colour and giv~ rise problems in 
di liRgui hing between both cell types. Fu rlher problem; may 
r ult when e ami ning old blood ampl dnd following in
adequate fixation. both of which may re ulr in loss of granu
lation r the dcvdopment of toxic changes. Howe""r. toxic 
heterophils are olien a.<$OCiated with <evere cterial infec
tion as indicated in the following pictures. The changes in 
heteropbils are 0 ~sion.ny reported using scale, as ex
plained on page 32. 
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Table 4.1: Haematology and biochemistry values of falcons suffering from bacterial diseases (except clostridiosis) 

Parameters 

RBC 

HB 

HG 

MCV 

MCH 

WBC 

HETERO 

LYMPHO 

MONO 

EOS 

BASO 

CK 

LOH 

ALT 

AST 

GGT 

BUN 

UA 

SA 

TP 

ALB 

GLOB 

IRON 

CA 

PHOS 

SI Units 

.,0"11 

gldl 

III 

II 

pg 

u/L 

UIL 

u/L 

UIL 

u/L 

mmolll 

vmoUI 

IImoUI 

gn 

gn 

g/l 

llmolll 

mmoUI 

mmoUI 

N 

83 

83 

83 

83 

83 

83 

84 

84 

84 

59 

41 

41 

41 

62 

44 

51 

51 

35 

25 

26 

57 

57 

31 

Diseased falcons 

• 3,04 ± 0.44 

• 13.33 ", 2.16 

• 0,40 ± O.Od 

• 131 .58 '" 6.69 

• 43,85 ± 3.00 

.. 13.16 % 2.91 

.. 65.04 ± 5 81 

. 28.73 2:460 

560±2,15 

0.41 

020 

.. 946 ±116 

.. 1183 ± 130 

.. 101 ± 42 

.. 142 so 51 

.. 208 ± 14 

.. 6.8 ± 2.8 

441:1: 231 

24.8 ± 6.4 

.. 32.0 :1: 10.0 

107 ± 1.7 

.. 21.3 8.3 

6.S ± I 2 

2,1 ± 0.2 

0.8 0.2 

Mean :I: SO 

BiClefial Orse~$ 59 

Ref .. ence Values 

321",030 

1495 ± 1.39 

0.45 OOd 

139.B5 ± 6 H 

4642 ± 2.55 

9,64 '" 3 96 

59.80 '" 1281 

34.61 ± 12.88 

446 211 

043 

0.16 

640 210 

1028 ± 385 

64 8 ± 28,9 

93 1 '" 44.6 

140 6.3 

4.7 1.80 

481 261 

22.3 ± 4.1 

28.4 ± 6.5 

10.4 1.9 

18.0±46 

61 3.7 

2.4 ~ 0.3 

07 ± 0.3 

c 
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60 Bacter,.,! Diseases 

Haematological pictures of falcons with bacterial infections 

-• 
• • , 

• 
• 

-
Figure 4.1: A Gyr hybnd with Increased he erophils (heteropl1l1lil). Six heterophils Figure 4.2: Three heteropl1lls showing loss 01 Ioblrtabon dOl ran .1, as an 
and truee rombocytes are viSible 1M lalcon suffered Irom chlamydophllosis. IndicatIOn of an mRammatOly reac1JOn This GY' hybnd had a '0(1 mleaion. 

- --

, 

". 
f igure 4.3: Three normal hetefophds and one I!05Inopl1i1 (highlighted) of a GY' 
hybrid with bumble foot 

--

--, 
'-'"'" -, 

- , "'" , 

-

-

figure 4.4: rwe hetefophas are viSIble (hetefoph hal of 
of granulation. ThIs Gyr hybnd had bila~,al bumblefoot (WB 
heterophtl~ 20 % Iymp/locyt~ 2 '!(, monocytes). One n ron 
also presenL 

c Py 

t 

-• 
-

some show loss 
I • 10'/1. 78 '!4 
(htghlighted! is 



Haematologocal ptCtures of f~lcons with b~({enal infeaions 61 

, 
, 

, 
I • 

I 

Figur. 4.5: Si. toxic heteraphih (+4). This 
airsac(uhtis. 

falcon suffered from a bacterial figure 4.6: Seven tOXic heterophils (+4) with loss of granulation and loss of 
lobulation from a Gyr h)trid with dlforuc bumblefoot (WBC 16.8 • 10'n. 82 ~ 
~teroph I~ 16 % Iymphocyte~ 2 'l4 monocytes), 

... . 
-

-
-

Figur. 4.7: ~.rai basophmc erythroblam from a Gyr hybrid wrth regenerative 
anaemia assooated with chronic alfsacculiti~ !he red ceils show jlOIkilocytOSll 
and anisocytosis. 

.,-

• 
Figur. 4.8: A Gyr hybnd WIth saimonellOSlS. SI!'milI heterophlls, two mooocytes 
(highllghted) iJnd le"eral tlvombocytes are seen. The bird showed the 10IIowln9 
blood pictur.; WBC 19.6. IO'n, 90 " heterophlls. 4 " lymphocytes and 6 % 
monocyle~ 

4 
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62 Bamnal Disea~ 

Clostridium perfringens enterotoxaemia 

Table 4.2: Hae.malology and biochemislry values of 15 falcons wilh clos1ridiosis 

Paramelers 

RBe 

HB 

HCT 

MCV 

MCH 

wec 

HETERO 

LYMPHO 

MONO 

EOS 

BASO 

CK 

lOH 

ALT 

AST 

GGT 

BUN 

UA 

SA 

TP 

ALB 

GLOB 

IRON 

CA 

PHOS 

• lid = IIOt done 

SI Units 

g/dl 

In 

n 

P9 

.loon 

Ull 

Ull 

Ull 

Ull 

Ull 

mmotn 

~moln 

~motn 

gil 

gil 

gil 

~moll1 

mmotn 

mmoln 

Diseased Falcons 

. 2.19 ±0.4 

. 10.70 % 1.93 

. 0.32 ± 0.06 

• 146.12 ;t 1.34 

. 48.86 : 3.01 

. 5.9 ± 1.0 

. 64.0 :t 7.1 

31.0:4.1 

4.00 ± 2.00 

0.0 

0.0 

.1691 *410 

. 2140 ", 481 

nd ' 

. 496 ±96 

. 34.7 :t6.4 

5.4 * 1.3 

nd 

nd 

16.l± 5.1 

.16.2 ± 3.1 

nd 

nd 

nd 

Mtan: 50 
Reference Va lues 

111 ± 0.30 

14.95;t 1.39 

0.45 ±O 04 

13985 :t 6.33 

4641 ± 1.55 

964 :t 396 

59.80 11.87 

34.84 ± 11.88 

4.46 :t 2.77 

0.43 

0.16 

640 % 210 

1028 d85 

64.8 .. 18.9 

931 ±44.6 

14.0 :t 6.3 

4.7", 1.80 

487 ± 267 

123:t4.7 

2840006.5 

10.4:t 1.9 

18.0 ± 4.6 

61 ± 37 

2 4:t 0.3 

0.7 OJ 
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Figure 4.9: A Gyr falcon thaI died from C. perftingern ell1et'otoX<W!rnia. ~wolJen 
r~ palo he.n and red Intestines were abseM!d during nl!<ropsy. Predisposing 
factors for the develapment af C petfrin!Jl!fls enterolaxaemia include concurrenl 
diseases like asperQ1l1osi~ gou~ piIIasita.is. adena aod reovlrus-,.fooions. 
chlamyltophilosl\. ove,e.erlion, dehydration, managemem problems and Inges
tlon of (ooraminaled meal. Clostridial hypetimmune ant~. given inllavenous!y 
may redoce falcoo mortalil'/_ 

Figure 4.11 ; Haemonhagic enteritis aod onloJged r, .... in a falcon, which died 
from t10sllidlal enterotexaemia. 

CI"'lIidrum pe<flingens entetaloxael1lla 63 

/ 
-

Figure 4.10; Gyr falcon which died from C. pe!frirtgMS enteroxaem.a cau,ed by 
contaminated meal. This p'CTUre shows the opened crop ""th the moat 110m wllkh 
a swab is taken. High numbers of C petfringens organisms are frequently ISolat
ed from the crop. 

Figur. 4.1 Z: In severe clostridial enterotoxdemid """" 'he intestines are filled 
with blood. 

4 
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Figure 4.11: Brain of a Gyr falcon willi focal 'ymmEtric encephalomalacia (F~E) 
that died from clos1Jidi • .1 tflterOlox.eml •. Note Ihe vacuolanon of ganghon (ells. 
HE stain. 

U!.c , 
f"€.., . .( + 
1£.';( 04-

~et.. • 
f./!.......d. -4 

Figure 4.19: Colorimetric letrazolium (MT1) c1eaya~ rest results on ve<IIet moo· 
key kidney cell cullllres (\foro cell,) indiCil ng 1lllCin in the intestin<!l uid of dead 
falcons. The flltestinal fluid is ,eriallyd1IUled in (olumm two e toone. Loghl colour 
Indicates ~ of 1oxlns. 

CloSllidium porlrin9"'" enterc ""aeml. 65 

,~ .. 
Figure 4.18; High numbe.s of Gram'posltive rods hom a dlrea !mear 01 the 
Intestinal muoos. of a S. er falcon wIlleh died from c1OSUldt;l1 eftl.rOloxaemia. 
Sixty pefCeftt 01 clinically normal falcon, hiM' been found to exuete (perfringErH 

, 

organosms. 

_ "" .... ,.. .. ~ """"'.t.;~.~~r 
11 , -11.. ;..,. I. -,.:", 

~. ,.,.. I~"-l tt-,.., 
1) I Dt +kbl 
l" -f • r.. 1<:. t'rto f#" r=- ..,. 

-1 " Tltlf"l 
~ -. ' 1"'~-7"'" I" 
# " "'~ JIde ' r.~ 1_ . 

Figure 4.20: C. peffrin!Jf!fls WSA test resul~ MTl. ElISA and polymerase chain 
reaCIion (ptA) haYe replaced the mouSe bioassay. This EUSA odent ,es 3 malOr 
C. perfrillgens toxins and the isolAted SUi! 'ns: Samples two to our are poSlliw for 
a ·toxin (A 2-4) a' Wl'1l as for C perfringfns arganMlS (G 2-4). 

4 
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Figure 4,21 : ( ~rm!/ff>l coIOII'~ on Zelsw •• ~. No ~ the tYp«41 dOub~ 
lone naemoly;6 

Chlamydophilosis 

Flg"re 4,23: i'!rlD!>l.s «Ifbed I1t (hlamydopM.llPp. ,n a Gyr hybocl. The dis
~ III I.kons ; r Ife ~O .... t'iP\ pIi ')'ngea sw<>ils .'. ollen posillve 1M th~ antl
gen-Ws,tIln I.keels ...... th no ciJn.c.JI Signs fre<luem the on " Of'! Il. .poor 
ilI!Ilorm.n~. Th"'" are m(K1 p.obJbI, subcl Ie.!! case\. So far flO ~oty ng of 
Chl.Jm)dopJ>tI..-pos, tv falcons ;we bet>n per/Dmle!i 

Figure 4.22: Wh~n the Ie sit'! agar pla1es are ,posed to OJ(~ \'" wlltfll 
hOUl1at roon' tempe,atur~. C pMlmgMHoloo.es p<oduce d .gt I green p.gm~1 

Figure 4.24: H~tomeg.lv and selO ,bnflOu5 ,",0" 61n a twCI-year-oIc! G), fal 
(On'" til m r.N gelaunous p.fI""dtal and ~h,p.lliC .. udar.~ 
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Figur. 4.25: Ch/amydophIJa anngen·HlSA. w.u. which coIoor red are md,· 
cativo of positM! reactiom. Swab. are from the pharynx. eyes or organ 
surfaces (mainly IIvtr) and dispaldkd 10 Ihe IabOr.llOl'/ rn a specal uanspon 
medium. 

• 

-
-

f'ogu'" 4.27: ChlamydopMa indusioo bod es ob5eMd ,n lhe liver smear from a 
Saker fakon .. "h chlamydophilosi~ GII'IM!r.t!Z SI<I,n. 

ChlamydophllOSls 67 

Figure 4.26: A swab is l<lken froon !he pharynx 01 a falcon for Chlamydopiltla 
diagnosis 

Figur. 4.28: l . hepat'lIS and penhepa lIS of a Gyr hybrid Willi 
fibnn exuda es 00 the serosa and d, use mononuck!ar celllnfillroJoon 01 subcap· 
sular IlSsue caused by Chiamydoph,l. spp. HE Sla", 

Gopy 
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68 Baeterr .. l Diseases 

figure 4.29': lmmunohlstochemlsU)' 01 th same preparation of Figu'e 4.27: 
Chlalll)'iaphiia-antlgen posil" . panicles are dill"",!)' dlsuibuted to the floonoos 
.rudalf (browni>ll stainlOg) 

Colisepticaemia 

Figure 4.31 : Massiw subaan. ! fI""plHlJlen1 poIY'''~us wllh matted .tuda
lIOn a yellowish mall'nal on the pericatdlum and Iho peritoneum - a typICal sign 
01 bacterial indIKed ""osilis. Two·month-old Gyr x Pe<egrine h)brid. 

Figure 4.30: lymphoplasmatyllC hepJ liS with num rQUI mononudear ceHs In 
Ih. ,inusO<ds 0 a Sake< laken. The orga<llsms sUspecle<l as Chla'"'JffDphl. bac
teria are sePn In the center. HE stain. 

Figu •• 4.32: s...t. '" 'ut' f brmQpu1ul..,1 perlcardllis WIt m.,~I .. perlC.Of 
di.11 ellu""n In a Gyr x Peregrine caused by E. call. 
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Figure 4.33; E. cO/I serofibrinous pericard~ls In a Pert'grine falcon, There ale 
numerous bacteria visible in the debris of the perlUlIdlum. ~ E stilin. 

Figure 4.3S; Opened colon of the same ca!e as in figure 4.33_ St>vere impactIon 
with dry Ingesto cau,,", by E. coli induced peritooil;'" 

Colisejltlc.>emld 69 

figure 4.34: Mlld flbrinoos E. roll pentooiti! In a ooe-year·oId Gyr x Pett'grine 
hybrid. Note tlte d"t~tion of the (01011. 

Figure 4.36; HIStology 01 t .... !<Ime case as in figure 4.34: Mass1VI! suppurauve 
00 neaotlzlng colitis caused by E- co/i. la'9" necrotic mass in the (olon lumen (00-

taining bao",i._ Sl!\Iere supputative serositis. He stain, 

4 
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70 8aClmai Diseases 

Figure 4.37; Suppurative hepaUlJ5 and """hepamil of a Gyr h)t>rid caused by 
t. co/l ..... 11II rna. ed infiltration with heterophil, and Rl<lQ'ophages (highlighted in 
blue) and lome linlllOid.11 OIICrOlhrombo6is (hIghlighted In led). HE stilIn. 

Figure 4.J9;: £ coil growth on blood agar isolated directly flom the h.an of a 
I;,r.g"n •. !Ius i. a he.wy growlh. 

• 

• • • 

• 
• • • , 

,,' , • 

• • · 4. ~ . 
',. . ~ 

,~ 

• 
• • • • , 

• • • 

• ' .. 
• 
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Figur. 4.38; Severe suppurative meningius of a Gyr 'alCOll caused tJy £ roll. 
HE stain. 
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figure 4.44: MdSJ\le e"idal .e b<oncMlsciluled by I'derugmaso In a i'efegnne 
1.1((.0 l.'~ "''''''"''' (Ouif/I".ly Iii <'d W'I necroll, "",I!>fial and I,brln '",,",In 
In9 <lUrM<QU\ bdC,.". Hf Sla n 

figure 4.46: P <WIvg no", glow h on blood and "" r*,loga, Ihe ha.molysos Dr! 

blood "411 and I/le bl ... pl9"l'nl on nUHlenl agal ,!Ie typICal fOI P aprugmOSd 
P d#tUlI 1>0<1 " "IV ,"S"t.!rIl [0 rnan\ .n!lbio~ sand C grow .,Iov. ''''''~ •• 
turfS. 

Figure 4.45. A 5.l'.r 'alcon (FJico cn.rrugl _"I" SIOl11al' S ra~ by 
Ps;ourlomnniJ< a. vgr/lllsa. 



Pasteurellosis 

figure 4.47: 11,., Gyr falcon suffettd flOtiI serofibtinou, petKardltls caused by 
P.lsrtutell4 mulrocw. Pasteurellosis In f ens is caused by P~SleuttlJd fI!UIroada 
or M_ht""", hHmoIyro v.i1ich may CAuse peticardlus, penhepa tIS, pneumo
nia, ainacClJlitlS or seroslus, 

figure 4.49: PasteurellosIS In a Gyr hybrid. SplHn with I!II(ro-abscesses con· 
taitllng numcrous baaerla. Note the exten,iw inflammat"'Y reaction around the 
baaeria. HE m.n. 

Past ... r.llosi, 73 

Figure 4.48: Pas eurellosis In falcon IS ra'e and always hnked 10 the ""lestiOO of 
contaminated food. This piaure !haws the Iiwf of a Sa""' fakon WIth marked 
serofrbnnou, perihepaUt~ W1 men,1Ye acutelnflamm.l1Jon. HE Slam, 

Figure 4.50: PasteurellOSIS II a Peregnne fakon. lung WIth an Infet1JOUS worn
bu, in a ....".1. HE stain 
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74 SWerlal Ois@ases 

• 

Figure 4.51: Crop infeCllOn caused by MiNlnheimia haemo/yllGl. Hom many in
flamed falcon (f0P6> F\lsreulr1iJa spp. is ilOlated. often in conneaicn with Sraphy· 
Iorocrus dvreus and (an;JicU a/biQns. 

M 

Figure 4·.53: la IIl9 a swab sample from a Siib1r falcon (F.J!ro d"frog). eaed 
wIlli s.nu5lti~ 

figure 4.52: PasreureJla spp. colony growth on blood agar: 
Small uansparenl colonies. 

Figure 4.54: Qual '1.[ h severe Chronic Respira ory Dism (CRD) caused by 
Mycopl.nm.t gdilMpliwm associated wi caseous sillJ$ilil (owl head). FalQons 
may conlraCl myropJasmo5ls trom Ingesting diseased plgton Or quails. 
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Figure 4.55: Arabian Red·leggi!d PaMndlJ'i! (Alecmris rnelanocephala) w, 
myroplil>mOSls In whoeh the infraorbital >1",,\ IS opened aod t e ca~OUi malerlill 
rem(Ned 

Salmonellosis 

figure 4.57: Millar and SUpefmiliat foci ,n an eniaJ9ed liver 0 a Gyr akon WI 
salmonello,I •. This pirone I, """I ' imllar to loclusion body hepatitis (herpe,). The 
enteric form of salmOlll!IIa.is is rare In fa!coos. 

SalmOllellIMi. 75 

Figure 4,56; Typocal .f~ed~. aapNrance of ~fIII<l spp. colon, •• on 
~e(u,'! agar Mall\' Myroptasma ,peo~ have b~n Isolated Irom fa~ 
(ons, 10m' of them annot be ,erotyped. 

Figure 4,58: focus of numerous apoptotlC ~patO<ytes (focal <lCUle ne<ro\i$) 
caused by salmonellosis In a Sa"". falcon. HE stain. 

4 
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Figure 4.59: l,~r: NKrOl1< loru, .... "h reacll", ",hhTJUOII (macrop/la<Jt!s and 
hetfroP'l,I,) camod by salmOrtEll"'" '" a G)t faiCon ~E "am 

Figu •• 4.61 : SubiICUl Inl",hlkll nephOl" W,I 1 bul ,1o".!lId mooonuc:le.r 
(ell iOll'nl'liallnl,llra ~ (amod by 5dlmcll>f'fla spp. ,n a G'Ir lakon. HE slain 

Figure 4.60: Thrombost!d (a~lIa'Y cau, ng neaob.,.., eN b"l"'ll< u,sue. HE stal ... 

I . '. 

Figure 4.62: 0.1 ,10' ''!lU'' 4 0 I [M!", mooonocle., '01.,,1, at 101, Irate and 
,. Iuloir deb" In ,enallubular IU!1lffi (high Ig l!'d in blue). HE sla n 
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78 8actena1 Disease, 

Tuberculosis 

Flgur. 4.67: Generalised I .. iIi 01 avian tubelrulosls wnh involvement 01 the yj,. 

(<<ill OIgans In a 5.l1:er lalcon (al IoIlow1ng pictures are from the same Saker fal· 
con). Enlarged spleen with numerous milia! whitISh nodules (tuberculous gtaIIu· 
lomas). In a I uses Mycob.Krenum ..... mwas Identified by PeR 

Flgure 4.66: • Telanoc spasm. 01 the hlOd log 01 • mouse ~led with 0.1 ml 
01 CIost,Kfrw> 1e/anJ liltrate from ioglyoollate bro h. 

-, • • " 1 ." • • • . . , 
c .... ~ .. -.' 

Figure 4.68: TuberruiOlls granuloma WIth nu"K"'US .,ophagto, With 

aod·fast rod~ llehl-Neelsen UII n. 

COPY 



Figure 4.69: Avian ruberculosis often involves the Inl6Me as sefn In this case: 
Central necrolk granuloma on 1ht serosa and proliler~lIve ementis. ~ enterIC 
IosIOllS are often (onsrdefed to be the primary I<!SJOI1s. HE starn. 

Figure 4.71 . : Prollerative enteritis with numerous macrophages filled With 
acid· fast rods.lJehl·Neelsen starn. 

lube/miosis 79 

Figure 4.70: Higher magnfflc:atlOn 01 Figure 4 69: Numerous macrOphag6 sur· 
round lhe necrotic locus and some multinudeated gram cells (Langemans'9ram 
cells, highllgllted) are abo VIIIbl .. Zrth/·Neelsen stain. 

Figure 4.71 b: TJbe(Ulosis 01 the 1_ in a Sake< fakon shoWIng a tuberculous 
granuloma with numerous langerhans"9rant celis. HE stalll. 

Figure 4.71 ( 

~~ 
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80 Ban.nal DIl<!asos 

Figure 4.71 c: High", magnlllCdtlOf1 of Fig Ie 471 b showing nUinerou~ acid 
f.%l ,od~ Zlehl- •• Isen Sla.n 
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F I Diseases 

Aspergillosis 

Other fungal diseases 

Candidiasis 

A pergillo i , cau ed by infr tion with Aspt'Willus (. .J jr"1/iga
Ills and less commonly by other Asptrgilllls pecics, is a de
bili"'ting very common respiratory disease of (; Icons in the 
Middle East- . "'"(gallls i a ubiquitous saprophyte and 0 

portunistic fungal pathogen, and inhalation of mborne coni
dta IS the prin iple mode of infe tion. The pathogen i 0 

aspcrgillosi i highly compli red. especiall)' most 0 the 
train are to in producen. How"",,,,r, the toxins that are pro

duced by A.jrlllliJlafllJ have n t been thoroughl)' inwstigated. 
During our investib",tion on raptor pergillosi we observed 
that owr 95 % offungaJ . from 'spcrglll sis lesion were 
A . funr(~1r1J of which mOre Ihall 50 % were loxill producers. 
It i knowlI that ome f the to ill5 suppress the immune s) -
rem of the alcon (e. g. GliolO)Cin), predisposing to the devel
opment of other conditions such as bumblcfool or clostridial 

• 
en tcrotox.aelnlJ. 

81 

Cal/diaa a/biCillu i commonly a ocialed with dise c in .ni
mal . ell-wall g1ycoprolein have an endoto)Cin-like a tivity. 
In falcons mucous membrane and the f, t nuy be lII\'olved. 
It can c;Juse severe crop anf«tion re ulting in a thi kened, II 
covered \vith pseudomembranou, )",11 \\~sh-grey necrotic 
materu! imilar to rri homonosi. alldiaa a/bilans nuyalso be 
involved in the development of bumblefoot. Prolonged an
tibiotic Ihtr.lpy and l1IalnUITlti n an inin'le the inf«tion. 

Iher fungal infection which are of les importan e are 
coused by Aspetgi/t.u JltwUJ, ptrgillus "iali/aIlS and BlasIOIlly«.! 

Haematology and biochemi t1')' parameters (Table 5.1 ) how a 
light anaemia, increased WD c unt, wher ..... blood chelll

i try changes arc consistent \vith liver and kidney involvem"nt 
.... well increased TP and mineral on emrarions. 

CODy 
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Table 5 I: Haematology and b,o<hemlstry values of fakons suffering from asp rgillosis 

ParamfttJ'S 

R8C 

H8 

HCT 

MCV 

MCH 

W8C 

HETERO 

lYMPHO 

MONO 

EOS 

RASO 

CK 

LDH 

ALT 

AST 

GGT 

BUN 

UA 

SA 

TP 

AlB 

GLOB 

IRON 

CA 

PHOS 

51 UnitJ 

.10"/1 

gldl 

III 

II 

pg 

.10'n 

Ull 

Ull 

Ull 

Ull 

Ull 

mmolll 

~moln 

~molll 

gil 

gil 

gil 

~moln 

mmolll 

mmolll 

N 

~1 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

38 

38 

41 

38 

49 

49 

61 

41 

41 

41 

50 

38 

4 

Diseased Falcons 

.. ] .07 . 04~ 

143] ± 1.98 

.. 0.4] % 006 

140.07 % 701 

46.68 ± 2 54 

... 13.97 % 2.59 

60.51 ± 18.]8 

n8S ± 17 84 

5.43 ± 2.45 

O.OS 

005 

. 570 

• 163.6 ], 1 

• 19.4 ] I 

... 63 . 1 9 

. 563 2' ~ 

. 72.7 5q 

. 33.5 ,7. 

10.5 ± 6 

. 23.0 6 q 

... 10.6 ·14 

. 2.8 4 

• 1.1 ' 6 

M an" 50 
Reference Values 

321 r 

1495 1 39 

045· 0 

13985 633 

964 3 

5980:t 1287 

3 

44h277 

043 

016 

640 210 

1028 ± 385 

8z . 9 

93 1 446 

14.0 ± 63 

41 18 

87 267 

223 ±47 

28. 65 

10 ~ 19 

180 ± J 6 

61 37 

24 03 

07 03 
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pictures of aspergillosis 

FIgure 5.1: Heltropho11a In a Gyr lakon with aspefg IIosos (WOC 16.9 x la'll. 
86 '!Io helerophil~ 10 '" I!\phocyte~ 4 '" monocytes). Seven heterop/lils ale 
visible. 

figure 5.3: A Sake< fakon WIth dvonlc asper91llosl~ Six 
het«oph"s are viS! Ie wIlicb show different stages 01 al .red 
granulation Indica ng Ioxi< cbanges. Several Ihrombocytes 
ate also p,esen 

Haemalology p1C1Ufes of asptrglllOSIS 83 

-

• 

f igure 5.2: Chronic aspergIllOSIs In • Gyr lakon. 1M hlg 
Irghl.d hel.rophil contams ,n"aplasmalic granules Ih Ctn· 
lral bodies. 

. ...... 

Figure 5.4: Three monocytes (hIghlighted) lrom a Gyr wi 
subarute aspergillosis (W8C 14.0 I 10'n. 82 '!Io heterop/l"~ 
2 '!Io Iyrnphocyt~ 16 '!Io monocytes) 

5 

• 
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Aspergillosis 

Figure 5.6: A Gy< lalcon with gen.·. zed 'Sper9dlosls. 

Figure $.5: Two helercphlls (hl9hloghted In blue) and Ihlee rear""e monoc:yIe5 
(highlighted in red) from a Gy< hybnd wnll chronic aSflOI9lllosis. 

Figure 5.1: Fungal plaque on the lung of a Sai<.ef lafeon 
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Figurp 5.8: Grey III g'l!fIl fungal ma'S on !PI! a rsac wall of a GjI falcon 

Figure 5.10 a; A. furmgdlU1 on Sabourand agar. 

Figure 5.11: Pneumooia caused by A. futrogalus in a Peregrine falcoo. Round 
l!OSinophllic foci containIng nUtlll'rou\ fungal hypna... PAS stain. 

FIgure 5.9: fuogal mat on tM Imal Olel e of a Gyr alcon 

5 

FIgure 5.10 b: A. lunrij}Drus: Methyle""",,lue sla." f<om • colooy. 
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86 Fungal Oo~ 

Figure 5.12: Gf3nuloma olIn. safll!! caS!! as n figure 5 II' Numerous dlcl>olG
mously hran~, sep,al. lungal hypha. In In. ('(rOt~ <em" of II>! granuloma 
blilnchlng 1D Ih. pe!lp/lt'I)' PA5 ,taln 

• • •• 

r 
• • 1 

.. 

flgure 5.14: Numerous dar d ho omously blJncn.d lung~ hYll~ bra",hlng 
oor 01 1110_rOI,( aj"a, I "ue 01 • Gvr h,lllld Grocon st. n 

Figure 5.13: Conidiophore, of 4. ium"l"Mln lhe • W 'pa" of • G~ I.lcon. 
PAS stain 

.. 

• 

• 
• • 

Figure S. I$: Conodlophores 01 A. fUm'9QIlJlln 11K' .«.at ,pact' of a GY' hybnd 
Grocotl SIa n 
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Figur. 5.29: Oesophagit" caused by Cdndidc albicans: Crop 01 a Gyr falcon..uh 
cellular debris containing pseudohyp/lae and blastospores attached to 
the muco.a. PAS sUlln 

:~ ..0 

• 

Figur. 5.30: Nlne-year-<lld Gyr falcon with S"'rl! dlronlc 
bumbleloot causmg malked 01 the plantar suriace of 
the loot. In addition to alimentary tract inlectlons (andid.! 
albkans is ohen in~oIved In pododermatItiS (bumbleloot) and 
othel skin inlKtions. 

figure 5.31 : PododermatitIS of a Saker falcon; ChronIC pyogranulatJY<' dermatl· Figur. 5.32: Growth of (andld4 a/blew on Sabouraud .gat 
lIS caused by (iMido albican~ demonnratlng numerous pseudohyphae and bias· 
tospores In the debris. PAS stain. 

Candidiasis 91 
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Haemoprotoloa 

Malaria 

• 

Figur. 6.1: Peregrin. falcon with se ..... t..emoIytJ( anaemia ""'.nng poIychro. 
masia. anlSO<)'lo~ poikllocyt_ and hyperchromasla. PaJaSites of tlMo gtnus 
Plasmodium cause a'lian malarl<! and mosq .. toes (Cu/eo(. Aedtos) SeM ill Inter· 
medl<!te hoslS. 

• 

I 

• 

Figure 6.3: Plasmodium "'/lCT1Jm (like Figur .. 6. I and 6 2) has a world·wid. 
chsuibuoon In many ,lVIan r.mll .... and," some h is pathogenic and often fatal. 
Many efY\hrocytes contain the palilShe. some of wtUch hM burst .nd 'eleilled 
the gatnetocytes. 

H.1tmopIotOZOil 9] 

-

-

.. I • 

Figur. 6.2: A preparatiOn of the lame falcon as shown In Flg .. e 6.1 . Plasmo
dium rtlictum ld1lzonl5 and gametocytes afe seen In the cy10plasm of erythro
cy1es. Tho organism can also be found In thronbxytes and leukocytes. This G)'I 
hybrid f.lcon showed the following blood poc1Ufe: R8e 1.8 x 10" n. H8 7.8 g/dl. 
wee 10.2 x lO'~. 

• 

• 
• • • 

I • 

• 
-

Figur. 6.4: Three hell<oph,ls .. th sever. desUUOlon CAUSed by P t,l/CT1Jm 
infectiOn 01 tlMo lame G)'I hybnd fakon. 
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Figure 6.S: ~POSII of h.Joell1al n malana P'9mem In Kupftef cells n 1M IIlot'< of 
tnt \am. G 'hybrid This IS the only pathOgnomonIC les",n In cast'S ot ...,laria. As 
deo!cnbod lor otM' avlan\ i<hl1Ont< In Ku~tff!1' a:lIs and mononu{le.r ~aU\l\ 
a<t ra.ely observed In 'alcons. HE slain 

6 Babesiosis 

• 

Figure 6.6: NOOIllp~Mal'" p",<vascuiar focal en~hailll wlIh schlzont·li· 01· 
ganlsms mOSI p<obably ",\i,~ m.'Klopilagel 01 ~ Gyr lalcon. Thlsll1d 09 111tIg· 
~t"e of mala~. HE I'aln. 

Figure 6.7: 8<'IbrSJa ,00% In the cy10plasm of an erythrocy1e from. Saker lal· 
(on (falco <""'rod!. fmodrloedWria [G emsa ". n) 

• • 
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Haemoproteosis 

Figure 6.8: Hilemoproteus sPfl. in the cytoplasm of el)'throcytes 01 a GY' fakon. 
Thee are el)'th,ocytlc game!Ocytl's which practically onor<l. m. el)'thrOcyt. 
nudeus (.h •• r·shaped. appearar.ce). 

Figure 6.1 0: Hd.mopror~ tlfl(lr.tnclJII inffC1ion (couneously identiflf'd b<t 
Dr. 0. Krone. IlW. 8erlill. Germany) In a Saker fakon. This parasite is minimally. n 
at all palhogeni< In falrons. 

., 
• 

HaemoptOtOlOa 95 
• 

Figur~ 6.9: Heavy inffC1ion with HiIeII>OfIIOieus spp. In a Peregrine falcoo. The 
parasite is t,ansmlne<! by bIood'ludcing inSetts nke hippobosdd fly. ~ numbe, 
of gametOcyt6 seen in peripheral blood varies with SUl'SS, season and age. 

F'lgure 6.11: H .. ",oprote0!6 01 m. musde: large parasnic cyst (megaloschlZont 
of H~mtJproreus spp.. rou~eously identified b<t Or O. Klone. 1lW. Berlin, Ger· 
many) foearod bel""'" mw;1 fibres. No Inflam11loltloo il p'esen The d,ff«OCllj· 
allOn of these cysts from Sarro!}"l"lis 01 [eCKOCylOltJOll cyslS is difficult H t staln. 

6 
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96 ParaSi!K Diseases 

Figure 6.12: Ha moJlfo elI\IS of muscle: (akl!fd paraslllC <,/,1 VVltil focal 'eac
w. myo 1"- Tho CdICl!led SUIJC1u'M are mo<! probabl 'esld .... 0 paraSllt 
'h~, p;.thogenlC11y .5 ur knOWll. hoi,",.., In ca,,,, VI h myositiS pOOl performaoce 
may occur. HE stain. 

Leucocytozoonosis 

-
, , 

Figure 6.13: A Let/COC)'fOlOOll paraSlle in a Gl' lalcon_ Thl$ ls a gametocyle. Figure 6.14: Two Leu,OCI'IoJOM "",(fO 9a~locyt'" '" the blood of a SJ. r f I 
con ThIS piNiISlte " min mally, If at all pa hog.n", n f 'OIlS and Is trar>sm tted bV 
hl.c.I< fl"" (Simu Ili.Je) 
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Protozoa of the alimentary tract 

Trichomonosis (Frounce) 

Figure 6.15: A Saker laicon with l'jpICallesions of TrichOOlonosis in the pharynx 
and crop. 

Prolozoo of the al.mentary Irac1 9 7 

Figure 6.16: Trichomonas gallinae nodu"" in Ihe p/la1'1"" and crop of • Gyr 
hjllnd. Fal",ns [ontTaCI tridlomono,'s or IrounCl! by ingesting Infected plgeoos. 

Figure 6.17: Nt'CJotizing lesion in the crop of a I'!r"9rine x Gyr h)'brid. ~udl Fig ur. 6.18: Trichomooas Qafi fI<le from the phaf\'11x of a Saker fakon . 
... ere lesions are .aJe "' lalcom. 

6 
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Flagellate enteritis 

Figure 6.23: Pro ozo.ll enlenus: F1agtllatt infKtion i1 VfI\' raft ,n lalcons and in 
this case no dinkal signs weI. obseMd. l mflhrauon of the 
mucosa is caused by nume<ous comma-s/laped orgalltsms (spooes not !den .!ltd) 
in a small imminal crypt. The organism IS difficult to see In HE·stalned se<t.ons. 
HE stain. 

Coccidiosis 

Figure 6.25: Catarrhal enteflUI of a Barbary lakon (Falco peiegnnOldes) Glustd 
by chronK Caf'jOlpOfa '1'. in KtIOll . CaryoIpOfa sp. COCCIdIOSIS IS a problem in 
young and caplive falcons. willie ldull birds develop some degree of immUtlity 
AffKtt!d bttds are u",ally stressed as a result of lraln ng 01 hunting and may 
de· .... 1op d,.nhoe •. HE sta . 

PrOlozo.l olllle al"""n",'1 uact 99 

• • • ~ • • , 
• • , , • • • • " • 
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• • 

Figure 6.24: ProtozOal In sJlver-sta.ned se<tlons. shape and SIZe of the 
flagellate OIganlsms are dearly "",bit due 10 the argymp/lytK rtaruoo 01 tho pro· 
tozoa. Grocon Slain. 

Figure 6.26: Coc<ldlal entHIIIS: f'lunM'lous cocCldian·stages 
(gamonu. oocyIlS) In the mucosa of tho smallintesune 01 a 
Gyr x Peregn/lt hybrod. HE Slain. 
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1 02 Pill~tlC Diseases -
Helminths 

Serratospiculosis 

Fi9ure 6.32: An aggrogatlon o[ Se"alosplcuJum sp. parasites In the alrsac of a 
necropsled Pl!regrille [.Icoo.ln many necropsied akons. or in falcons endOlCOped 
for detection of aspergll osi~ lesions CilUS<d by 5fffiIlospiaJium sp. parasites are 
ohtn dettc1ed E stain. 

Figure 6.34: large numbm of adult ~/i/rospkulum sp. filalial nematodes in 
Ih. abdomlnalairsac of • [alcon Qbser"ed during I'IdOlCOptC eJamlnation. The ab
dominal air sacs ... m to be the p,e[e<red site of adult ~larospiculum sp. para
SitIC colonisation. 

Figure 6.33: Numer0u5 SeHalosploJium ,po paJa"'es [,om lhe ai,sac of a Gy' fal
con. In the Mlddli' EaSl, S. sewari is the mosl COlMlon fakon parasite. HE 5tain. 

Figure 6.]5: PlOI'I'ntriculus of a Gyr falcon with so"", haemo,maglC nod. I!S. 

Altet ir"lostlon of InfeCled iIlsect~ the S.rr.lospiroitJm L3 I ...... penetra os the 
wall of lhe prolll!lllliculu5 and de'/tlops IIlto the adult filarial 'd\,t. wi hln the 

• 
.31r5oiK. 
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Figllre 6.36: Adult 5erracospiculum sp. parasite atta<hed to the airsac wall. The 
uterus o' the parasite contains numorous emb')llllated "99s, HE SIll n. 

Figure 6.38: Air lac ne<rO\~ lurrounded by fibrinous eJ<udates conta Ing 
numerous emblyonated Sermosplailum sp, "9gs. 1he pathogen6ty of tho pa,a
site Is unclear. ho_r an associated signili(am inflammatory reaction IIldY 
reduce per'Ofmance. PAS stain, 

S«ratospirulosls 1 03 

• 

Figure 6.]7: Numerous embryonated 5erracosplailum sp. eggs surrounded by 
fibflnous material attached to the air sac walt PAS stain. 

Figure 6.39: Air laC debris containing SDfMe I ... gal hyphae neJ<l to an embryo. 
nated SerTarmpimlum <p. egg. In some ~ SenatospKulOlis may trigger 
aspergiUosi~ PAS stain. 
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Figure 6.44: Falcons very COIMlonly eat beetles roaming 
around the perches. Thts is the rOUte III whICh the Infect"", l3 
larvae of Selr.tO$pKlllum seufatils acquired by the findl host. 

Figure 6.45: Endoscopoc vifw of adu 5<>, latospic:ulum SftJrdD nematodes on the 
air sa< w Is of a Sa dakon. 

• 

• 
• 

• 

Figure 6.46: An em~ted l l lallla of Sem![osp/clJIum seufilllobtained from Figure 6.47: All l1 lallla of SeJra[O$pKIIlum se<J",rlflOm a beetlt. 
the dl$seaion of a beetlt. 

6 
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Other helminths 

Nematodes 

figure 6. S 1: Pr<1l'entriculus: 1w(} nematode< located deep in the stomach gland 
complex wid> no assodated inilammalory ,eaction. PAS Slain. 

Figure 6.53: Higher magnlflc.atlon of Figure 6.S1. The paraslle Is filled with 
numerDllS emb~ted eggs. Size and shape a,e typical IOf Spirufjdae sPI' PAS 
stain. 

Other helminlllS 107 

Figure 6.52: Pro'lermiwlus; Simultaneous 5pifUfldae spp. and 5erralosplcuium 
sPI' mfeaion. The nematode il deeply eonbedded in the 110mach gland complex 
ne.ll0 2 SetratospicuJum spp. pa'~te~ which Invaded In Ihe seros.. PAS Slain. 

Figure 6.54: A small unidentIfied roundMltm in Ihe liver parenchYIll3 of • Gyr 
falcon with no assooated inilammalory feaaio"- PAS stain. 
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108 PiI'~sltJC Diseases 

, 
, 

Figure 6.55: An unidentified flIIUofilana frOOl a Sa"r fakon po,ibOned be",""n 
erythrocytes. 

Anisakidae 

Figure 6.56: II:>nocMrum dl'pressum from a Sakf, falcnn', ,mall intestine. 
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110 P",a5<11C Disea,es 

Cestodes (Tapeworms) 

Figure 6.60: llv~ unldl.'tltll '!d lape v.ormsln 1 e lumen of Inp 'rNll nrelr! 
of a G'f' 131(on HE 'lAIn 

Figure 6.6l: ClJdoraent" '''''. hplMlaphlodlte legments. Nume,oullestes are 
!}fOuped in 1\010 clusters lalera11v from Ihe emale reptOduClM' organs. Geo IAI PO" 
alternate 1rre<JUlarly.la«>.. acid ca"",n ,taln. 

Figure 6.6' : 1111\ P'C1u,e ,how, tfw> Sdme lapeworm of Figure 660. but from a 
d [f.,""1 Ioca""n oIlh \[,,,11 Iniestlll(> 1b~ are segment; of the uterus con· 
t31""'9 >t!W'fa.e9g$. IIf ruin 
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Chapter 7 

Miscellaneo Diseases 

Poor performance 

Bumblefoot 

Amyloidosis 

Gout 

Lead intoxication 

Ammonium chloride (schnather) intoxication 

This hapter deals with poor penOn1l3n e. bumblefoot.met3-
bolie di<e:lJeS, lead and ammonium chloride intoxication. 
These dise2Ses are quite common in hunting falcon and 
therefore haenUlol~'Y and biochemi try parameters a..., pre
scnted separately where posSIble. A can be clearly SCen from 
the resul . mOSt of the di e haw linle impact on haema
tolog)' values but m. result in ignifi ant alterations in bio
ehemi try value . 

Poor pen orman e of hunting f.Ucons h different causes. It 
at! be caused by "ubcLinical infection Itke chlamydophil i. 

S:tlmonell. infc tion. mild coc idiosi or overtnining. ignifi
cant incre"", in K, LDH,ALT. A T and GGT valu are ob
e"",d. mrucating liver and muscle mvolwmcnt. lron I ignif

icamly decre d nl..1y be due to absorption difliculti in the 
duodenum and upper jejunulll. 

Al1Iyloldosi I a life-threatening illnes of hunting falcoJl5, and 
scems to occur mOre often 10 yr falcon and Gyr hybrids. It 
i, otr.~ously een in onnection with chroni infections like 
~ pergill i. tuberculosi. hl.1ll dophilosi. trichomon i. 
bumblefoot and . i~cculiti . I1A.A T.ALT and GGT are ig
nificantly mcreased in cases of amyloidosi . In mOSt amyloido
is falcoJl5, a hyperglobmaeml3 is also o~n't'd. 

GOlll i a metabolic disorder prim.rily cau ed by kidney mal
function. and is u ually associated with urinary tract disea.se, 
prolonged dehydration, exogenous m'esses and nutritional dis
orders uch exees ive intake of protein and calcium. In these 
case , BU and UA are high. Howe\'t'r, pre-renal gour cases 
may die of gout ha~ng 1l0nnaJ UA levels. These ea arc of
ten found in .. roci3tion \~th c10stridi I enterotoxaemia. In 
general \'t'ry little is known about renal diseases in falcon and 
diagllosis is oft~n speculative. 

Lt. d or plumbism is the most conullon heavy metal 
to.xi icy in pove faJ on . It I used when faJ on ingest 
hidden hOlgun pellets from pigeon or nl3lllmal that have 
been shot. Lead poisoning leads to hypochromic macrocytic 
anaemia nd leV3tion f liver and kidney cllZ)'m . 

Ammonium chlorid is an inorgani salt. commercially aV3il
able a hygroscopi crystals or .. a white crystalline powder. 
In Ihe Middle E t, ammonium chlorid i best known a 
• hnathcr. and routinely admini t"red 10 falcon with the 
aim ofimpmvmg their hunting abIlity. Ho\vever, if the bird is 
not able to vomit the ingested crystal ",uhin 5 (0 10 minutes. 
it \~II die due to the highly toxic agent. 

GODY IQntea 'T lal 



Poor performance 

Table 7.1 : Hietll.'0Iogy and biochemistry value< of falcons suffering flOfil poor performan<e 

Parameters 

RBC 

HB 

HTC 

MCV 

MCH 

WBC 

HETERO 

LYMPHO 

MONO 

EOS 

BASO 

CK 

LDH 

ALT 

AST 

GGT 

BUN 

UA 

BA 

TP 

ALB 

GLOB 

IRON 

CA 

PHOS 

SI Unit> 

gldl 

VI 

fl 

pg 

.,0'11 

Ull 

Ull 

Ull 

Ull 

Ull 

mmolll 

~mol11 

~m01l1 

gil 

gil 

gil 

iJIIIOlli 

nM11011I 

n"nolll 

N 

123 

123 

123 

123 

123 

123 

123 

123 

123 

123 

123 

191 

191 

191 

191 

191 

127 

91 

160 

41 

41 

41 

92 

41 

36 

Diseased Falcons 

3.10 ± 0.29 

14.67 ± 1.71 

0.44 ± 0.04 

141.94 ± 8.63 

4732 ± 4.37 

10.51 ± 4.93 

58.30 ± 17.22 

37.18 ± 6.01 

4.27: 1.11 

0.03 

0.10 

& 1018 '" 97 

& 1398 ± 311 

& 123.02 ± 4010 

& 148.18 ± 10.21 

& 18.3 ± 7.4 

5.1:1: 1.9 

547±311 

21.5 ± 3.9 

26.7 ± 5.4 

101:t1.0 

16.6:1: 4.5 

.3.6 ± 1.7 

2.2 ± 0.4 

0.8 ± 0.4 

Mean:t SD 

Poor performance 113 

Refe,en<e Values 

3.21 ± 0.30 

14.95:t 139 

0.45 0.04 

139.85 ± 633 

46.42 2.55 

9.64 ± 3.96 

59.80 ± 12.87 

34.84 ± 12.88 

4 6± 2.77 

0.43 

0.16 

640±210 

1028± 385 

64.8 289 

93.1 ± 44.6 

14.0 ± 6.3 

4.7 ,. 1.8 

487:1: 267 

22.3 ± 4.7 

28.4 ,. 6.5 

10.4 ± 1.9 

180±46 

6 I ± 3.7 

24 :tOJ 

0.7 ± OJ 

• 

Gopy grted ater al 



114 Miscellaneous DIseases 

Bumblefoot 

figure 7.1: A mild farm of bumblefoo Figure 1 2' A mpd, "p case of bumblefarl!. 

7 

Figure 1.3: Bumble!oot beginS wnll a daIl< thKkened area In the centre oI1he figure 7.4: 1,1011 "-.ere (ase of bumbleloo! mU<! be (Ollected 511 9ICa Iv. 
sole of !he feet Thts i5 the resuh of the aCCllmulallOn 0 dead cells, debrts. blood 
and O!hel fluids. 



Figure 1.5: TIlt scab on the central plantar surface" ",moV!<!. Skin edges should 
be debrided and d~ with a su,table sutu", matenal. 

Figure 1.1: 1lIis Sa er faictJII. which suHered from bolat.,.1 
bumblefoot. " standing on a specially designed CASt to ,edUCt 
local pi"",,'e on the lesions. Ollfe,.nl "'s ng method. ha"" 
been est.lbhshed to JXOVlde comlort to the bud folloWing 
w'glCal Ueatmenl 

Bumblefoot 115 

Figur. 1.6: G,owth of SC"Phylococrus aurtuS on blood agar. In a..., 90 " of 
bumblefoot cases, SCQPIryIocOCM aufM i. ,soIated. 

Figure 1.8: Antibiotk utatmen is essenlkll fex the healong 
of bumblefooL It Is ,eccxnmended that an antimiaobl.ll senSi' 
tiVlty test i. perfonned on the bactenal 'IlK,es ISOlated. 

Gopy 
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Figure 7.9: efe errr f'" ~f'ftilIOIII and 
.. 1 n\l n . fO , ( • V I 1Pd .. th bact (til G, 

hlbfod "" in 10 • .,. b<Jmbl.lool. Ht Ilalll. 

7 

Amyloidosis 

Table 7.2: Haemalology and biochemistry values of 18 falcons 
suffering from amyloidosis 

Para· 
meters 

RBC 

HB 

HCT 

Mev 

MCH 

WBC 

HETERO 

lYMPHO 

MONO 

E05 

BASO 

CK 

lDH 

AlT 

AST 

GGT 

BUN 

UA 

SA 

TP 

ALB 

GLOB 

IRON 

CA 

PH05 

51 Units 

.'01l1~1 

gldl 

VI 

II 

pg 

.,0'/1 

Ull 

UIL 

U/l 

UIL 

Ull 

mmol/I 

I'fI'OI/I 

gil 

gil 

gil 

mmol/c 

mmolll 

Mean:t 50 
Diseased Reference 
Falcon' Values 

3.18:t0.34 321:t0.30 

14.67:t 1.53 14.95:t 1.39 

o 44 :t 0.05 0.45:t 0.04 

138.360. 8 00 139 8S± 6.33 

46.13 :t 2.93 46.42:t 2.55 

• 11 .420.1.03 9.64 ,003 96 

60.54 :t 2 I 93 59.80:t 12.B7 

33.14 1182 34.84 % 12.88 

621:tl.l0 4.46.0 2.71 

0.07 0.43 

0.04 0.16 

. 512 :t 140 640:t210 

nd • 1028:t 385 

. IB6.4 71.3 648%28.9 

• 199.4 :t 84.8 93.1 :t 44.6 

. 115.3 7.1 14.0 6.3 

. 6.7 :t 2.6 4.7:t 1.8 

470:t 195 <137 267 

. 200 22.3:t4.7 

• 39.3 :t 11.4 28.4 6.5 

11.6:t 1.0 10.4 1.9 

.27.7 :t 10,4 18.0:t 4.6 

. 8.3 :t 0.5 61 37 

2.6:t 0.2 24 :t0.3 

0.8 0.4 
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Figure 7.1 0; A Gyr falcon suffen",! from fa I amy oldos,~ In 1f"",,,.1 $tag~ 
Q'ef" mUles dIe leiedsed due 10 the c16tluOlOn of the live< parenthYlnd. These 
119n, Ma¥ be (OI1lu><d wrlh Indu"",, body hepall~ (herpes) llke thrs lakon. fal 
cons Wlln am)1oidosls can be 11\ excellent body (ond> 1011 

Figure 7.12: Liver 01 a Gyr falcon WlIh amyloidosis "'hlch exhlbllS a greenish. 
brown colour; dle livI!r Is enlarged and linn. 

Figure 7.11; A blood san pie !rom a Gyr falcon Witt fatal 
amyloldws. The blood was Cffilnfuqed Ihowrng a brownish· 
grey serum"'" rolour "tiMed by II!. d.,UUthOn 0 Ih~ flV r 
parenchyma. "le;;5l"9 bdl! AIO ''''' orcu(atory system. 

Am~looo, 117 

figUJ@ 7. 1l:Ml'm.J' ~r.9·'n.lal(OO with dmylOtdosl5c The ,.,. " enlorqed and 
bfovm yellow! . The ngnt uudal aJrSdC is opened and exhibit, wM,.n fungal 
Aspergllu, g,.nul~ Chronic aspergl ""IS has predisposed 10 I"" de\> lopmtnl 
of amyloidosis OUi' to the 9"1'''. progoo,i, h" bird was euwnlled, 

1 
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fig"'" 7.14: A leNlt Gyr [.tIceR Nllh ""J\oIOoSIS. Mas.s" hePillomega~ With 
11M'! exU~tlon on the StMQ\~ 

figure 7.1 G: AI Iytotdosb 01 the spk"" of a Gj hybrid large amy old -depe,Slts 
"' In y around large ... ,sels <1ltJSlng depltotion of tile Pilfl'fl(hyma. II>e spl ... " 's 
i"",*,1!d In mo C4~ of amylOldOllS. f sldln 

Figure 7.15: U·.", "'pan Ghl>Od by am,lOidoslS In a male Gyr falcon ... ,tM • 
large quantlr( 01 coagula! blood attached 10 the It 

Figur. 7.17: M <s~.p mylO"j.rJ.\'pOSIl n Ih~ o.SI'1I'8C. Q a Gyr h)brld tauS
"'9 atTopl y o! 1 hver p.Ml!<1(hj'T1a resulhAg n d:/SluntllOn (green mUl.! As In 
other aVI,,,, most probably AI> amyloid IS Involv!>d on I,tcon -my10;ooll PM 
sja n 
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Figure 7.18: Amjloldosis of a Gyr's kidney: Amyloid depoSIts on the medtJllaIy Ill' 
ters tium. Glomerular depoilts are rarely sel'n In fa lton~ Amyloid (an be 1/IW' 

allied also by Tllto"avin Of Congo red st.1ining. PAS stain 

Gout 

Figure 7.19: Vlsc:eral gout of a Gyr falcon. Mer the long and hot summ.r sea· Figure 7.20: A dose-up of the same falcon as In Fig .... 7.19. 
son, an ,ncreased ,.,mber of falcons regularly die in the Middle East from VlScer· 

aI gout. It is Ii Iy that the disease is trigcped by prolonged dehydlattOr\, BUN and 
UA values in this bird were 10, I mmoll1 and 812 ~, resp«lJYfly, 

Figure 7.21 : WhltlSh depoSIts III the oesophageal mucosa. In cases 01 visceral 
gout. urate deposits <an be foond wi in Of on the surface of ny Olgans. 

Gout 119 
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120 MIscl>llaneous OI5"al" 

Flg"re 7.22: Swell.. Idn~ 01 a Gyl falcon w.lh the )'PiCii m ha' while spolS 
In the pa'ell<hyma. " flndll19 which IS P'lhognomoc: for 90\11 

Figure 7.24: Hrgher I1ld9mlt<allon of ~Igu'e 11311>0", n9 .. I nSlve lubula' 
neGOSi' surrounded by urate del'O"lS HE slain 

Figure 7.B : Renal gout Muilifocal renal lubolar Jll!(r~1S W th large pale 
ne<rOl1( foel (hrghl.gh!1'd In rod) (tjplcal for waw, deprNal",n) and numerous 
<Ina I daft ura:. dl'jlCsIU Ihl9hlt<jhled In blue). M lea, In falcons In Ihe Middle 
[~I. Wall'! deprlv;uJOn ,..e"', lO bt a maior CilUSP 01 goU1 despot. water betn9 
readily 0I311aoie HE ,taln 

Figure 7.25: Altm goul Numerous urate c,,!,lais \VIm cen 3J radtatlon ,ur 
rounded by macropha~ forming granujomas. Urate crystals alu~ d,s\Illved In 
formalin In Ihis ""e. poe< per.elliltlon of lile !Jfl11alln relu ted In preservation of 
urate-<rysUlIi '" the tiswe HE 51. n. 
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Figure 7.26: Gout of the Man, Ural! deposits within tho myocardium of a Gyr. 
I'I!regrine hybfid causing granulomatou, lesion" The urate c'Y'taJs have disap· 
peared during formal", fixation, However, h. orlginal 'hape of the previously 

c'Y'lais is stnl visible, HE sial", 

• • • 
• , 

• • • 

" • f 
, 

• • • 
• 

GaUl 121 

Figur. 7.27: Sobrutan.aus gout indicAted by who e deposits on tne abdominal 
muscle of a Gyr falcon, 

7 

Figur. 7.28: GllIIlulom.atous encep/lalitls In a Gyr falcon caused by urate de· Figure 7.29: o<Huse urate dtposllS in the proyentriculus gland of a G\'I I.loon. 
posits. 
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Ammonium chloride (schnather) intoxication 

Figure 7.34: Stomach lining of a clinically nomlill Saker lalcon. Note the hea hy 
pin appearance of tb. mucosa. 

Figure 1.36: Cropol a Pereg me fateon with a WI)' thin tranSparent mUCosa with 
ammonium chlOride to.l<icosis. HE Stain. 

Figure 1.35: Stomach I"'ing of a (alcon thai died 0 ammonium chloride loxlc:o
si" Note the It .... con9."ion and multipl. h •• mormages of the mUCDSa. 
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AmfT1Of1jum chloride (,chnather) IntOXICation 125 

Figure 7.37 . : Thin epilhehum of a crop of a Saker falcon conSISting 01 only I.... Figure 7.37 b: Crop epithellum Of a dinO(al1y normal Peregrine fakoo. HE slain. 
I~rs 01 cells without ketaumsation; no ,nHammation seen The aClrVated crop 
glands show hyperleerolion. The thin crop eprtheliwn is a Sl9n 01 anvnonlum cillo-
ride intOXICation. HE IlalO. 

Figure 7.38: This piaur. ~ lhe neulotolic efleas of the drug In • Saker fal· 
con: Mart.d perineuronal oedeIna and gfiosi!.. Toxlcologiul analysis oj lhi' case 
r .... led an ammonium chloride conlent of 3 mg per 9 Intestinal (ontent. HE 
stain. 
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Muscle 

Figure 8.5: Pectoral muscle. Massive a<Ute myodogoneration in a Gyr x Peleqrino 
hybrid. Myodeqeno.aliOn may occu. alte< txlensivt e'erci,. (bunting). HE ,,,"n. 

Liver 

figure 8.1 Hepoli( haemocn.om t()S. naG f. 00 led aec"" ul.,,,,o 01 

lTlO>tder n n up f • ( I. fo.m,ng ,m II gran< loma,. To a eMalO Men th"" 
a oormal finding. SoII.r. ha."."lderosi, in fakon may be lin ed WIth (Ona",eOl 
infecoou, diwases. 

LNer 127 

Figur. 8.6: Hig/le< magrllficaliOn 01 Figure 8.5. swollen, fibres 
,hawing hyper contracted hyaline 1f9"M!lIts and IIocculaHjeqff1eratJOn In SlJCh 
acute caleS no inflammation ~ seen HE Slain 

Figure 8.8. H<patlC hu.III"" rom.'c a Gyr x ""' II hy.d um.OO\ 
hepatocytes «()I talnrng.Jlla 9' dor Drov.' gra. la. of he omo., gllll'nt I 
(onu~t to iron 'torage dl,.as. of some avian 'pe<JeS. haelllOlldenn accumula· 
tion in hepatocyte< i, ra •• .nl always bnked With acrumulauon in Kupffer cells. 

Gopy 
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128 ~.1f5 ot Unknown Aelool"9\' 

• • 

, 
figure 8.9: [,,,,,,. MilliJ><!!ltd.".. af the p"""$ space In • Gyf falcon caus.ng 
.!roph·, of the hepa!ocy'IiC ,he ts lhl' ~"' " lI'ual't' hn·N! w,!h cardJovascu
,." pro Iem\ HE SI" n 

Figure 8.10: IOlelStlual htpa~us. AtrumulaMn 01 monClOud •• f cefls ~'I to a 
GII,\OO', trla·,,,ie Ihl' leSion" ><!ry olren round 10 a low e'lent. and mD\t prob· 
ably r~lt$ from • prf"llOU\ acuW InllommalOI) re.ponse HE SldlO 
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Chapter 9 

Vaccination • Ime 

Vcry littlc is known .bout the dEc.cy of ,'.CCIl1< in F.I
(olliddf, 0 f~r no va cines h."e been olli iall approved for 
u. c in falcon. How"v.r, we reronunend th~ following 1-

nation programme for viral, bacterial and fungal di eas , 

Figure 9,1: A Saker falcon is subcutaneously vaccirr.Jtod rn a tho neck with • 
PMV·l vacCIne. 

Tabl. 9,1: Vaccination programme for falcons 

Disea-se Vaccine 1" vaccination 

live attenuated f>-9weeks 

Paramyxo 1~IValod 01/ f>-9weeks 
adluvant 

lIt,pb live anenuatod f>-9 weeks 

Clostridiosis lnactiv.tod Al(OH), f>-9_Ics 
toxoid 

Oosuidlosls Hypeflmmune serum, Acuted_ 
1-2 ml Lv 

Salmonella live 4 x 10' du <Hiwe ks 

Chlamydopholosls /nactNalod C psmad <Hi _ks 

1~IVillod toxoid <Hi wt'fics 
plus spores 

129 

Boosl.r Repeated Paniculariti.s 
Vaccination 

Alter ~ weeb Annually1 AOFA Abu DNbI 
falconpox Varone 

Mer 4 'ffl!eks Annually? DliFaPA, ~ SIt ns 9 
Dlibal falcon 
Paramyxowus VacCIne 

Ah-er 4 wuts Annually? OuF.He Oubal 
HerpesVIrUS Varone 

AItPr 4 .... Ics Annually? Ent ... ovae 4 
C pedfrngensA Strains 

- - Producod In eggs 
agamsl4 strains 

Alter 3 ~b Annually? SalmovacF 
5, trf/h,mt,l(.um 

Alter 3 w •• b Annually? In pr.paratoo 

After 3 WEEks Annually1 In expenhlental phase 
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