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INTRODUCCIO 1

1. La regressio racial i la importancia de

la conservacio

La regressié racial és un fenomen que obviament no afecta tan sols a
T'espécie asinina. La davallada en el nombre mundial de races afecta de forma
~dramatica a totes o quasi totes les espécies (Hall i Ruane, 1993), i sorgeix la
controvérsia de si shan o no de conservar (Maijala i col, 1984; Simon, 1984,
Land, 1986). Al predre's les races, es perden els gens que porten, i el problema
més greu és el gran desconeixement que tenim de moltes d'aquestes poblacions
amb tendéncia a l'extincid, en quant a la seva resposta a la millora genética, a la
seva productivitat en un medi ambient, a si sén o no portadores d'alguns gens
majors interessants i valuosos -en els moments actuals o en el futur- que no es
trobin en altres races, al seu poder d'heterosi per a realitzar encreuaments, etc.
L'afirmacié de Mason (1974) de que "quaisevol extincié o desaparicié d'una
espécié 0 raga, representa un irreemplacable element de la diversitat de la vida
_que es perd”, hauria de ser ra6 suficient per a justificar qualsevol Programa de

Conservaci6 en les espécies i races en perill d'extincid.

No obstant aixo, cal donar uns punts de vista més objectius que pugin
Justificar aquests tipus de programes. De forma general i resumida, i segons Simon
(1984), Maijala (1987) i Anonim (1992b), podem enumerar com a possibles raons

valides per a la conservacié de les races les segiients:

Raons genétiques i productives: es fa necessari mantenir la varabilitat

genética de les poblacions, per poder adaptar-nos aixi a possibles noves necessitats
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productives (p.ex., canvis en la demanda de productes d'oﬁgen animal, adaptaci6 a
condicions ambientals canviants, resisténcia a determinades malalties infeccioses o
parasitaries, etc.), aixi com també a la produccié en condicions desfavorables
(p.ex., explotacié de recursos vegetals marginals no competitius amb I'home,
importancia dels encreuaments per a 1'aproﬁta1i1ent de Theterosi i la

complementacié de races, etc.).

Raons cientifiques: estudi de cada raga en particular per a la recerca de gens
tnics 1 valuosos, a través de la identificacid de QTL (Quantitative Trait Loci)
mitjangant analisi de genética molecular. La conservacié de les poblacibns també
proporciona un excel.lent material d'investigacio, el qual pot contribuir al millor
coneixement 1 interpretacid, tant en les espécies animals com en I'home, d'alguns
aspectes de I'evolucié, domesticacié, comportament, i els efectes de la seleccid
natural 1/0 artificial, entre altres.

Raons historiques i culturals: conservacié de determinades races com a
patrimoni genétic d'un pais i com a historia viva i paral.lela de les poblacions

humanes.

Raons ecologiques i ambientals: determinades zones ambientals sén el
resultat d'un clima, flora i fauna tipics i en perfecte equilibri. En aquest medi, per
la seva duresa o per les seves caracteristiques, no hi poden habitar d'altres
poblacions. L'extincié de les races podria arribar a deteriorar el medi i la simbiosi

ecologica de la zona.

Logicament, també ha sorgit per part de diferents autors arguments en

contra de la conservacio, contrarrestant, amb més o menys encert, les opinions
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conservacionistes. No obstant aixd, tothom es mostra d'acord en les raons de tipus
historicoculturals, emotives i de conservacié del patrimoni i de la biodiversitat
genetica, justificant aquestes, per elles mateixes, qualsevol "Programa de
Conservacié i manteniment de recursos genétics animals" que es pogués ‘posar en

marxa.

2. Situacié actual i perspectives futures

de la Raca Asinina Catalana

L'evolucié censal dels ¢quids a Espanya

La poblacié asinina espanyola, aixi com la cavallar i mular, ha anat
disminuint ininterrompudament durant aquest segle. L'Anuario de Estadistica
Agraria (Anonim, 1992a) dona unes xifres oficials d'ases d'aprbximadament
1.100.000 exemplars durant els anys 20 i comengaments dels 30, essent
actualment -dades del 1990- de només 130.000 animals (Taula 1). El periode en
qué es dona l1a gran davallada en el cens dels équids son les décades dels 60 i dels
70, probablement a causa de la intensa mecanitzacié del camp que es comenga a
produir a Espanya durant aquells anys. El cens d'ases de l'any 1980 sofreix una
davallada del 73% respecte al que hi havia I'any 1960. Centrant-nos en Catalunya,
l'altim cens, realitzat I'any 1990, indica que hi ha un total de 415 animals.
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Taula 1. Evoluci6 censal dels Equids a Espanya (ESP) i Catalunya (CAT) durant

el s. XX.
ASES CAVALLS MULES
ANY ESP CAT  ESP CAT ESP CAT
- 1929 1.006.000 598.000 1.154.000
1935 1.176.000 808.000 1.475.000
1940 851.000 592.000 1.139.000
1950 732.000 642.000 1.089.000
1960 686.000 506.000 1.158.000
1970 368.000 282.000 © 533.000
1976 253.000  3.702 262.000  13.301 281.000 15452
1978 232000  5.411 257.000  19.016 253.000  17.861
1980 188.000  3.252 242.000 9.233 199.000 6.264
1984 160.000  1.550 254.000  11.349 145.000 4.069
1986 140.000 928 248.000 9.256 117.000 2.603
1988" 131,000 250.000 110.000
1990°"" 130.000 415 241.000  22.027 100.000 543
1992 130.000 240.000 100.000
Font: Anuario de Estadistica Agraria (Anonim, 1992a).
* Catalunya: a partir de 1986 i fins el 1992, tots els censos fan referéncia a 'any 1986.

* & A partir de I'any 1988 les dades censals provenent de I'Anuari de Produccié de 1a FAO.
*#*+*  Fls cens de I'any 1990, referents a Catalunya, estan extrets d' Anonim (1991)
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Respecte a la Raga Asinina Catalana, el cens actual és molt reduit, i supera
en poc el centenar d'individus, una tercera part dels quals son mascles. Aquestes
xifres classifiquen la raga dins de la categoria de Raga Critica (< 100 femelles
reproductores) segons la proposta del Comité d'Experts de la FAO (Orgamtzaclo
de les Nacions Unides per a I'Agricultura i I'Alimentacid); aix0 implica que
aquesta poblacio esta en perill d'extincid, i que sense cap tipus d'accid, la seva
grandaria efectiva és inadequada per a poder prevenir continues pérdues

genetiques en generacions futures (Bodo, 1992).

Possibles causes de regressié racial

Tradicionalment la cria d'ases ha estat motivada per la seva utilitzacié com a
animal de treball i carrega o tir, éssent utilitzat tradicionalment al sud d'Europa en
el cultiu de la vinya, mentre que en el nord era utilitzat pel conreu de petites
parceles. L'altre s que se li donava a aquests animals era la produccié mulatera,

que altrament era orientada també cap al treball (carrega i tir).

Entre les possibles .causes que han fet que aquesta raga es trobi en perill
d'extinci6 podrien anomenar les segiients:
e Pérdua de l'aptitud treball, principalment degut a la intensa mecanitzacio
del camp 1 de les feines forestals.
o Habitat: el despoblament de certes zones i/0 la manca de reemplagament
dels ramaders vells.
e Tancament d'explotacions per manca de productivitat (insuficient

desenvolupament tecnologic i de formacio profesional).
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e Mala planificacio dels encreuaments amb animals d'altres races. Politica
de reposicio erronia.
e Manca d'informaci6 sobre la utilitzacio de les races autoctones.

e Lapolitica i el desenvolupament ramaders.

Les raons econdomiques poden fer que es limiti el nombre de races existents
eh un pais, argumentant que l'excessiu nombre de races dissemina els esforgos de
selecci6 en massa direccions. Els costos de conservacio i manteniment d'una raga
minoritaria, també poden ser un altre argument poderds, ja que encara no esta clar

quines haurien d'ésser les fonts de finangament.

Perspectives futures de Ia raca

En quant a les perspectives futures d’aquesta raga, el que sembla clar és que
no pot desaparéixer ja que és un patrimoni genétic tnic i valuds, i com diu Hall
(1993) "les races doméstiques locals son recursos genétics que han d'ésser

protegits com a part de I'heréncia mundial de la biodiversitat”.

En els temps actuals encara pot tenir una certa importancia economica; tant
la seva cria en puresa com per a la produccio de mules sobretot, i tal com
recomana el Comité d'Experts de la FAO (Anonim, 1992b), en les zones tropicals
i en alguns paisos en vies de desenvolupament, ja que aquesta espécie sembla ser
‘més important que no pas el cavall. L'exportacié de guarans o, en el seu lloc,
semen congelat, pot ésser interessant per a la millora genetica d'altres poblacions
asinines mundials. L'explotaci6 forestal, en zones de dificil accés, pot continuar

requerint els serveis d'aquests animals; en la mateixa linia, pot actuar com a
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element netejador de boscos per a la prevencié d'incendis forestals. La
comercialitzacié d'un producte d'alta qualitat, amb un important valor afegit, com
pot ésser la llet de burra, podria ser interessant en un mercat, encara que forga
restringit, perd d'un elevat poder adquisitiu. I ja per wltim, la important orientacié
de I'ase com animal de companyia i de turisme ladic (agroturisme) en zones de

muntanya.

3. Esquema global d'un possible pla de
treball per a la conservacio i millora de

la Raca Asinina Catalana

L'any 1978, 1 a causa de 1a greu situacié que travessava aquesta raga, es crea
a Banyoles 1'dssociacié del Foment de la Raga Asinina Catalana (AFRAC), per a
protegir, fomentar i millorar I'esmentada poblaci6. Dins d'aquest context va néixer,
a finals del 1994, la necessitat de portar a terme un "Programa de Conservacio i
" manteniment de recursos genétics animals" en aquesta raga, promogut i ﬁnancat
pel Departament d'Agricultura Ramaderia 1 Pesca (D.A.R.P.) de la Generalitat de
Catalunya, en col.laboraci6 amb la propia AFRAC i la Unitat de Genética i
Millora de la Facultat de Veterinaria de Barcelona (UAB).

El principal objectiu del Programa fou la conservacié de la poblacié en
forma d'animals vius i de material criogénic (semen, embrions, ...), aixi com el

manteniment de la maxima quantitat de diversitat genética possible. Aixi mateix,



INTRODUCCIO 8

una vegada assegurada la conservacié es podria plantejar una segona fase de

Millora Genética de la raga orientada cap a aquelles utilitats economiques que en

aquells moments siguin oportunes.

- Seguint les recomanacions i directrius marcades per la FAO, es pot dividir

el programa en 5 fases ben diferenciades, ordenades segons la seva realitzacié

cronologica, perd intimament relacionades per al bon desenvolupament i

assoliment dels objectius globals proposats.

L. FASE: DESCRIPCIO GENERAL DE LA POBLACIO

"L Recopilaci6é de dades preliminars d'interés general.

i

ii.

iv.

Localitzaci6 geografica.

Origeni entronc filogenétic.

Evoluci6 censal i situacié actual.

Possibles causes de regressio racial i tendéncia futura.
Perspectives futures de la raga i raons valides per a la
conservacio: estudis socio-economics que ressaltin la seva
importancia en la zona |

Caracteristiques  racials,  productives,  reproductives,

ecologiques, etc., d'inter¢s.

"IL  Inventari censal (real), registre i identificacié individual

(microxips).

Il. FASE: CARACTERITZACIO DE LA RACA

L Caracteritzacié morfologica: qualitativa i biométrica.

La caracteritzacié morfolégica de la poblacié permetra crear, reglamentar i

gestionar el Llibre Genealogic de la raga.
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L

Caracteritzacié hematologica i bioquimica clinica.

IIL. Caracteritzacié genética: polimorfismes bioquimics i marcadors

moleculars (microsatéLlits).

La caracteritzaci6 genética permetra entre altres coses:

analitzar els nivells de variabilitat genética de la poblacio,

obtenir valors mitjans de Consanguinitat,

identificar genéticaﬁlent els individus i realitzar proves de control de
paternitats,

identificar els individus més heterocigots per a la programacio

d'aparellaments.
IV. Caracteritzaci6 de l'estructuracié genealogica i demografica.
(analisi de les dades procedents dels pedigrees).
Ens permetra estudiar:

els parametres demografics tals com l'edat al primer part, temps de

-vida 1til dels reproductors, variancies de la grandaria familiar o

intervals generacionals entre d'altres,

ipera calcular els Coeficients individuals de Consanguinitat (F) i de
parentiu (r): Programar els aparellaments de forma que es procuri el
minim increment de Consanguinitat per generacio,

I'evolucié de la Consanguinitat (AF generacional i anual),

la probabilitat d'origen dels gens, per al calcul de 'anomenat fndex de
Conservacio Genetica (GCI) (Alderson, 1992) que mesuia el Nombre
Efectiu de Fundadors (f.) (Boichard i col., 1997) que hi ha en el
pedigree d'un individu. Aquest index és de gran utilitat per a conéixer
l'efecte dels ancestres fundadors per al manteniment de la variabilitat

genética.
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. PROGRAMA DE CONSERVACIO GENETICA "IN SITU".
Es a dir, la conservaci6 i manteniment d'animals vius, essent I'objectiu prioritari el
manteniment de la maxima quantitat de diversitat genética, amb el minim

increment de consanguinitat possible per generacio.

Els criteris a seguir son:

1. Augmentar la grandaria poblacional, i, en particular,
maximitzar el Nombre Efectiu de Reproductors (Ne).

ii.  Maximitzar la influéncia dels animals fundadors (mitjangant
I'Index de Conservacié Genética, GCI).

iii. Minimitzar les pérdues d'heterocigositat degudes a diferents
factors (consanguinitat, seleccid, deriva,...): Programa de
Consanguinitat Minima; programacié dels aparellaments a
partir de la informacio6 dels Coeficients de Parentiu (1), i/o dels
individus més heterocigots de la poblacié (informacié

procedent de 1'analisi dels marcadors moleculars).

IV. FASE: PROGRAMA DE CONSERVACIO GENETICA "EX SITU".
Quan els mitjans técnics i economics, aixi com la propia infrastructura del
programa ho permetin, es procedira a la conservacié "ex situ" del material
genétic, mitjangant:
1. Conservacio criogénica de semen 1 embrions

il Conservacid d ADN

V. FASE: PROGRAMA DE MILLORA GENETICA.
Aquesta fase, logicament, es portaria a terme quan la poblacio ja estés fora de

perill i l'increment de consanguinitat no representés un greu problema.
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Objectiu de seleccié: intentar millorar genéticament algun caracter d'interds
| economic de la poblacio.

Criteris de selecci6: a decidir en el seu moment, provindran de la informaci6
recollida dels caracters morfologics, de bompoﬁament, i/o productius.
Metodologia d'avaluacié genética: Index de Seleccié i metodologia BLUP

(Model Animal) per a I'avaluacit genética dels reproductors.

Nota: Tant 1a conservacié "in situ" com "ex situ", tenen de forma individual

avantatges i1 desavantatges, pel que de forma Optima s'aconsellaria una combinacié
d'ambdues. ,

Les poblacions "in situ" permeten demostrar de forma ‘més palpable els resultats
d'un pla de conservacid, evitant aixi mateix que la raga no caigui en l'oblit del
poble. També permet l'estudi i observacié permanent dels animals fent possible
l'estudi de noves caracteristiques desconegudes que podrien ser interessants en un
futur. Aix0 no seria possible en un programa de conservaci6 "ex situ". Altrament,
el fet de conservar un pool d'animals vius possibilita que els productes que es
puguin obtenir de la explotacié d'aquests, es puguin comercialitzar, i d'aquesta
forma minimitzar els costos que suposen el manteniment de la poblaci6 viva. En
canvi, els plans de conservaci6 "ex situ" necessiten un cert desenvolupament teécnic
i es corre el perill de que el material congelat pugui ser malmés per negligencia
humana (posem pel cas un banc de semen), tot i que son fora de perill de possibles
epidémies que afectarien als animals vius. Pero potser el que millor justifica la
combinaci6 d'ambdos tipus de programa, és que la conservaci6 "in situ" té unes
despeses de manteniment molt més elevades que el programa "ex sifu", fent que

només es puguin mantenir poblacions de grandaria reduida.
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4. Objectius.

* L'objectiu Gltim 1 fonamental del Programa és la conservacio, manteniment i
millora dels animals que integren aquesta raga. No obstant, aquest és un objectiu
massa global i a llarg plag, pel que es fa necessari desglossar-lo en altres més
- senzills, concrets 1 d'assoliment a curt o mitjad plag, els quals configuren les
- diferents propostes assenyalades en I'actual treball de tesi.

Objectiu general de la Tesi

El present treball de tesi que aqui presentem té com a objectiu general poder
donar als diferents criadors una série de pautes i recomanacions per a establir un
programa de conservaci6 "in situ" optim i coherent en la Raga Asinina Catalana, és
a dir, la realitzacié de les tres primeres fases de l'esquema global proposat de
conservacio i millora, i que correspén al titol de la present tesi: "Programa de

| Conservacié i Manteniment de Recursos Genétics Animals en la Raca Asinina

Catalana”.

En les poblacions de reduida grahda‘m'a poblacional, com ¢és la nostra, els
problemes derivats de la consanguinitat solen ser importants, fonaméntalment per
dos motius: per l'anomenada Depressié Consanguinia, que comporta una
disminuci6 en els rendiments mitjans dels caracters quantitatius, sobretot aquells
rel.lacionats amb la reproduccio (fecunditats, taxes d'ovulacio, prolificitats, etc...),
i per tant, resulta obvi que aixo s'ha de tenir en compte per a evitar uné disminucid,

no desitjada, del cens poblacional; i per a evitar, aixi mateix, una disminuci6 de la
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variabilitat genética de la raga degut a la creixent homocigositat que comporta la

consanguinitat.
Per tant els dos objectius fonamentals propostats a curt termini seran:

1. Evitar la disminucio (i/0) extincio del cens poblacional.

2. Aturar les pérdues de variabilitat genética d'aquesta poblacio.

El Programa de Conservacio que s'instaurara tindra com a objectiu prioritari

¢l manteniment de la maxima quantitat de diversitat genética, amb el minim
increment de consanguinitat possible per generacié. Per a tenir en compte

aquest objectiu, el criteri d'eleccio per a I'aparellament optim d'un guara amb una
somera, hauria de ser aquell que maximitzes I'Index de Conservacié Genética

(GCI) i minimitzes la Consanguinitat (F) d'un hipotétic fill de la parella.

Objectius especifics

Objectiu 1 : DESCRIPCIO GENERAL DE LA POBLACIO.

1.1. Recopilacié de dades preliminars d'interés general.
1.2. Inventari censal, registre i identificaci6 individual amb

microxips.
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Objectiu 2 : CARACTERITZACIO DE LA RACA.
2.1. Caracteritzacié Morfologica: Tant a nivell qualitatin com

morfométric. Establiment del prototipus racial i analisi de les rel.lacions existents
entre les variables biométriques.

2.2, Caracteritzacié Hematologica i Bioquimica Clinica: Descripci6

dels perfils i rangs de normalitat de la raga. Comparacié amb altres poblacions
asinines mundials.

2.3. Caracteritzacié Genética: Analisi de polimorfismes bioquimics i

marcadors d'ADN microsatél.lit per a I'estudi de l'estructura genética poblacional.
Obtenci6 d'una eina fiable per al diagnostic de patemnitats.

2.4. Caracteritzacié de l'estructura Genealogica i Demografica:
Analisi dels diferents parametres demografics que incideixen sobre el Nombre
Efectiu de Reproductors (N:) i conseqiientment sobre l'evolucié de la
consanguinitat (F). Obtencié dels Index de Conservacié Genética per a la

- programaci6 d'aparellaments.

Objectiu 3: VIABILITAT DE LA RACA ASININA CATALANA
| SIMULADA PER ORDINADOR.
Prediccié del que passaria en un futur més o menys llunya si no s'instaurés

cap Programa de Conservacio en aquesta poblacio en perill d'extincio.
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S. Antecedents bibliogrz‘lﬁcs |

Descripcio general de la poblaci6

Origen i entronc filogenétic de la raca

Encara avui, hi ha gran discrepancia entre els diferents autors sobre els
| origéné dels Equins, no obstant es pot considerar al Pliohippus o Plesihippus, com
l'antecesor del génere Equus en totes les seves formes. El génere Equus es va
desenvolupar probablement al Nord del continent america, d'on va passar a -
Europa, Asia i Africa. Al final del Pleistocé o comengaments de I'Holocé (fa ara
uns 9.000 a 10.000 anys), Equus va desaparéixer completament del continent
America, desenvolupant-se a partir de llavors unicament en el Vell Mon (Ravazzi,
1991).

‘El génere Equus conté sis subgéneres: Asinus, Hemionus, Equus,
~ Dolichohippus, Hippotigris i Quagga. No obsfant, tant Corbet (1978) com Bennet
(1980), basant-se en estudis de troballes arqueologiques, només en reconeixen dos,
el Equus asinus, descendent del Astrohippus, amb tres especies: E.a.asinus,
E.a.hemionus i E.akiang, i el subgénere Equus equus, descendent directe del

Dinohippus, amb cinc espécies: E.e.caballus, E.e.quagga, E.e.burchelli, E.e.zebra

1 E.e.grevyi.

El procés de domesticaci6 dels ases s'inicia durant 'Holoce (fa uns 8-10 mil
anys) a la zona nord-est d'Africa, disseminant-se posteriorment cap al sud-oest
d'Asia i sud dEuropa (Littauer i Crouwel, 1979). Les troballes més antigues d'ases
domestics daten del 4.000 A.C., trobats a Egipte i associats a d'altres esquelets
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d'animals domeéstics. Als voltants del 3.000 A.C,, ja comericen a veure's murals on

l'ase és freqiientment representat i utilitzat com a bestiar de carrega.

Fins a principis del 3er mileni A.C., els ases doméstics no van aparéixer al
sud-oest d'Asia. A I'ndia i Paquista, no es troben oésos d'ase doméstic fins al
2.000-800 A.C. A Europa, la domesticacié de l'ase es dona més tard que a I'Africa
i Asia, i tenint en compte que la seva adaptaci6 a climes humids i freds és baixa,
mai van arribar a ser gaire nombrosos en les terres del nord. Asia Menor, sembla
ser que va ser el punt a partir del qual es van introduir els ases a Europa, a través
dUcraina, Russia i la peninsula dels Balcans. Hi han evidéncies de la preséncia
d'aquests animals é Ucraina que daten del 800-900 A.C. Des dels Balcans, l'ase
arriba a Italia, produint-se la seva expansio a la resta dEuropa de forma paral.lela a
les conquestes romanes. No obstant, algunes poblacions d'ases de 'la Peninsula
Tbérica provenen directament d'animals que van passar des d'Africa a través de
I'Estret de Gibraltar (Epstein, 1984).

Hi han forga discrepancies sobre l'origen de les races d'ases actuals, pero es
poden diferenciar dues tendéncies bastant clares. Una, defensada per Epstein
(1984), Clutton-Brock (1987) i Camac (1989), els quals defensen que les actuals
races asinines semblen venir de dos troncs ancestrals: 'Equus asinus africanus, o
Ase de Nubia, nadiu de la Conca del Nil, i 'Equus asinus somaliensis, o Ase de
Somalia, que consequentment hauria donat lloc als ases del Sudest asiatic i
probablement també a la majoria de les races europees, entre les que es trobaria la
Raga Asinina Catalana. Un altre grup d'autors com Sanson (1911), Dechambre
(1921), Romagosa (1959), Aparicio (1960), Sotillo i Serrano (1985), mantenen
també la teoria de que haurien existit dues linies ancestrals, una originaria del

Nordest d'Africa que correspondria a ' Equus asinus africanus, i l'altre I'Equus



INTRODUCCIO 17

asinus europeus, on la seva area d'influéncia seria la Conca Mediterrania,
concretament les Illes Balears, d'on haurien sorgit la majoria de races asinines

europees, i també aquesta raga.

Influéncia de Ia raca asinina Catalana en altres races mundials.

Diverses troballes fossils, a diferents indrets de Catalunya indiquen que la
preséncia d'ases en aquesta zona del sud dEuropa data de ja fa uns quants milers
d'anys (Romagosa, 1959; Torres i col., 1983). No s'han realitzat estudis objectius
per a la dataci6 d'aquests fossils, encara que tot sembla indicar que podrien ser del
~ final del periode Quaternari.

| Les races espanyoles d'ases han tingut forga importancia en la formaci6 i
millora d'altres poblacions, sobretot europees. La raga asinina Catalana ha
- contribuit en la millora de la raga francesa Poitou, preferentment per a augmentar
la talla i millorar el poder genésic dels seus animals (Romagosa, 1959; Torres i
col., 1983; Parés i Vilard, 1994), encara que la raga espanyola que més ha
contribuit en la formaci6 del Poitou ha sigut la Zamorano-Leonesa, exémplars dels
quals van ser exportats a Franga dufant el regnat de Felip V (Torres i col., 1983,
Sotillo i Serrano, 1985). La raga Andalusa seria segons Sotillo i Serrano (1985) la

precursora de /’Ase Brasiler o Lagoa Dorada.

Més important ha sigut la influéncia que ha tingut la raga asinina Catalana
en diferents races italianes, contribuint de forma decisiva en la seva formacié i
millora. Entre aquestes podem anomenar les races Pantellaria, Martina-Franca 1

la Siciliana o Ragusana (Romagosa, 1959; Aparicio, 1960; Torres 1 col., 1983;

t
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Epstein, 1984; Sotillo i Serrano, 1985; Parés i Vilaro, 1994). Sotillo i Serrano
(1985) també assignen una certa influéncia de la raga asinina Catalana en les races

mediterranies Maltesa i Xipriota, originaries d'ases africans i asiatics.

Per6 a on tots els autors es manifesten d'acord en quan a la directa 1
decissiva influéncia de la raga asinina Catalana en la formacié d'una raga, és en
I'Ase Arhericc‘z (Romagosa, 1959; Aparicio, 1960; Briggs, 1971; Tofres 1 col,
1983; Epstein, 1984; Sotillo i Serrano, 1985; Parés i Vilard, 1994), també
anomenat Ruc de Kentucky o Mammoth en honor al que és considerat com a millor
semental fundador de la raga, anomenat "Imported Mammoth" que arriba a
Charleston (Carolina del Sud) I'any 1819, procedent de Catalunya, éssent emprat

de forma massiva en les zones dels estats de Kentucky, Tennessee i Missouri
(Briggs, 1971).

I ja per ultim, comentar que diferents autors fan referéncia a les diverses
exportacions realitzades de rucs catalans, a les darreries del segle passat i també
durant l'actual, a llocs tan llunyans i dispersos com Alemanya, Algéria, Argentina,
Australia, Brasil, Canadé, Congo, Cuba, Gran Bretanya, India, Madagascar,

Méxic, Repﬁbliqués Centre-americanes, Sudafrica, Tunissia i Zaire.

Caracteritzaciéo morfologica

A la bibliografia hi han escassos estudis morfologics en 1'espécie asinina, i
en particular de la Raga Asinina Catalana. Els primers estudis sobre aquesta raga
varen ser els que a principis de segle va portar a terme el professor Rosell i Vilar

(1921) a partir de troballes arqueologiques i de I'estudi dels animals vius a I'¢poca.
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El Dr. Salvans en el seu traball "El garafién catalan” (1947) fa un estudi de les
principals zones de produccié de guarans a Catalunya describint les diferents linies
de cria a cadascuna de les set comarques productores de 1'época. De forma similar,
Ferrer i Palaus (1957) descriu tres zones on diferencia la seva importancia tant per

la qualitat dels productes com per la seva intensitat de comercialitzaci6.

Pocs anys després, el Dr. J.A. Romagosa (1959), en la seva tesi doctoral, fa
una acurada descripcié dels animals d'aquesta raga tant morfologica com censal.
Aquest estudi és particularment important perqué és el primer en el que es prenen
una série de mesures biomeétriques utilitzant-les posteriorment per a classificar als
individus d'aquesta poblacié utilitzant les sistematiques de classificacié de Bar6n
(1888) i Sanson (1911). També proposa una diferenciacié de les zones de cria

d'acord amb el tipus d'habitat, sistemes de recria i arees de comercialitzaci6.

El Dr. G. Aparicio (1960), en el séu compendi d'etnologia també fa una
descripci6 morfologica utilitzant els mateixos criteris de classificacié que pocs

anys abans havia utilitzat Romagosa per a descriure als animals d'aquesta raga.

Despres de les aportacions d'aquests autors, no es varen realitzar nous
estudis sobre aquesta poblacio, i totes les referéncies que hi han a la bibliografia
d'una o altre forma estan preses d'aquests estudis (Homedes, 1967; Torres 1 col.,
1983; Sotillo i Serrano, 1985).

En referécia a daltres races asinines espanyoles, n'hi han algunes
descripcions de tipus qualitatiu, i son molt escasses les de tipus biometric, éssent
realitzades generalment amb un nombre molt reduit d'animals i1 poques variables
analitzades (Aparicio, 1960; Homedes, 1967; Sotillo i Serrano, 1985).
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D'altra banda si que sén nombrosos els estudis morfologics 1 biométrics
realitzats en l'especie cavallar, éssent inclis 'espécie de referéncia a partir de la
qual es desenvolupen totes les variables biométriques. Cal destacar els estudis
portats a terme en els cavalls Pura Raga Espanyol o Andalas per Aparicio i col.
(1986); en ¢l cavall Arab per Fuentes i col.l (1987); en la raga de cavalls Lusitana
per Oom (1992); Oom i Costa Ferreira (1993) en el cavall Pur Sang Anglés a
Espanya per Hevia i col. (1993) i en el cavall Mallorqui (Parés i Payeras, 1997). Es
a partir d'aquests estudis biométrics que ens basarem per a prendre els valors de
referéncia i aixi poder interpretar les variables morfométriques considerades i els
index zoométrics calculats a partir d'elles, 1 d'aquesta forma poder definir les

proporcions i conformaci6 dels animals que configuren aquesta poblacio.

Des del punt de vista qualitatiu, per a procedir a la caracteritzaci6
morfologica de la raga ens basarem en les descripcions donades per Romagosa
(1959), Aparicio (1960), Homedes (1967), Torres i col., (1983) 1 Sotillo 1 Serrano
(1985), aixi com amb la informaci6 aportada per diferents ramaders o propietaris
de 'AFRAC i amb la nostra propia.

Caracteritzacié hematologica i bioquimica clinica

La determinaci6 dels perfils hematologics 1 bioquimic clinics ‘ens permetra
establir els rangs de referéncia o de normalitat en aquesta poblacid, aixi com,
‘estudiar els efectes del sexe i 1'edat sobre aquests parametres. Aquest tipus d'analisi
a més de ser important per a la caracteritzacio racial, poden ser de gran utilitat per

a la practica clinica veterinaria.
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~ Malauradament no existeixen estudis similars en alires poblacions asinines
espanyoles, perd si que hi han referéncies en altres poblacions mundials,
permetent-nos poder comparar els nostres resultats amb els obtinguts per aquests
autors. En concret, s'han realitzat estudis en poblacions d'ases britanics (French i
Patrick, 1995), americans (Brown i Cross, 1969; Nayeri, 1978, Zinkl i col, 1990),
francesos, italians i hindis (Gupta i col, 1994). De forma similar a la
caracteﬁtzacié morfologica, altres estudis portats a terme en l'espécié equina ens
varen servir per a comparar els resultats obtinguts en la nostra poblacié (Alen i
Archer, 1973; Rose i Alen, 1985; Jain, 1986; Kaneko, 1989; Bauer, 1990).

Caracteritzaci6 genética

La caracteritzacié genética d'una poblacié permet no només la identificacié
de cada individu de la poblaci6 per a la realitzacio de proves de control de
paternitats, sino que també pot ser de gran utilitat per a la deteccié d'aquells
individus més heterocigots de la poblacio 1 poder utilitzar aixi aquesta informacio6
per a programar els aparellaments, de tal forma que es minimitzi la pérdua de
variabilitat genética per generacié. D'altra banda també pot servir per a rel.lacionar

filogenéticament a la poblacié en estudi amb d'altres races.

Eﬁ aquest camp encara és més important la manca d'informacié
rel.lacionada amb I'espécie asinina que en els apartats anteriors, éssent encara més
dificil trobar treballs similars que poguem utilitzar com a punt de referéncia de la
nostra feina i per comparar els resultats obtinguts amb els d'altres poblacions

mundials.
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A nivell de polimorfismes bioquimics (proteines i enzims de la sang) és on
trobem més informacid. La taula 2 resumeix els diferents estudis trobats en

poblacions asinines i els polimorfismes trobats en els diferents sistemes estudiats.

Perd on es pot donar un gran salt qualitatiu en I'estudi de la variabilitat de
les poblacions, és amb l'estudi de l'dcid desoxirribonucleic (ADN). Actualment
aquestes técniques d'analisi de I'ADN s6n a l'abast de l'investigaci6 i shan arribat a
tecnificar molt, permetent un gran ventall de possibilitats. A 'ADN, trobem unes
regions on es repeteixen les mateixes seqiiéncies una i altre vegada, algunes fins a
milers (satél lits), centenars (midisatéllits) o decenes (minisatéllits) de bases
(Bruford i Wayne, 1993). En canvi n'hi ha d'altres on només es repeteixen alguns
nucleotids (microsatél lits, o altrament anomenats Short Tandem Repeats -STRs-).

Aquest ADN altament repetitiu (microsatél lits) és utilitzat actualment com
a marcadors d'elecci6 en I'estudi de 1a mesura de la variaci6 i l'estructura genética
de les poblacions (Goldstein i Pollock, 1997) ja que:

¢ ¢ls podem trobar dispersos per tot el genoma (Hamada i col., 1982)

e la variabilitat individual d'aquestes seqiiéncies és molt elevada, pel que

han esdevingut peces claus en la construccio dels mapes genétics de moltes

espécies (Weissenback i col., 1992; Dietrich i col., 1992; Zheng icol., 1993)

o les freqiiéncies al.léliques dels diferents loci venen modelades per I'atzar i

no per processos de seleccid que podrien modificar aquestes freqii¢ncies

(gens neutres).

e estan basats en técniques de PCR (Polymerase Chain Reaction) 1 son

molt facils de genotipar (Litt i Luty, 1989; Tautz, 1989) |

o la diversitat trobada en un marcador és facilment reproduible 1

- comparable entre laboratoris
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N'hi han pocs estudis que shagin portat a terme per a investigar el nivell de
polimorfisme en équids utilitzant microsatél lits, si ho comparem amb els realitzats
en altres espécies. I encara son menys els que han estudiat el polimorfisme de
I'ADN en ases. Només hi ha un estudi en que Breen 1 col. (1994c) estudien el
polimorfisme de 13 loci en 8 ases australians junt amb d'altres équids (cavall
domestic, cavall de Przewalski, onagre, zebra de Grevy, zebra de Chapman i zebra
de les muntanyes). A la taula 3 trobem el polimorfisme per a E. asinus en aquest
estudi, junt amb les caracteristiques del locus en qiiestié. Aixi mateix, a la taula 4
es resumeixen les caracteristiques d'altres loci analitzats en la present tesi i que no

figuren en el treball abans esmentat.
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Taula 2: Resum de les caracteristiques dels loci proteics estudiats en E.asinus.

Sistema Autors Polimorfisme Allels  Poblacio analitzada
Transferrina (TF) Osterhoff (1966) Si Sudafricanes
Singhvi i Khanna (1988) Si Hindis
Niece i Kracht (1967) Si ABCD Americanes
Bell (1994) Si idem Australianes
Menguzzi i col., (1982) Si idem Sarda, Ragusani, Amiatini,
Gubbio i Asinara
Albumina (ALB) Blake i Douglas (1978) Si C,D Americanes
Bowling i Nickel (1985) Si idem idem
Bell (1994) Si idem Australianes
Ouragh i col. (1996) Si idem Marroquines
6-Fosfogluconat Menguzzi i col., (1982) Si D,F,S Sarda, Ragusani, Amiatini,
Deshidrogenasa (PGD) ' Gubbio i Asinara
Bell (1994) Si idem Australianes
Glucosa Fosfat Menguzzi i col., (1982) monomorfica Sarda, Ragusani, Amiatini,
Isomerasa (GPI) Gubbio i Asinara
Bell (1994) monomorfica Australianes
Fosfoglucomutasa  Menguzzi i col,, (1982) St ES Sarda, Ragusani, Amiatini,
PGM) Gubbio i Asinara
Fosfatasa Acida (AP) Menguzzi i col., (1982) Si F,S Sarda, Ragusani, Amiatini,
‘ Gubbio i Asinara
Braend i Romagnoli (1980) Si AP Ttalianes
Alfal-B Glicoproteina Patterson i Bell (1991) monomorfic, perd Ag Australianes
(Al1B) al.lel especific .
Ouragh i col. (1996) Si ADD Marroquines
Protcina GC. Bell (1994) Si F,S Australianes
Quragh i col. (1996) Si idem Marroquines
Carboxiesterasa Kaminski (1970) no té activitat Franceses
Proteinasa Inhibidor Ketchum i Cothran (1989) Si C,DMT Americanes
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Taula 3: Resum de les caracteristiques generals dels microsatél lits estudiats en E.

Asinus per Breen i col. (1994c)

5'AGGTTCTCATTCTACCTACAAGG3'

Locus Codi Motiu | Seqiiéncia dels cebadors Grandaria (pb)
d'accés | Repetitiu | "primers" utilitzats allels  trobats
en E. Asinus.

HTG6' * TG S'CCTGCTTGGAGGCTGTGATAAGATY 84, 88,90

20 | SGTTCACTGAATGTCAAATTCTGCT?'

HIGS? 5CAGGCCGTAGATGACTACCAATGA3' 182

S U97528 TGy STTTTCAGAGTTAATTGGTATCACA3'

HTG102 * TGys | SCAATTCCCGCCCCACCCCOGGCAY 92
STTTTTATTCTGATCTGTCACATTT3'

HTG142 * TGy, |SCCAGICTAAGTTTGTIGGCTAGAAY 135
S'CAAAGGTGAGTGATGGATGGAAGCS'
5'AATGTCACCATGCGGCACATGACT3'

HMS1? S'CATCACTCTTCATGTCTGCTTGG3' 164

| X74630 TGis STTGACATAAATGCTTATCCTATGG3'
HMS3? ' S'CCAACTCTTTGTCACATAACAAGA3 163
X74632 | AC3 | ScCATCCTCACTTTTTCACTTIOTT
HMS5> STAGTGTATCCGTCAGAGTTCAAAG3 105
X74634 | ACp 5GCAAGGAAGTCAGACTCCTGGA3'
HMS6® S'GAAGCTGCCAGTATTCAACCATTGY 156, 158, 166
X74635| TGis 5CTCCATCTTGTGAAGTGTAACTCA3'

HMS7? » _ 5'CAGGAAACTGTTGATACCATC3' 167, 169

| X74636 | ACis STGTTGTTGAAACATACCTTGACTGT3'
VHL20* 5CAAGTCCTCTTACTTGAAGACTAG3Y 04
X75970 | CAgs 5'AACTCAGGGAGAATCTTCCTCAG3'

MPZ001° 5'GGCACTTGAGCTAACGTGTGTTGCC3 164, 168
728368 | AAAG, 5'CGGAGGAGGGCAACAGAGCCS'

MP 20026 728342 AC 16 S'GATCCCCCCTATTTTATATACAG3' 81,85

! Ellegreen i col., (1992), 2 Marklund i col., (1994), * Guerin i col., (1994), * Van Haeringen i
col,, (1994), * Breen i col., (1994a), ® Breen i col., (1994b), * codi d'accés no disponible a la base

de dades del GeneBank.
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Taula 4: Resum de les caracteristiques generals dels altres microsatél lits aillats d'
Equus Caballus que han estat utilitzats en aquesta tesi.

5'ATAAAGTGTCTGGGCAGAGCTGCT3'

Locus Codi Motiu | Seqiiéncia dels cebadors Intérval de
d'accés | Repetitiu | "primers" utilitzats grandaria (pb)
al.lels esperats
en cavalls
AHT4! 5'AACCGCCTGAGCAAGGAAGT3' 146-170
Y07733 | ACys 5'GCTCCCAGAGAGTTTACCCT3'
AHTS! 5'ACGGACACATCCCTGCCTGC3' 129-149
Y07732 | TGie 5'GCAGGCTAAGGGGGCTCAGC3'
ASB2! 5'CCACTAAGTGTCGTTTCAGAAGG3' 240-270
B X93516 TG24 5S'CACAACTGAGTTCTCTGATAGG3'
HMS?22 5'CTTGCAGTCGAATGTGTATTAAAT3' 218-238
S X74631 AC16 5'ACGGTGGCAACTGCCAAGGAA3'
HTG43 U97529 | (GT)GA | SCTATCTCAGTCTTGATTGCGAGACH 120-140
TAG) 5CTCCCTCCCTCCCTCTGTTCT3
S
HTG7* * TCyp | $CCTGAAGCAGAACATCCCTCCTTGS 118-130

!Perkin Elmer Applied Biosystems (Equine Paternity PCR Typing Kit, 1996), 2 Guerin i col.
(1994), > Ellegren i col. (1992),* Marklund i col. (1994), * codi d'accés no disponible a la base de
dades del GeneBank.
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Caracteritzaci6 genealogica i demogrz‘lﬁca'

La finalitat de la caracteritzaci6 genealogica i demografica de la Raga
Asinina Catalana és poder establir els criteris i pautes de reproduccié més
apropiades per a assolir els objectius fonamentals del Pla de Conservacié "in situ"
que son: ¢l manteniment de la mixima quantitat de diversitat genética amb el

minim increment de consanguinitat possible per generacio.

Tampoc existeixen en aquesta area estudis basats en poblacions asinines, ni
espanyoles ni mundials. Aixi doncs, altra vegada s'ha hagut de recorrer a estudis
similars fets en altres pobiacions equines. Estudis poblacionals com els de Mac
Cluer i col. (1983) en cavalls Standardbred, Tunell i col. (1983) en cavalls Quarter,
Gandini 1 col. (1992) en el cavall Haflinger italia, Klemetsdal (1993) en el cavall
“Trotador Norueg 0 Moureaux i col. (1996) en races de cavalls de carrera i sella
francesos, ens varen servir de model per analitzar i comparar variables de la nostra
poblacié d'ases. També ens varem servir d'estudis tant interessants com el que
Boichard i col. (1996) fan de I'analisi genealogic de races bovines lleteres de

Franga.

Es ben conegut que lincrement dé consanguinitat per generacié (AF) és
inversament proporcional a la Grandaria Efectiva de Poblacié o Nombre Efectiu
de Reproductors (N), segons la rel.lacio AF = 1/2N. (Falconer i Mackay, 1996),
per tant, per a minimitzar els increments de consanguinitat en futures generacions

s'hauria de procurar maximitzar aquest N, en la nostra poblaci.

Maijala (1974) adverteix que el rang critic per a la grandaria efectiva de

poblacié oscil.la entre 10 i 50 individus, éssent les pérdues de variabilitat genética
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del 1% per generacié amb un N, = 50 i del 10% per a N, = 10 animals. En
poblacions petites com aquesta, I'increment de la consanguinitat pot ser controlat
amb una acurada planificacié dels aparellaments. Si la genealogia dels animals de
la poblacié és coneguda, és possible crear un pool d'individus que repfesenti el
maxim nombre d'animals fundadors de la poblaci6, i aixi els animals seleccionats,
comparteixin el minim nombre possible d'ancestres comuns. D'aquesta forma

també frenem les pérdues de variabilitat genética degudes a la deriva.

Aquest N, depén també d'altres parametres reproductius i demografics com
els intervals generacionals (L), la ratio femelles-mascles reproductors, el nombre
de descendents de cada reproductor (es a dir, de les variancies de la grandaria
famjliar), etc. (Hill, 1972). Els intérvals generacionals a la seva vegada venen
determinats per 'edat dels reproductors quan neixen els seus descendents i per la

durada de la seva vida reproductiva.

Aquests parametres i el nombre total de descendents que cada reproductor
deixa a la segiient generacid, venen afectats, logicament, per la politica de
reproduccio i cria (Klemetsdal, 1993). Aquest efecte ve mesurat per les variancies
1 covariancies de la grandaria familiar, és a dir, el nombre de cries que cada
progenitor deixa a la segiient generacid, tenint també en compte les quatre
possibles vies de transmissié dels gamets (Latter, 1959; Kimura i Crow, 1963,
Hill, 1972) |

Perd pot ser que la importancia que s'ha arribat a donar a la medici6 del
Coeficient de Consanguinitat (F) en la presa de decisions de qualsevol Programa |
de Conservacio de Recursos Genétics hagi estat exagerada (Alderson, 1992). La

mitjana del Coeficient de Consanguinitat en una poblacio no és bon indicador de
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fins a quin punt dos individus. escollits a I'atzar en una poblaci6, poden estar
rellacionats per ancestres comuns (Bodd, 1990). El Coeficient individual de
Consanguinitat indica el probable nivell dhomozigocitat d'aquest animal perd no
prediu el nivell dhomozigocitat de la propera generaci6. Si la Consanguinitat
continués creixent en una poblaci6 petita, es reduiria drasticament la variabilitat
genética. D'altra banda, el calcul del Coeficient individual de Consanguinitat és
molt sensible a la qualitat de la informaci6 genealogica que es disposi. Hi han
~ moltes situacions, on part de la informaci6 no esta disponible, i aixd pot provocar

un considerable esbiaix en el calcul d'aquest coeficient.

Un dels objectius dun Programa de Conservacié és retenir el maxim
nombre d'allels de la poblacié fundadora. Idealment, si un individu rebés igual
contribucié dels ancestres de la poblaci6, es maximitzaria la retenci6 d'al.lels
fundadors (Rochambeau i Chevalet, 1989; Giraudeau i col., 1991; Alderson, 1992;
Diellali i col., 1994). |

Tenint en compte aquests problemes, Dickson 1 Lush (1933), James (1972),
~ Lacy (1989), Alderson, (1992) i Boichard i col., (1997), proposaren una
aproximacié complementaria, i és I'analisi de les probabilitats d'origens dels gens.
En aquest métode es mesura la contribucié genética efectiva dels animals
fundadors (f.), és a dir, els animals ancestrals que no tenen cap pare conegut, de la
poblacid base en estudi.

Aquest nombre efectiu de fundadors (f.) en una poblacié equival a I'index
de Conservacid Genética (GCI) descrit per Alderson (1992). L'anica diferéncia
entre ambdos indicadors, és que el GCI mesura la probabilitat d'origen dels gens

per a cada individu de la poblacié en referéncia als seus ancestres i al seu propi
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nombre efectiu de fundadors (Boichard i col.,, 1997). Aquest GCI podria ser
utilitzat pels criadors en el moment d'escollir aquells animals que millor retinguin
la variabilitat de la raga (Alderson, 1992). D'aquesta forma s'asseguraria que el
maxim nombre d'ancestres fundadors quedessin representats en la segiient

generacio.

Estudi de la viabilitat d'una poblaci6 en perill

d'extinci6é mitjancant simulacié per ordinador.

El segiient pas, un cop haviem caracteritzat a la nostra poblaci6 desde
diferents punts de vista, era predir qué passaria en un horitz6 de temps
rel.lativament llunya, assumint que es.continués portant la mateixa politica
reproductiva i de cria que s'ha estat seguint els darrers anys. També era interessant
veure quines variables demografiques podien ser susceptibles de modificaci6 per

augmentar 'esperanga de supervivéncia de la poblacio.

Estudis similars s'havien portat a terme, perd sempre en espécies salvatges i
en perill d'extincid, destinats a conéixer quines mesures de gestié shavien de

prendre per a minimitzar el perill de vulnerabilitat d'aquestes poblacions salvatges.

Per a dur a terme aquests Analisi de Viabilitat de Poblacions (PVA)
existeixen molts programes informatics: GAPPS (Harris i col., 1986), VORTEX
(Lacy, 1993), RAMAS/age (Ferson i Akgakaya, 1990), RAMAS/stage (Ferson,
1990), RAMAS/space (Akgakaya i Ferson, 1992) o ALEX (Possingham i col,,
1992). No obstant, és important seleccionar el programa de simulaci6 que millor
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ens permeti analitzar els problemes especifics a resoldre en la gesti6 de la poblacio

en estudi (Lindenmayer i col., 1995).

Taula 5: Resum dels avantatges i desavantatges dels programes per a. PVA:
ALEX, RAMAS/space i VORTEX (Lindenmeyer i col., 1995).

Atributs ALEX RAMAS/space* VORTEX

Analisi de Variabilitat Gengtica No No Si

Andlisi de Catastrofes Si (limitat) No Si

Dependéncia de 1a densitat de poblacié No (limitada) St No (limitada)

Estructura Social Explicita No No Sf

Possibilitat despecificar nombre

d'animals adults en la reproducci6 cada No No Si

any

Migracié S'especifica per a cada S'especifica per a cada S'especifica per a cada
individu de la poblacié parell de subpoblacions parell de subpoblacions

Descripcié numerica dels processos - No Si (limitat) Si

Assisténcia d'un manual Limitada Excel.lent Moderada

Necessitat de T'ajut del creador del Necessaria Necessdria perd no Necessaria perd no

programa per a poder-lo utilitzar essencial essencial

Possibilitat exportacié de resultats a No Si (limitat)

altre sofware )

Si

* Els programes RAMAS/age, RAMAS/stage es consideren com a programes satéllit del

programa RAMAS/space, és per aix0 que només analitzem en aquesta taula el RAMAS/space.

Aixi doncs, varem escollir el programa VORTEX (Lacy, 1993) per a fer

l'estudi de simulacié en la poblacié d'ase catala, perqué ens permetia utilitzar

informaci6 obtinguda en la caracteritzaci6 demografica, com els intervals -

generacionals, el percentatge de reproductors de cada sexe que contribueixen amb

descendéncia o 1a distribuci6 d'individus per nivells d'edat, entre d'altres. Sobretot
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aquest programa ens resultava ideal per a I'analisi de la nostra poblacié perqué es
tractava d'una espécie de vida reproductiva llarga i baixa prolificitat.

El programa VORTEX ja ha estat utilitzat per analitzar viabilitat en
poblacions en perill dextincié arreu del mén (Lacy i Clark, 1993; Lacy i
Lindenmayer, 1995; Lindenmayer i Lacy, 1995; Mills i col., 1996).

De I'analisi de les prediccions que el programa VORTEX fa de la poblacié
en estudi, es podran extreure conclusions sobre l'estat de vulnerabilitat i dels

factors que més afecten aquesta supervivéncia.
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THE ENDANGERED CATALONIAN DONKEY BREED: THE MAIN
ANCESTOR OF THE AMERICAN ASS OR MAMMOTH

J. Jordana and P. Folch

SUMMARY

The Catalonian donkey is an endangered local donkey
breed located in several Pyrenean and pre-Pyrenean re-
gions of the Catalonian area (Northeast Spain). Following
the rules of action marked by the FAO Expert Consultation
for the identification and study of possible stocks of con-
servation, this work undertakes the initial action points,
giving a generic description of the population as to their
origin and phylogenetic relationships, existent relation-
ships with other worldwide breeds. censused sizes, and
future perspectives of the same. A morphological descrip-
tion is carried out with the objective of seating bases for
breed characterization and carrying out a proposal of racial
standard in order to create and manage the future Stud
Book of the Catalonian donkey breed.

Keywords: Donkeys / endangered breed / morpho-
logical characters :

INTRODUCTION

Racial regression is a phenomenon that obviously
does not affect just the asinus species. The decline world-
wide in a number otbreeds affects in a dramatic way all or
almost all the species,’ raising the controversy of whether
they should or should not be conserved.234 Upon losing
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the breeds, the genes that they are carrying are lost. The
gravest problem is the great ignorance concerning the
danger of extinction that exists in populations. This igno-
rance persists even though there are important questions
regarding genetic improvement, productivity, whether or
not these animals are carriers of any major interesting or
valuable genes(s), currently or in the future (which might
not be found in other breeds), or their power of heterosis.
etc., The assertion of Mason® that “any extinction or
disappearance of a species or breed represents an irreplace-
able element of the life diversity that is lost,” would have
to be enough reason in order to justify any program of
conservation in the species and breeds in danger of extinc-
tion.

Nevertheless, it is necessary to give some points of
view which are more objective than the programs of
conservation could somehow justify. In a general and
summarized way, and according to several authors,387 the
following could be enumerated as possible valid reasons
for the conservation of breeds:

Economic-biological reasons: It is necessary to main-
tain the genetic variability so that adaptations to possible
new future requirements could be made, as well as also to
production under unfavorable conditions.

Scientific reasons: Study of each breed in particular
for the search of unique and valuable genes, through the
identification of QTL (Quantitative Trait Loci) by means of
molecular genetic analysis. The conservation of popula-
tions also provides material for research that could contrib-
ute to the better knowledge and understanding of some
aspects of the evolution, such as domestication. behavior.
and effects of natural and/or artificial selection.

Cultural-historical reasons: Conserved breeds can be
considered valuable as genetic patrimony of the country.
and as a living parallel history of the human populations.

Ecologic-environmental reasons: Some breeds or
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Figure 1. Jennie with foal of the Catalonian donkey breed.

populations only meet in some determinate geographical
zones. Their loss could possibly deteriorate the milieu and
the ecological symbiosis of the zone.

The Catalonian donkey (Figure 1) is a local donkey
breed located in several Pyrenean and pre-Pyrenean re-
gions of the Catalonian area (Northeast Spain); the current
geographical location of this breed is shown in Figure 2.

- The current census is very reduced, and the total number of
animals of the Catalonian donkey breed slightly surpasses
one hundred individuals, approximately a third of which
are males. These figures fit into the category of Critical
Breed (< 100 females) or into the category of Endangered
Breed (100-1,000 females) proposed by the FAO Expert
Consultation,® which implies that the breed is in danger of
extinction.® Without action, its effective population size is
inadequate for preventing continuing genetic loss in future
generations.

Although the decline in census of the Catalonian
donkey has been vertiginous and uninterrupted during this
century, it is noteworthy to comment that from the year
1880 a Registration Book of the Catalonian donkey'®
exists, and that in the year 1978, due to the severe situation
that this breed experienced, the **Association of Fomenta-
tion of the Catalonian Donkey Breed” (AFRAC) was
created, in order to protect., foment and improve this
population.

Within this context, it became necessary in 1994 to
carry out a “Program of Conservation and Maintenance of

Animal Genetic Resources” in this breed. which was
promoted and financed by the D.A.R.P. (Department of
Agricuiture, Livestock and Fishing) of the autonomous
Government of Catalonia (Generalitat de Catalunya), in
collaboration with FRAC, and the Animal Genetics unit of
the Veterinary School of Barcelona. The generated infor-
mation will be integrated in the “FAQ Global Data Bank on
Domestic Animal Diversity,” located in Hannover, Ger-
many. ™12

ORIGIN AND PHYLOGENETIC
RELATIONSHIPS"

Discussion of the evolution of the Equines is still
continuing. However, the Pliohippus or Plesihippus is
considered as the ancestor of the genus Equus in all its
forms. The Equus was probably developed in North
America, from where it passed to Europe, Asia and Africa.
Nevertheless, at the end of the Pleistocene or the beginning
of the Holocene (9,000 to 10,000 years ago). Equus disap-
peared completely from the American continent, develop-
ing in the Old World."3

The genus Equus contains six subgenres: Asinus,
Hemionus, Equus, Dolichohippus, Hippotigris and
Quagga. Nevertheless, both Corbet'® and Bennet,'® based
on studies carried out from archaeological findings, only
recognize two, the Equus asinus, descendant of the
Astrohippus, with three species: E.a.asinus. E.a.hemionus
and E.a.kiang, and the subgenre Equus equus, direct de-
scendant of the Dinohippus, with five species:
E.e.caballus, E.e.quagga, E.e.burchelli, E.e.zebru, and
E.e.grevyi.

The domestication process of asses began during the
Holocene (8,000 to 10,000 years ago) in the Northeast
Africa zone, subsequently disseminating toward the
Southwest of Asia and the South of Europe.'® The oldest
findings of domestic asses date back to the fourth millen-
nium BC, found in Egypt and associated with other skel-
etons of domestic animals. Around the third millennium
BC, murals were beginning to be seen where the ass was
frequently represented and utilized as a beast of burden.

Domestic asses did not appear in the southwest of
Asia until the beginning of the third millennium BC. In
India and Pakistan, bones of domestic asses were not found
until 2,000- 800 BC. In Europe, the domestication of the
ass began later than in Africa and Asia. As their ability to
adapt to humid and cold climates was poor, they never
became very numerous in the northern lands. Asia Minor
seems to have been the starting point from where the asses
were introduced into Europe, through the Ukraine, Russia
and the Balkan Peninsula. There is evidence of the pres-
ence of these animals from 800-900 BC in the Ukraine.
From the Balkans, the ass reached Italy. producing its
expansion to the remainder of Europe in a parallel way to

Volume 16, Number 10, 1996

437



Figure 2. Current census and geographical location of
the Catalonian donkey breed.

the Roman conquests. Nevertheless, some Iberian penin-
sula ass populations came directly from animals that passed
from Africa through the Straits of Gibraltar.'”

According to several authors,'7'8'9 the current breeds
of asses seem to come from two ancestral trunks: the Equus
asinus africanus, or Ass of Nubia, native to the Nile Basin,
and the Equus asinus somaliensis, or Ass of Somalia, which
subsequently gave rise to the asses from the Southwest of
Asia and probably also to the majority of the European
breeds, among them the Catalonian donkey breed. Not-
withstanding, other authors such as Dechambre and
Sanson'02021 als0 maintain the theory of two ancestral
lines, one of them originating from the Northeast of Africa
which would correspond to the Equus asinus africanus,
and the other one the Equus asinus europeus, whose area of
origin is the Mediterranean Basin, concretely the Balearic
Isies, which would have given rise to the majority of
European donkey breeds, among them the breed which
concerns us here.

INFLUENCE OF THE
- CATALONIAN DONKEY BREED
IN OTHER WORLDWIDE BREEDS

The Spanish donkey breeds have had much impor-
tance in the formation and improvement of other popula-
tions, mainly European. The Catalonian donkey has con-
tributed to the improvement of the French “Baudet of
Poitou” breed. preferably in order to increase the size and

improve the sexual prowess of their animals,202223 |-

though the Spanish breed that has most contributed to the
formation of the Poitou has been the Zamorano-Leonesa
breed, specimens of which were exported to France during
the reign of Felipe V.2'?2 The Andulusian donkey breed
would be, according to Sotillo and Serrano,?! the ancestor
of the Brazilian Ass, or Lagoa Dorada. breed.

The influence that the Catalonian donkey has had in
several Italian breeds is more importan, contributing in a
decisive way to their formation and improvement. Among
them could be mentioned the Pantellaria. Martina-Franca
and Siciliana or Ragusana breeds.'%17:20-23 Sotillo and
Serrano?! also assign a certain influence of the Catalonian
donkey in the Mediterranean Maltese and Cypriot breeds.
originally from African and Asian asses.

But where all the authors agreed was with the direct
and decisive influence of the Catalonian donkeys in the
formation of the American Ass.'%'720-24 3150 named Ass of
Kentucky or Mammoth in honor of that which is considered
to be the best founding sire of this particular breed. named
Imported Mammoth, which arrived in Charleston (South
Carolina) in 1819, coming from Catalonia, being exten-
sively utilized in the States of Kentucky. Tennessee and
Missouri.?

Lastly, just one comment that several authors make in
reference to the diverse exports carrted out of Catalonian
donkeys: at the end of last century and also during the
current one, this donkey reached to such far away and
dispersed places as: Algeria. Argentina. Australia. Brazil.
Canada, Congo. Cuba. Central American Republics. Ger-
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Table 1. Census equine evolution in Spain and Catalonia during the 20th Century.

ASSES HORSES . _ _MUES
YEAR SPAIN CATALONIA SPAIN | CATALONIA SPAIN CATALONIA
1929 1,006,000 598,000 1,154,000
1935 1,176,000 808,000 1,475,000
1940 851,000 592,000 1,139,000
1950 732,000 642,000 1,089,000
1960 686,000 506,000 1,158,000
1870 368,000 282,000 533,000
1976 253,000 3,702 262,000 13,301 281,000 15,452
1978 232,000 5,411 257,000 19,016 253,000 ‘ 17,861
1980 188,000 3,252 242,000 9,233 189.000 6,264
1984 160,000 1,550 254,000 11,349 145,000 4,069
1986 140,000 928 248,000 9,256 117,000 2,603
1988 131,000 .- 250,000 --- 110,000 .e-
1990 130,000 415 241,000 22,027 100,000 543
1992 130,000 --- 240,000 --- 100,000 .-

many, Great Britain, India, Madagascar, Mexico, South biodiversity.”

Africa, Tunisia and Zaire.?3

THE EQUINE CENSUS
EVOLUTION IN SPAIN

The Spanish asinus population, as well as the horse
and mule, has been diminishing uninterruptedly during the
last decades (Table 1). The Statistic Agrarian Yearbook?3
gives us some official ass figures of 1,100,000 individuals,
approximately, during the 20’s and the beginning of the
30's, already being of some 800,000 animals at the end of
the 30’s and during the decade of the 40’s.

~But the period where the great descent in the equine
census is produced are the decades of the 60’s and 70’s,
probably due to the intense mechanization of the country-
side that began in Spain during those years. In 1980 the ass
census decreased 73% compared to the census of 1960.
During the same period, the horse census was reduced by
52%, and the number of mules dramatically diminished by
83%. From the analysis of Table |, it could be observed that
in the last decades (80’s and 90’s) there has been a decline
in the number of mules and asses, with the horse population
staying more or less uniform in number.

FUTURE PERSPECTIVES

As for the future perspectives of this breed, the first
fundamental objective is that it should not disappear, since
it is a unique and valuable genetic patrimony, and as Hall?®
says, “local breeds of livestock are genetic resources
which should be protected as part of the world heritage of

Moreover, in the current times. this breed could still
have a certain economic importance for pure-breeding as
well as for mule production, above all, and according to the
FAO Expert Consultation,? in the tropics and for some
developing countries since this species is more important
than the horse. Export of stallions and/or frozen semen
could be very important for the genetic improvement of
other worldwide asinus populations. Forest exploitation.
in zones of difficult access, could require the continuation

~of the services of these animals. Cleaning the forest is an
important effect linked to these herds, which collaborate in
the prevention of forest tires. Development of commercial
products from the species such as the jennie’s milk. could
be an interesting, although restricted, market. Lastly, there
is an important use of the ass as acompanion animal and for
recreational tourism activities (agro-tourism) in mountain
zones.

MORPHOLOGICAL DESCRIPTION
OF THE BREED

According to the FAO,” the morphological character-
ization of the breed is necessary to identify conservation
stocks. Accordingly, we will use the descriptions from
several authors,10-20-2228 and the information contributed
by several breeders or owners of AFRAC, as well as our

own observations.
General characteristics

Appearance and format
According to Baron systematics, the individuals of
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this breed are of longilinear appearance, hypermetric for-
mat and concaviline profile, this concavity being slightly
more apparent in jennies and foals than in stallions.

They are animals of large size, 140 cm at the withers,
on average, with a weight ranging between 350 to 450 Kg.
They have robust extremities with long, thick bones, ac-
quiring large proportions within a harmonic group. They
are slender, with a straight neck and rounded thorax. Not
arunning animal, this breed is very effective at hard work
where great strength and vigor are needed.

Coat color and pigmentation

The black coat color is considered characteristic, al-
though this could be influenced by several environmental
factors, as well as nutritional state, season of the year, sun
incidence and hair length. .

The belly and internal face of the extremities show
whitish fadings. The muzzle and orbital zone of the eyes
also show these silver fadings. A very characteristic red-
dish fringe, between silver and blackish colors, can be seen
above all in the zones of the head.

Skin and hair :

The skin of these animals could be classified as hyper-
metabolic type, relatively fine but profuse in growth. It
possesses scanty subcutaneous conjunctive tissue in rela-

tion with the horse. The foals have fine. long and slightly *

ruffled hair. As the animals grow, they lose this fluff,
changing to straight, fine and short hair. The mane in both
" sexes is dark, short and not very thick.

Characteristics of behavior

They are animals of sanguine temperament although
they are accustomed to being quite peaceful. In general
they are very noble and of rapid reactions. The expression
of the eyes is lively, always carrying the ears and the head
very upright. The sexual instinct of the males is very
developed. Therefore, according to their biotypology these
animals could be grouped within the so-called hypermeta-
bolic or oxidative type.

Regional characteristics

Head

The head is wide and weighty. The front bone shows
a straight profile in both sexes, although in females and
foals it could be manifested as a little subconvex. This
slight subconvexity starts disappearing in the stallions as
they begin to manifest the secondary sexual characteris-
tics. Females as well as males are of dolicocefal type.

The eyes are large, lively, and very expressive. The
orbital arcade is very thick. with a strongly pronounced
apophysis and guided in direction to fronto-parietal crests.

The muzzle is wide and pronounced with atendency to
acromegaly and with bounded fading. The nasal bones

expand at their base, but halfway down the nose they
narrow in order to enlarge again at the end, where they
contact with the muzzle, giving a very pronounced con-
figuration of the supranasals. A very pronounced excava-
tion in a longitudinal way is formed at the union of the
frontals and nasals.

The jawbones are strong, wide and very resistant. The
inferior jawbone shows some voluminous and convex
branches. The dental arcade is rounded and of a short
dimension. Ears are long, straight and narrow. Due to their
potent muscular insertions, they stay erect and are very
mobile and expressive.

Neck

The neck is long, wide, straight, flexible, very muscu-
lar, and not given to accumulating adipose tissue. thus
giving a very slender image to the animal.

Trunk

The chest is wide and elevated, with long, well-arched
ribs.. The belly is contracted in males and more pro-
nounced in females. This makes the relationship between
the thoracic perimeter and length diameter have a
longilinear body index, characteristic of the breed. The
withers are elevated, although not very apparent. The back
is straight and long, with a marked waist in its union with
the rump. This is of aconvex type, mostly more lengthened
than wide in males, with great harmony; females show
forms much more softened and slightly angular. Kidneys
are wide and well united to the rump. The body gives the
sensation of being almost cylindrical. The tail is long and
of low insertion, normally reaching the level of the hocks
and having an abundant mane.

Extremities

The extemities are well conformed and robust. Shoul-
ders are vertical or slightly oblique, and they seem short
when they are compared with withers height. The width of
knees and hocks especially stands out, with well con-
formed cannons. The muscular system is very apparent,
with tendons separated from the cannon. The leg-line is
very regular. Hoofs are slightly narrow in both sexes but
well proportioned.

Morphological descriptions, as well as the study and
analysis of several biometric variables of the breed, have
allowed us to make a proposal of racial standard in order to
create and manage the future Stud Book of the Catalonian
donkey breed. )
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f RESERVE YOUR SPACE NOW FOR THE HEART OF ALASKA CRUISE TOUR

Dr. R.M. Miller will be conducting a week-long seminar
on “Behavior and Misbehavior of the Horse,” during a 12-
day cruise/tour of the Inside Passage, Glacier Bay and
Denali Park, Alaska, August 11 to 23, 1997. Miller will
speak on comparative behaviors study on non-domestic
species during the land-tour portion. This meeting is open
to horse professionals, as well as to veterinarians.

Participants will receive a full set of reprints of Dr.
Miller’s series “Behavior of the Horse,” as it appeared in the
Journal of Equine Veterinary Science.

We will be sailing on the Dawn Princess, leaving from
Vancouver sailing through Glacier (or Hubbard) Bay, and
Coliege Fjord, ending at Anchorage. There are three ports
of call; Ketchikan, Juneau and Skagway. From Anchorage
we will board the Midnight Sun Express for luxury rail travel
to Denali National Park and Denali Princess Lodge. The
eveningis free. We are trying to arrange a trail ride while in
Denali Park. After a morning tour of the National Park we
will re-board the Ultra Dome rail cars fora
scenictripto Fairbanks. Whilein Fairbanks
there will be a cruise aboard the
sternwheeler riverboat “Discovery,” a city
tour including the El Dorado Gold Mine,

the Trans-Alaska Pipeline and more. The -

trip ends in Fairbanks for the flight home.

Participation in this program is limited. Fares for the
12-day cruise/tour begin at $2,439 per person, and do not
include port charges, taxes, or airfare. Fares do inciude
cabin, all meals, and the Seminar. To reserve space at the
rate quoted here, we must receive a $25.00 per person
deposit by November 1. It is possible to sign-up for just the
cruise. Cruise only fares begin at $1,074 per person for the
7-day Inside Passage, Glacier (or Hubbard) Bay cruise.
Fares quoted do not include port charges, taxes, airfares
or shore excursions. Fares do include cabin, all meals,
entertainment and the seminar.

Listen to what participants on last year's Alaska cruise
seminar say.

“Enjoyed this very much. Because of the magnitude of
the Alaska experience it was hard to give up some of that
to attend the seminar, but overall { was very pleased.”

Or

“| have never been privileged to learn so much practi-

cal knowledge in such a short meeting.
I would come to another meeting in a
heartbeat and | would recommend it to
anybody who asks as a very positive
thing to do...”
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CHARACTERIZATION, REFERENCE RANGES
AND THE INFLUENCE OF GENDER

ON MORPHOLOGICAL PARAMETERS OF THE

ENDANGERED CATALONIAN DONKEY BREED

P. Folch and J. Jordana

SUMMARY

This study characterizes morphometrically a limited-
size population in danger of extinction; the Catalonian
donkey breed (Spain). Sixty-nine adult individuals of both
genders, forty-four jennies and 25 stallions, were charac-
terized and analyzed for twenty-six morphological mea-
surements and twelve corporal indices by a univariate
procedure. The population showed little sexual dimor-
phism, since only eight of twenty-six measures and one of
twelve indices showed statistically significant differences
for gender effect. The analysis of correlations between
measures and obtained dendrograms allowed the identifi-
cation of interactions between and within the different
corporal regions (head, trunk and extremities). The impor-
tant morphological variability degree (coefficients of
variation) shown by individuals of the Catalonian donkey
breed will be of great interest to further improve the
population.

Key words: Donkeys / endangered breed / morpho-
logical characters / correlation coefficient / dendrogram
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INTRODUCTION

The Catalonian donkey is a local donkey breed located
in several Pyrenean and pre-Pyrenean regions of the
Catalonia area (Northeast Spain). The current census is
very reduced, slightly surpassing one hundred individuals,
a third of which, approximately, are males. These figures

* fit into the category of the Critical Breed (< 100 females)

proposed by the FAO Expert Consultation,' which implies
that the breed is in danger of extinction.?

The Catalonian donkey breed is characterized by
large-sized and elongated animals with a concave profile.
The coat is a black color with characteristic fadings in the
muzzle, orbial zone of the eyes, belly and internal face of
the extremities.? :

The main objective of this paper is to characterize
biometrically this endangered population, following the
rules of action marked by the FAO Expert Consultation for
the identification of possible stocks of conservation and as
a basic tool for the study, maintenance and conservation of
animal genetic biodiversity.'*

Once established the standard type of the breed, it is
necessary to analyze the degree of morphological variabil-
ity of the population, so that in a near future possible
objectives of selection and genetic improvement of the
breed could be expounded. Thus, the existent relationship
between the physical characteristics and functional aspects
of animals is very well known,5 which could be interesting
concerning possible future uses of this breed.?

Lastly, gender effect on several morphological vari-
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ables is analyzed, the characterization of this population
possibly being able to serve as a reference point for other
comparative studies within the asinus species.

MATERIAL AND METHODS

Approximately 90% of the animals having been
counted, the breed population size is atotal of 98 individu-
als, distributed in 29 foals of both genders (< 3 years old)
and in 69 adults (> 3 years old), specifically: 25 stallions
aged 3-13, and 44 jennies aged 3-17.

For the biometrical study, only the 69 adults have been
kept in mind, and in spite of the fact that the number of
animals is not too elevated, this sample could be consid-
ered as representative of the population, since it includes
the near totality of the individuals utilized which are at

present reproducers, individuals that form the base of the’

Foundational Registration of the Stud Book, starting from
those which will develop the Program of Conservation
and Maintenance of Animal Genetic Resources of the
breed.

A total of 26 corporal measures, in each one of the
animals of the sample, were taken; and 12 corporal indices
were obtained. The anatomical references of each vari-
able, the definition of indices, and their reference values
are those described for the equine species, upon not

Volume 17, Number 2, 1997

.t Figure1. (left) Morphometrical
. analyzed variables (codes

e

%% meaning in text).

%% Figure 2. (above) Morpho-
-+t metrical analyzed variables
* (head detail).

providing reference values for asinus species.5678° The
several variables were subdivided into three large groups
according to corporal regions:

A) Cephalic measures: Head Length (CLH), Skull
Length (CLS), Face Length (CLF), Head Width (CWH),
Skull Width (CWS), Head Depth (CDH) and Ear Length
(CLE).

B) Trunk measures: Withers Height (THW), Back
Height (THB), Sacrum Height (THS), Rump Height
(THR), Pelvis Height (THP), Root of Tail Height (THRT),
Length Diameter (TDL), Back-Sternal Diameter (TDBS),
Diameter between the Ribs (TDR), Point of Shoulder
Diameter (TDPS), Rump Length (TLR), Rump Width
(TWR) and Thoracic Penimeter (TPT).

C) Extremities measures: Knee Perimeter (EPK), Can-
non Perimeter (EPCN), Fetlock-joint Perimeter (EPF),

" Pastern Perimeter (EPP), Coronet Perimeter (EPCR) and

Hock Perimeter (EPH).

A measuring rule for height, width and length mea-
sures has been used, and a measuring tape for diameter and
perimeter measures. All variables are shown in Figures 1
and 2.

Starting from 26 morphological variables, a total of 12
corporal indices were obtained, defined in the following
manner: Body Index = (TDL x 100) / TPT, Thoracic Index
= (TDR x 100) / TDBS, Metacarpo-thoracic Index =
(EPCN x 100) / TPT, Skull Index = (CWS x 100) / ELS,
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Table 1. Morphological measurements values in both subpopulations (males and females) of the Cataionian donkey breed.

Corporal measurements : Mean SD . cv Highest Lowest

* (CLH) Head Length male 61.24 2.96 4.83 55 68
female 58.25 3.83 6.58 52 . 66

(CLS) Skull Length male 27.64 - 2.81 10.17 21 32
female 26.50 3.73 14.08 19 34

(CLF) Face Length male 40.72 5.69 13.99 27 53
female 38.00 4.84 13.00 25 46

(CWH) Head Width male 25.00 1.89 7.57 21 28
female 22.77 3.53 15.52 16 29

(CWS) Skull Width male 21.36 1.60 7.51 18 25
female 19.77 1.29 6.53 17 23

(CDH) Head Depth male 40.44 2.87 7.10 34 45
female 39.06 3.25 8.32 32 46

(CLE) Ear Length male 32.45 2.23 6.88 29 37
. female 33.81 2.61 7.73 29 40
(THW) Withers Height male 142.20 6.89 4.85 129 156
female 136.29 5.95 4.36 123 148

(THB) Back Height male 137.44 6.64 4.83 126 152
' : female 132.68 6.07 4.57 120 144
(THS) - Sacrum Height male 143.00 6.98 4.88 127 157
female 139.59 6.01 4.30 127 150

(THR) Rump Height male 139.88 6.96 4.98 125 155
female 135.79 6.06 4.46 123 145

(THP) Pelvis Height male 141.80 7.73 5.45 126 157
female 137.65 5.96 4.33 125 149

(THRT) Root of Tail Height male 132.60 9.43 7.1 110 155
female 127.18 5.85 4.60 115 138

(TDL) Length Diameter .male 145.88 7.72 5.29 132 163
female 143.88 8.85 6.15 119 162

(TDBS) Back-Sternal Dmtr male 60.04 3.38 5.63 53 66
female 59.34 3.32 5.60 52 67

(TDR) Diameter betw Ribs male 41.68 3.79 9.10 35 52
female 39.45 5.03 12.76 29 50

(TDPS) Pnt/Shoulder Dmtr male 35.04 3.10 8.85 28 40
female 32.40 3.34 10.31 26 40

(TLR) Rump Length ) male 45.96 2.15 4.67 42 49
female 44.06 3.57 8.10 38 54

(TWR) Rump Width - male 42.28 2.26 5.35 37 46
: female 43.09 3.26 7.58 37 49

(TPT) Thoracic Perimeter male 157.00 6.65 4.23 146 170
female 154.70 6.12 3.95 140 169

(EPK) Knee Perimeter male 33.76 2.42 7.16 30 38
_ . female - 28.95 1.52 5.26 26 33
(EPCN) Cannon Perimeter male 19.64 1.35 6.87 18 23
female 17.81 1.18 6.65 15 20

(EPF) Fetlock-jnt Perimeter =~ male 26.12 1.90 7.27 23 31
: female 23.20 1.95 8.44 19 - 28

(EPP) Pastern Perimeter male 19.32 1.72 8.93 16 23
female 17.06 1.16 6.85 15 19

(EPCR) Coronet Perimeter male 30.44 277 9.10 25 36
female 30.25 344 11.38 21 39

(EPH) Hock Perimeter male 41.12 2.31 5.63 35 45
female 37.61 2.31 6.15 33 45

Cephalic Index = (CWH x 100) / CLH, Pelvic Index =
(TWR x 100) / TLR, Pectoral Height Index = TSH / PT
(Sternal Height-TSH is defined as the difference between
THW and TDBS), Index 1 = (TPT / THW), Index 2 =
(THW /THR), Index 3 = (TSH / THW). Index 4 = (EPCN
/ TSH), and Index 5 = (THW / TDL).

All this information was filed in a data base
(Microsoft ACCESS 2.0) for its later utilization.

Reference ranges were calculated by use of standard.

deviation (SD) about the mean, and the highest and lowest
values in the sampie for each variable as a measure of
location. Also, the coefficient of variation (CV) has been
obtained as a unitless measure of relative variability (the
ratio or the standard deviation to the mean expressed as a
percentage).

Correlation coefficients (Pearson’s product-moment)
between the variables have been calculated. Probability
values of < 0.05 were considered significant. In order to
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Table 2. Corporal Indices values in both subpopulations (males and females) of the Catalonian donkey breed

Corporal Indices ’ Mean SD cv Highest Lowest
Body Index male 92.97 4.41 4,74 81.43 99.37
female 93.03 5.04 541 81.50 105.88
Thoracic Index male 69.58 6.88 9.88 57.37 83.63
female 66.56 8.41 12.64 52.72 85.18
Metacarpo-thoracic Index male 12.50 0.61 4.93 11.32 13.77
female 11.52 0.73 6.41 9.86 12.85
Skull Index male 78.04 9.95 12.75 64.51 100.00
female 76.15 12.55 16.47 56.66 109.52
Cephaiic Index male 40.85 283 6.94 33.87 45.16
female 39.01 4.93 ©12.64 26.66 4561
Peivic Index male 92.13 5.69 6.18 77.08 104.65
female 98.06 7.10 7.24 86.04 117.07
Pectoral Height Index male 0.52 0.02 4.86 0.47 0.56
female 0.49 0.00 5.77 0.44 0.56
Index | male 1.10 0.04 4.18 1.02 1.21
female 1.13 0.04 3.64 1.04 1.23
Index 2 male 1.01 0.01 1.41 0.90 1.04
female 1.00 0.01 1.71 0.95 1.05
Index 3 male 0.57 0.01 2.02 0.55 0.60
female - 0.56 0.01 3.30 0.52 0.60
Index 4 male 0.23 0.01 4.84 0.21 0.26
female 0.23 0.01 7.09 0.18 0.26
Index 5 male 0.97 0.04 4,58 0.88 1.07
female 0.94 0.04 5.05 0.85 1.07

view the existent relationships between variables of a
graphic form (dendrogram), the method of cluster analysis
using the UPGMA algorithm'® was applied to the correla-
tion coefficient values by using the PHYLIP computer
package. "’

Both genders have been considered independently
since there is a possible sexual dimorphism for some of the
measures. Statistical differences for this factor of variation
were analyzed by the ANOVA test. Computations were
performed using a statistical software program.?

RESULTS AND DISCUSSION

Reference corporal measurements of male and female
Catalonian donkeys are shown in Table 1, and corporal
indices are shown in Table 2.

Large differences between genders for .the studied
parameters were not observed, since only 8 of 26 corporal
measures and 1 of 12 corporal indices analyzed showed
significant differences: EPCN, EPK, EPP, CWS (P<
0.001); THRT (P< 0.01); THR, TLR, CWH, Index 3 > (P
< 0.05), which would indicate that the population shows
little sexual dimorphism. The greatest differences between
genders are reported, above all, in the cephalic level
(CWH, CWS), height from posterior third (THR, TLR,
THRT) and extremities perimeters (EPCN, EPK, EPP),
always showing males more elevated values than females,
such as other authors confirm in several saddle-horse
breeds.58134 In view of these results it could be inter-
preted that females are, in general. of a finer and more

slender physical appearance than males.

A. Cephalic measures
Two of seven cephalic variables showed significant
differences between genders, CWS (P<0.001) and CWH

-(P< 0.05). Males had a wider skull and head than females
. did, in a similar way to that found by other authors in

saddle-horse breeds.5 '3

Cephalic variables showed, in general, as much in
males as in females, an elevated coefficient of variation
(CV). Theseresults would indicate, in principle, that a high
degree of morphological variability for these characters in
the population exists although interpretation of results
should be taken with caution, since when in vivo measuring
was carried out, several environmental factors could exist
thatinfluence in measurements, the temperamental state of
the individual, mainly with the subsequent difficulty in the
precise localization of anatomical reference points.

B. Trunk measures

Upon analyzing “summit line” measures, which de-
fine animal height, one could observe that they are those
that show a lower variation coefficient in both genders.
This is important, since itis these measures that fundamen-
tally define the animal profile, and this could be, in the
future, a preferential selection objective. From analysis of
height variables shown in Table I, it can be observed that
males, as an average, possess greater stature than females
although the obtained values were not statistically signifi-
cant, except for THR (P< 0.05)and THRT (P < 0.01); rump
length (TLR) also showed significant differences between
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genders (P < 0.05), all these values being higher in males

than in females.

Some thoracic measures (TDR and TDPS) have a
relatively high coefficient of variation as much in males as
in females (CV > 8.8), the females also showing higher
values than males (CV > 10). The two diameters (TDR and
TDPS) behave in a similar form although TDPS shows a
slightly smaller variability degree. In a general way, we
suppose that some of these variability values could be
overestimated, mainly those measures in which it is diffi-
cult to determine the anatomical reference points, depend-
ing on physiological (pregnancy or not), nutritional (fatty
and muscular tissue) or temperamental states of the ani-
mal. Nevertheless, elevated coefficients of variation for
variable TDR (CV > 10) have also been described in the
PRE equine breed (Pura Raza Espafiol -Spanish Pure
Breed-).!® The greatest variability degree that shows fe-
male subpopulation with regard to male subpopulation for
these thoracic variables could argue partly as a conse-
quence of the different management system that exists
between both genders, since the great majority of females
are breeding in a free pasture regime while males are
accustomed to always being stabled. The effect of the
environmental factor of exercise or the absence of it, could
be responsible for the different degree of variability shown
by both subpopulations. This important phenotypic vari-

- ability (partially genetic) shown in the Catalonian donkey
breed will be of great interest in a near future when possible
objectives of genetic improvement in the breed begin to be
expounded.

C. Extremities measures
As for variables that define the extremities of the
animal, it was observed that it is in this corporal region
" where sexual dimorphism becomes more patent, in a simi-
lar way to that which is described in equine populations of

PRE,"3 since three of six variables, EPC, EPK and EPP, -

showed highly significant differences (P < 0.001). All the
perimeters showed superior figures in males, the coeffi-
cients of variation being elevated, although quite similar
between genders.

D. Corporal indices
The described corporal indices were proposed, de-

signed and utilized based upon the saddle horse classifica--

tion13.15,16,17.18-22 Given that measurements and propor-
tions from this asinus breed are so stylized, and in the
absence of previous studies on the topic, it was decided to
make use of them as well as of their reference values,®78°
always interpreting the results keeping in mind that it is
about a breed of asses. The ANOVA test only showed
significant differences between genders for Index 3 (P<
0.05).

The Body Index (BI) gives one an estimate of the
proportions of the breed and allows the classification of the

animals as longilinear (BI290), mesolinear (BI=84 and
<89) or brevilinear (BI<83). The obtained values (BI > 92)
permitted the classification of our animals as longilinear.
This morphology was confirmed as well by the Thoracic
Index (T1 < 70), which indicates the compact degree of the
thoracic chest and it also permits classifying individuals as
longilinear (TI< 83), mesolinear (TI>84 and <89) or
brevilinear (TI290), showing that these animals are slim
and slender. According to other authors, females are some-
what wider than males due, mainly, to their reproductive
function.?324

The Metacarpo-Thoracic Index, indicates what the
animal format is like, that is to say, it shows us the existent
relationship between the mass of individuals and the mem-
bers that sustain it, allowing one to define three types of
animals: hypermetric, eumetric and elipometric. The re-
sults obtained allowed the classification of the animals as
of the hypermetric format, since in both genders its value
was superior to 11, the reference value given for horse
breeds.®

The Skull Index as well as the Cephalic Index indicate
whether the head proportions are harmonious, giving us an
idea of the compactness of the same, that is to say, they
indicate whether longitudinal diameters prevail on trans-
verses or vice versa, and it allows classification of indi-
viduals as brachycephalic (Index > 100) or as doli-
chocephalic (Index < 100), in this case verifying that it is
about animals of the dolichocephalic type.

The Pelvic Index (PI) gives us an idea of the structure
of the rump, and is very related with the THRT variable that
indicates the tail insertion point (up, middle or down),
characteristic that has permitted the typifying of a lot of
equine breeds.® A very proportionate rump shows a width
approximately equal to its longitude (PI = 100), which we
could define as horizontal; if the obtained values are < 100,
it is a convex line rump, and if they are superior,
concaviline. In this study, it is about animals with a convex
rump and a low tail insertion -THRT- (Index values < 100),
which allow one to define the pelvis as convexiline.

Index 1 relates thoracic perimeter (TPT) with withers
height (THW), and according to Lesbre'” one should
distrust such an animal of work aptitude, for its direct
relationship with resistance to fatigue, when its TPT does
not exceed the THW by at least 1/8, that is to say, when the
ratio between both variables is not > 1.125. For the results
shown in Table 2, it could be observed that males have an
Index 1 slightly inferior to the referred value (Index 1 =
1.10), which would indicate that its thoracic chest would be
proportionally smaller, in relationship to the height that
they reach, than ideally desirable for an animal of work
aptitude. On the other hand, females transcend this index
(Index 1 = 1.13), although obtained values in the two
subpopulations were not significantly different. Depend-
ing on which is the orientation of the future economic
perspectives of the breed that the Association of Fomenta-
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agro-tourism,
0.57) as well as for

females (Index 3 =0.56) transcend
this value slightly, signifying that
back-sternal diameter (TDBS)
would be proportionally minor in
relationship to the reached height

Index 2 relates withers height

(TWH) with rump height (THR), so
Index 3 relates sternal height
(TSH) with withers height (TWH),
and according to Oom,? the value of
this index should not transcend the
Index 4 relates cannon perim-

tion of the Catalonian Donkey
Breed (AFRAC) believe most con-
sport,...), it perhaps would be inter-
esting to select breeding animals for
their resistance and capacity of
work again, like those that histori-
cally gave worldwide fame to this
eter (EPCN) with sternal height

breed.?

venient (work,
that an animal is considered as very

proportionate if the two measure-
ments should be equal, that is to say,
the value of Index 2 should be the
same or similar to 1. Higher values
indicate that it is about animals with
an anterior region more elevated
than the posterior, transferring the
center of gravity to posterior ex-
fore, overloading them. From
analysis of obtained values in our
population we could conclude that
these animals are very well propor-
tioned (values of 1.01 and 1.00, for
recognized tendency (Table 1) that
the anterior third is slightly more
elevated than the posterior.?®

0.50-0.55 interval. The obtained
average values for this breed, for

tremities in this manner and, there-
males and females, respectively),
although they show a slight and
(TWH), that is to say, they would be
animals with slightly lengthened
extremities, also named “distanced
from land.” The conclusions of this
index, as for the proportionality of
individuals, are very similarto those
obtained for Index 2.

(TSH). In saddle-horse breeds and
according to Menezes,?® for each
centimeter of cannon perimeter

males (Index 3
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Index 5 relates withers height (THW)

with length diameter of the individual

From the analysis of obtained results,
we have been able to observe, in global
form, that a higher correlation degree

Correlation coefficients among 26
among morphometric variables in the fe-

(EPCN) 4 cm of sternal height (TSH)
morphological variables included in this

should correspond; that is to say, Index 4
case, and as a characteristic feature of the
asinus species, it was observed that the

EPCN is smaller than in horses, in females
as well as in males.5®'® This makes the

value of this index smaller than the de-
animals in favor of TDL (Index 5 < 1). In

our population, the value of this index,
much in males (0.97) as in females (0.94),
was lower than one unit, indicating that
they adjust to a longilinear format pattern,
such as the Body and Thoracic Indices
confirmed.

shown in Tables 3 and 4. The great major-
ity of values were shown to be positive,
except for some exceptions in that they
were negative, more in males than in fe-
ists, in a similar way to that reported by

study, differentiated by genders, are
males, although none of them was statisti-
cally different from zero (except CLF vs
CLF, in the male subpopulation, r=-0.43;
P< 0.05).

male than in the male subpopulation ex-
other authors in several equine popula-
tions.5%'3Likewise, at the corporal region
level (head, trunk and extremities), the
intra-region correlations were signifi-
cantly higher for trunk and extremities
than for cephalic measurements, in males

brevilinear animals would deviate in favor
of THW (Index 5 > 1), and longilinear

should have a value close to 0.25. In our
scribed values by the above author, and we
should thus consider it as much of an
indicator of osseous feebleness of ex-
tremities.

(TDL). Ideally, a very proportionate ani-
mal should show an index value equalto 1,
at which these indiduals would describe a
perfect square., Several authors'® grant
great importance to this index for ethnic
classification, so that mesolinear animals
would describe a square (Index 5

Correlations
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Figure 3. Dendrogram obtained by PHYLIP analysis using the UPGMA method from morphological correlation data in the
male subpopulation of the Catalonian donkey breed (Scale makes reference to morphological correlation degree).

as well as in females. As for the inter-region correlations,
globally, a close correlation between trunk and extremities
was observed, this relationship being very variable when
the cephalic region was compared with the other two, as
regards the gender level and the individual cephalic vari-
able level.

A. Cephalic measures

It has already been commented that this corporal
region is the one which shows a higher degree of indepen-
dence among its variables, as much in males as in females.
Only head length (CLH), and in the female subpopulation,
showed significant correlations with all the other cephalic
variables. Important differences due to gender in this
region also exist, which makes being able to give a whole
interpretation of the existent relationships among these
measurements very difficult.

The existent correlations among the morphometric
variables of the other corporal regions (trunk and extremi-
ties) were also greatly variable, with regards to gender
level as well as to individual measures level. As more
outstanding data, we could point out: absence of correla-
tion (with some few exceptions) of ear length (CLE) with
the remainder of corporal measures, manifested more in
males than in females. Absence of correlation between
skull width (CWS) and the remainder of variables in the
male subpopulation, in a similar way as that found by other

authors in PRE populationss; on the contrary, CWS
showed, in the female subpopulation, a close correlation
with almost all the other corporal variables. Significant
correlations showed in head length (CLH) and head depth
(CDH), in males as well as in females, with regard to a great
majority of variables. Skull length (CLS) and head width
(CWH) only showed correlation with the measurements of
diameters, and this just in the female subpopulation. Fi-
nally, face length (CLF) showed significant correlations
with the measurements of extremities block, as much in
males as in females, and in the female subpopulation also
with all the measurements of height.

B. Trunk and extremities measures

These variables maintain a high and significant degree
of correlation, in males and females, as much in intra as
well as in inter-regions. Nevertheless, the closest relation-
ships (P< 0.001) are seen between the measurements of
height, between the measurements of perimeters (includ-
ing thoracic perimeter, TPT), and between heights vs
perimeters, as much in males as in females.

Length diameter (TDL) and back-sternal diameter
(TDBS), as well as thoracic perimeter (TPT), also were
closely correlated with height variables and with extremi-
ties perimeters (P < 0.001)), confirming the obtained re-
sults with the Body, Thoracic and Metacarpo-thoracic
Indices, which indicated that animals were of longilinear

Volume 17, Number 2, 1997
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Figure 4. Dendrogram from correlation data in the female subpopulation.

appearance and hypermetric format.

Rump length (TLR) and rump width (TWR) showed
null correlation with the remainder of variables in the case
of males (with the exception of TLR with the variables of
height (P <0.01), of a contrary form to that which happens
in the case of females, where significant correlations with
the great majority of variables, included the cephalic,
showed.

CONCLUSIONS

Dendrograms obtained applying the UPGMA method
for correlation coefficients, were slightly different for
male (Figure 3) and female (Figure 4) subpopulations, as
was expected, and confirmed the results and interpreta-
tions carried out previously.

As more relevant conclusions, we could point out the
intra-region, existent close relationship, between cephalic,
trunk and extremities variables, more apparent in the
female than in the male subpopulation, although in this last
one, the weak relationship of many variables could per-
haps be attributed to the reduced sample size (n=25 males).

The cluster that forms the variables of height with the
perimeters of the extremities in the two dendrograms

confirm the close relationship that exists between these
measurements.

As for the measurements of thoracic diameters, it was
observed that length (TDL) and back-sternal (TDBS) di-
ameters kepta closer relationship with height variables and
perimeters; on the other hand, diameter between the ribs
(TDR) and point-of-shoulder diameter (TDPS) showed a
closer relationship with cephalic measures, although this
last, in the male subpopulation, was more akin to extremi-
ties and trunk variables than to cephalics.

The rump variables, rump length (TLR) and rump
width (TWR), formed a well defined cluster with cephalic
measures in the case of females, behaving in an indepen-
dent form in the male subpopulation, although rump length
(TLR) to a greatly minor degree than rump width (TWR).

Lastly, with regard to the cephalic variable ear length
(CLE), it could be concluded that it does not show any
relationship with the remaining, studied morphological
measures.
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Ase vell, més matadures que pell.

Capitol 11
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Bioquimica clinica
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"Clinical biochemical parameters of theendangered Catalonian donkey breed:
normal values and the influence of sex, age and management practices

effect".

(Research in Veterinary Science 1998, 64, 7-10)
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Short Communication

Reference Ranges and the Influence of Age and Sex on
Haematological Values of the Endangered Catalonian

Donkey
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Veterindria, Universitat Autonoma de Barcelona, 08193-Bellaterra, Barcelona, Spain

Keyworps: Donkeys; endangered breed; haematological parameters.

The Catalonian donkey is a local breed found in
several Pyrenean and pre-Pyrenean regions of the
Catalonian area of Northeast Spain. It has contrib-
uted to the formation and improvement of several
-European breeds as well as the American Ass or
Mammoth donkey breed (Briggs, 1971; Epstein,
1984; Parés & Vilar6, 1994). The total number of
existing animals is about 100, a third of which are
males, which places the breed into the critical cat-
egory (<100 females) proposed by FAO (1992),
implying that the breed is in danger of extinction
(Bodé, 1992). The main objective of this com-
munication is to characterize haematologically
this endangered population, and to establish nor-
mal ranges.

We examined 45 adult females aged 3-17 years,
26 adult males aged 3-13 years, and 27 young don-
keys (<3 years) of both sexes. All animals
appeared clinically healthy. Stress was minimized
by handling the animals with care before samples
were collected. Data, which seemed to be nor-
mally distributed or approximate to a normal dis-
tribution after power transformation (Johnson &
Wichent, 1988), were analysed by analysis of vari-
ance (ANOVA). For other data, non-parametric
tests were used. Computations were performed
using a statistical software program (SAS, 1989).

Reference ranges are shown in Table 1. No sig-
nificant differences between sexes were found for
any parameter in agreement with the report of
French and Patrick (1995). However, other

*To whom correspondence should be addressed.

1090-0233/97/050163-06/$12-00/0

authors have reported sexual differences for some

parameters. For example, Zinkl et al (1990)

showed that females had higher values of mean -
corpuscular haemoglobin concentration

(MCHC), leucocyte and neutrophil counts than

males (P<0-05).

Age had the most influence on the haematolog-
ical parameters studied in our donkey population.
Nine of the 16 variables showed significant differ-
ences between young and adult animals, and
there was an interaction between age and sex for

_eosinophil count (P<0-05), with a decreased trend

with age in female subpopulation. Total and
differential leucocyte counts showed a significant
decrease with advancing age but numbers of
monocytes and basophils did not seem to be so
influenced. Similar results, with some exceptions,
have been obtained in horses (Jain, 1986) and
also in donkeys (Zinkl et al, 1990). In contrast to
our findings, however, Zinkl et al (1990), analys-
ing an American donkey population, reported a
significant aging increase in the eosinophil count
(P<0-05). On the other hand, Fowler and Zinkl
(1989) also obtained a marked age-related
increase in eosinophil counts in llamas in the
Western United States, postulating that this
increase may be attributable to increasing parasite
burden with age. Perhaps the decrease in eosino-
phil count with age reflects a lower parasite bur-
den; certainly the population of Catalonian don-
keys we examined was receiving routine
anthelmintic treatment.

Two red-cell parameters, mean corpuscular vol-
ume (MCV) and mean corpuscular haemoglobin
(MCH), and plasma protein all increased signifi-

© 1997 Bailliére Tindall
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Table I
- Haematological values of the Catalonian donkey
. Percentiles
Analyte n Meantsp 95% Median 5% Range
Erythrocyte count (10" 1™)
All donkeys 98 6-87+1-22 8.67 6-99 4.78 4-07-10-44
Young donkeys 27 7-14+1-34 8.94 6-96 5-26 4-46-10-44
Adult donkeys 71 6-77+1-17 - 8:52 7-00 4.78 4.07-10-16
(NS)
Haemoglobin (g ")
All donkeys 98 122-8+22-7 155 123 93 13-6-169
Young donkeys 27 118-4+14-1 136 121 93 93-0-149
Adult donkeys 71 124-5+25-1 158 124 96 13-6-169
. (NS)
Packed cell volume (117)
All donkeys 98 0-3610-05 0-45 0-35 0-27 0-13-0-48
Young donkeys 27 0-34%0-03 0-40 0-34 0-27 0-26-0-41
Adult donkeys 71 0-3610-05 0-45 0-36 0-28 0-13-0-48
(NS)
Mean corpuscular volume (F1)
All donkeys ' 98 52-617-5 63-8 53.5 40-3 20-4-68-8
Young donkeys 27 48-615-7 57-9 48-1 40-3 36-4-62-8
Adult donkeys 71 54.1+7-6 64-6 54.9 42.2 20-4-68-8
(**)
Mean corpuscular haemoglobin
concentration (g1™)
All donkeys 98 347.0£12-8 366 347 326 282-384
Young donkeys 27 347-1+11-2 363 345 328 321-366
Adult donkeys 71 346-9+13-4 368 348 326 282-384
: (NS)
Mean corpuscular haemoglobin (pg) -
All donkeys 98 18-4+2.-2 22-4 18-4 14-7 12-3-23-6
Young donkeys 27 16-9+1-9 19-8 16-8 13-9 12.5-21-5
Adult donkeys 71 19-1+2.1 22.6 19:3 15-9 12-3-23.6
Leucocytes (10°1™)
All donkeys 98 10-7+2-9 16-7 9-7 7-1 6-4-21-0
Young donkeys 27 13-943-0 17.7 14-3 9.7 7-5-21-0
Adult donkeys 71 9-6+1-8 13.7 9-3 6-9 6-4-15-4
(**)
Lymphocytes (10°17')
All donkeys -98 5.3+2-4 11-0 4-6 2-4 1-8-13-6
Young donkeys 27 - 8-0£2.7 - 127 7-3 4.7 3.2-13-6
Adult donkeys 71 4-2+1-2 6-4 4.3 2.4 1.8~ 7.8
(**)
Monocytes (10° )
All donkeys 98 0-22+0-19 0-59 0-19 0-00 0-00-1.05
Young donkeys 27 0-27+0-26 0-81 0-25 0-00 0-00-1-05
Adult donkeys 71 0-2110-16 0-52 0-19 0-00 0-00-0-77
(NS) '
Band neutrophils (10°1™")
All donkeys 98 0-06£0-11 0-31 0-00 0-00 0-00-0-60
Young donkeys 27 0-0910-14 0-34 0-00 0-00 0-00-0-60
Adult donkeys 71 0-08+0-10 0-25 0-04 0-00 0-00-0-56
(*)
Segmented neutrophils (10°1')
All donkeys 98 4.5%1-2 6-7 4.3 2-6 2.2-9-4
Young donkeys 27 5.0£1-3 7-2 4.9 3-0 2-3-7-6
71 4-3+1.2 6-3 4-2 2:6 2:2-9-4

Adult donkeys

(**)
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- Table I (continued)
Haematological values of the Catalonian donkey

Percentiles
Analyte n Meantsp 95% Median 5% Range
Eosinophils (10°1™)
All donkeys 98 0-6810-54 1.82 0-56 0-00 0-00-3-15
Young donkeys 27 0-8110-71 1-72 0-62 0-00 0-00-3-15
Adult donkeys 71 0-6310-46 1.82 0-52 0-00 0-00-1-98
*)
Basophils (10° 1)
All donkeys 98 0-02+0-06 0-20 0-00 0-00 0-00-0-26 -
Young donkeys 27 0-02+0-05 0-15 0-00 0-00 0-00-0-20
Adult donkeys 71 0-0210-06 0-20 0-00 0-00 0-00-0-26
o (NS)
Platelets (10°I™)
All donkeys 98 234-11£82-9 510-0 237.5 105-0 77-0-510-0
Young donkeys 27 228-91+86-5 367.0 237.0 95-0 94-0-431-0
Adult donkeys 71 236-1£82-1 357-0 238.-0 107.0 77-0-510-0
: (NS)
Fibrinogen (g17)
All donkeys . 98 2:08+0-59 3-04 2.07 1-23 0-00—4-45
Young donkeys 27 2-2610-67 3-17 2.22 1-82 0-00-4-21
Adult donkeys 71 2:0010-55 2.69 2.01 1.23 0-38-4-45
(**)
Plasma protein (g 1)
All donkeys 98 66-216-8 78-0 68-0 53.-0 46-5-87-0
Young donkeys ' 27 65-9£11-6 82-0 65-0 49-0 46-5-87-0
Adult donkeys 71 68-4+12.0 83-0 69-0 53. 48-8-87-0
(*)

(*) P<0-05; (**) P<0-01; (***) P<0-001; (NS) Not significant.

cantly with age (P<0-05, P<0-01 and P<0-05,
respectively). The increases in the former vari-
ables are associated with increases in packed cell
volume (PCV) and haemoglobin values, and the
decrease in erythrocyte count with age (Allen &
Archer, 1973). The age-related increase in plasma
protein concentration would be primarily caused
by increased 7Yglobulin concentration (Jain,
1986). A general tendency for increasing plasma
protein values with increasing age has been
observed in donkeys (Zinkl et al, 1990), horses
(Jain, 1986), and llamas (Fowler & Zinkl, 1989).
MCV and MCH also significantly increased with
age in previous donkey studies (Zinkl et al., 1990)
as well as in other species such as the horse (Jain,
1986).

Significant age-related differences were not
observed with the other parameters. Brown and
Cross (1969) and Zinkl et al. (1990) found a sig-
nificant decrease with age of erythrocyte counts in
donkey populations, suggesting that the smaller
sized erythrocytes of young donkeys could be
attributable to iron deficiency. French and Patrick
(1995), analysing similar haematological para-

meters in a large population of donkeys (ca. 4000
individuals), did not find significant differences
for sex and age factors for any analyte. They sug-
gested that the differences obtained by other
authors could be explained by inappropriate stat-
istics on a small non-normal sample.

Comparison of our results with previously pub-
lished values for donkeys (Table II) does not
reveal any large discrepancies (Zinkl et al, 1990;
French & Patrick, 1995) and any slight differences
may be ascribed to differences in techniques.
Nevertheless, it is worth mentioning that the lym-
phocyte count in Catalonian donkeys was slightly
higher than for other breeds and populations
(namely, the Mammoth donkey breed, USA don-
keys, and UK donkeys). On the other hand, com-
parison of donkey results with reference ranges
(Jain, 1986) for horses (Equus caballus) indicated
that most values are similar. Only the erythrocyte
count was slightly lower for donkeys (reference
range 4-7-9-0) than horses (6-8-12:9). The plate-
let count was slightly higher for donkeys
(105-584) than for horses (100-350), although
the means were approximately similar. :
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Haematological values for donkeys may vary
according to geographical and nutritional factors
(Fowler & Zinkl, 1989). Further studies in other
locations are now required.
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Clinical biochemical parameters of the endangered Catalonian
donkey breed: normal values and the influence of sex, age, and
management practices effect

J. JORDANA * P. FOLCH, Unitat de Genética i Millora Animal, Departament de Patologia i Produccié Animals,
R. CUENCA, Unitat de Patologia General, Departament de Patologia i Produccié Animals, Facultat de Veterinaria,
Universitat Autonoma de Barcelona 08193-Bellaterra, Barcelona, Spam

SUMMARY

Twelve clinical biochemical parameters were determined in 97 animals of all age groups and both sexes of the endangered
Catalonian donkey breed. Significant sex differences were observed for phospholipid concentration. (P<0-01). Evaluating the
effect of management practices on the various parameters showed significant differences for total bilirubin (P<0-001) and creati-
_nine (P<0-05) concentrations and y-glutamyltransferase (P< 0-05) activity. Moreover, it was observed that inorganic phosphorus
concentration decreased with age (P<0-001). whereas albumin and triglyceride concentrations increased with age (P<0-01 and
P<0-001, respectively). Comparison of biochemical ranges obtained for the Catalonian donkey breed with reference ranges for
other breeds and populations (Mammoth. USA donkeys. UK donkeys, Indian donkeys and Poitou donkeys). indicated that most
values were similar, with the exceptions of enzymatic activities mainly. The results reported in the present study could sérve as

reference ranges for donkey populations.

ALTHOUGH in several parts of the world donkeys are still
used for work, transporting goods over mountain roads,
agriculture and to pull coaches, in many others they have
become popular as companion animals. and the main object
of their owners is just to enjoy owning a donkey and look-
ing after it.

The Catalonian donkey is a local tame donkey breed
located in several Pyrenean and pre-Pyrenean regions of the
Catalonian area of northeast Spain, characterised by hyper-
metrical format, longilinear appearance and concaviline
cranial profile. The coat is a black colour with characteris-
tic fadings in the muzzle, orbital zone of the eyes, belly and
internal face of the extremities. The total number of exist-
ing animals obtained in a recent census showed that it
slightly surpasses one hundred individual, of which approx-
imately a third are males (Jordana and Folch, 1996). These
figures fit into the category of the Critical Breed (100
females) proposed by the FAO Expert Consultation
‘(Anonymous 1992), which implies that the breed is in dan-
ger of extinction (Bodé 1992).

This breed has contributed to the formation and improve-
ment of several European donkey breeds (Romagosa 1959,
Epstein 1984, Parés and Vilaré 1994), and has had a great
and decisive influence in the formation of the American
Ass or ‘Mammoth’ (Romagosa 1959, Aparicio 1960,
Briggs 1971, Epstein 1984, Sotillo and Serrano 1985, Parés
and Vilaré 1994).

This paper characterises biochemically this endanoered
population, establishing normal ranges for a number of bio-
chemical analytes and determining the possible influence of
sex, age and management practices effects on these. The
results were compared with those obtained in other donkey
breeds, and in horse.

* Corresponding author:
E-mail: jordana@guara.uab.cs

0034-5288/98/010007 + 04 S18.00/0

MATERIALS AND METHODS

Ninety-seven blood samples from 26 adult males aged
three to 13 years, 45 adult females aged three to 17 years,
and 26 young donkeys (<three years) of both sexes, belong-
ing to the Catalonian donkey breed were collected during
the period of March to April 1995. Blood samples were
obtained from the jugular vein in vacuated glass tubes.
Samples were allowed to clot at room temperature and
serum was separated by centrifugation at 1500 g for 10
minutes and stored at —20°C. Frozen samples were held in
storage for no more than one month, when biochemical
analyses were made. All individuals appeared clinically
healthy, and they were handled with care to minimise any
possible effects of stress. Donkeys were on routine
anthelmintic management programs.

‘Approximately 45 per cent of the animals (43 versus 97)
were from a single owner, all of them located in the same
geographical area, under the same management practices
and feeding conditions (group A), while the remaining don-
keys were from several small and disperse farms (group B);
therefore, the population was subdivided into two manage-
ment groups for analysis. None of the donkeys were regu-
larly worked.

Biochemical analysis were determined in a Cobas Bio
autoanalyser (Roche, Nuttley, NY) using commercially

- available test combinations. For urea, cholesterol, phospho-

lipids, creatinine, total bilirubin, albumin, aspartate amino-
transferase (AST), lactate dehydrogenase (LDH), y-glutamy!-
transferase (GGT), and creatine kinase (CK): (Boehringer
Mannheim GmbH, Mannheim, Germany), and for triglyc-
erides and inorganic phosphorus (IP): (Medical Analysis
Systems, INC., Camarillo, CA, USA).

Statistical analyses were performed using a statistical
software program (SAS 1989). Reference ranges were cal-
culated by use of standard deviation (SD) about the mean,

© 1998 W. B. Saunders Company Ltd
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TABLE 1: Clinical blochemical parameters of the Catalonian donkey breed for all, young (<3 years) and adult (>3 yeérs) animals. Reference ranges
are given as_Meanssn, interval from the fifth to the 95th percentiles about the Median, and minimum-, and maximum-values. N is the analysed sam-

ple size -
Percentiles
. Mean
Analyte : . . N +SD 95% Median 5% Range
Urea (mg dl-i) All donkeys 97 361 7.7 476 364 22.2 16-0-56-8
- Young donkeys 26 34.0 8.2 439 336 172 16-0-47-1
Adult donkeys 7 372172 49.0 374 268 17-6-56-8
Cholesterol {mg di-1) All donkeys 97 711 £26-3 96-8 66-3 51.0 40.7-249-3
Young donkeys 26 81.4 +45.0 1728 679 52:5 43.5-249-3
Aduit donkeys 71 67-4 +13-1 92-3 65-3 51-0 40-7-1083 ~
Triglyceride (mg dr) All donkeys 97 74.8 £32.5 1378 680 29-9 11-1:182.4
) Young donkeys 26 §3.7 £20-3 92.2 54.6 278 21.5-104.9
Adult donkeys 71 82.5132:8 140-2 789 36-2 11.1-182.4
AST (U litre™) All donkeys 97 254 £57 370 243 175 165-491
Young donkeys 26 262 +79 423 246 174 165-491
Adult donkeys 71 251 +47 360 243 179 166-394
Inarganic phosphorus (mg di~1) ‘All donkeys 97. 3-80 £0-86 5-51 374 2:51 2-21-5.90
. Young donkeys 26 464 £0-70 5.78 4.50 3-89 2.97-5.90
Adult donkeys 7 3.49 x0-69 4.75 3.40 249 2.21-5.03
LOH (U litre=1) All donkeys 97 315 £139 590 291 126 94-869
Young dankeys 26 307 £102 424 322 152 94-574
Adult donkeys 4l 318 £151 705 279 126 117-869
Phospholipids (mmol litre~1) " All donkeys 95 1.71 £0-42 2-44 1-69 1-12 0.01-3.34
’ Young donkeys 24 1.71 :0-41 2.03 1.68 1.68 1.12-3.34
Adult donkeys 4l 1.71 2049 244 1.70 1.04 0-01-2.71
GGT (U litre=1) All donkeys 97 48 +22 99 43 21 20-112
Young donkeys 26 52 +24 105 47 21 20-112
Adult donkeys 71 47 £22 95 42 ‘23 20-101
Creatinine (mg di-1) All donkeys 97 1-06 £0-22 1.44 1-08 073 0-49-1.56
Young donkeys 26 0-95 +0-21 1.23 097 0-67. 0-49-1.52
Adult donkeys 71 1.10 +0-22 1.44 110 0.77 0-73-1.56
Creatine kinage (U litre=1) All donkeys’ 97 195 104 406 168 87 75-645
Young donkeys 26 206 £90 401 180 126 110-481
Adu_lt donkeys 71 191 £109 406 155 .81 75-645
Total bilirubin (mg di") All donkeys 97 0-05 +0-03 012 0-05 0-00 0-00-0-17
: Young donkeys 26 0.05 +0-03 011 005 0-00 0-00-0-16
Adult donkeys 4l 0.05 +0-03 012 0.05 0-00 0-00-0-17
Albumin (g di-) All donkeys 97 2.68 +0-36 3.25 27 2.03 1.75-3.61
Young donkeys 26 2-49 £0-30 303 2.42 2:10 2-03-3-16
Adult donkeys 7 2.75 x0-36 3.30 276 2.02 1.75-3-61

AST = Aspanate transaminase; LOH = Lactate dehydrogenase, GGT = y-Glutamyltransferase

the interval from the fifth to the 95th percentiles about the
median, and minimum-, and maximum-observed values for
each biochemical parameter.

Statistical differences for several factors of variation; age
(young donkey versus adult donkey), sex (female versus
male) and management group (group A versus group B). and
the existence of possible interactions between these factors
of variation. for data normally distributed or data approxi-
mate to a normal distribution after power transformation
(Johnson and Wichent 1988), were analysed by the ANOVA
test. If data did not seem to be normally distributed. non-
parametric tests (SAS/STAT. proc nparlway) were used.

RESULTS

Reference ranges of chemical constituents of the blood
of the Catalonian donkey breed. determined in the present
study. are shown in Table 1.

Three analytes (urea. creatinine and albumin) seemed to
be normally distributed. The distributions of the rest of the
analytes do not have a normal distribution, although three
of them (trigiycerides, AST and inorganic phosphorus),
would approach a normal distribution after power transfor-
mation. However, with the other six variables (cholesterol,
LDH. phospholipids. GGT. CK and total bilirubin). there is
not a power transformation suitable enough to approach the

density distribution normality; as a result, non-parametric
analyses for these variables were found to be more appro-
priate in order to compare levels of factors in the study.

Significant differences were not obtained in the values of
any parameter for the sex effect, except for phospholipid
concentration, where the values for the male subpopulation
(mean = 1-82 %0-54) were significantly higher (P<0-01)
than those for females (mean = 1-55 +0-33). Significant
variations were observed in the values of total bilirubin
(P<0-001) and creatinine (P<0-05) concentrations, and GGT
activity (P<0-05) between management groups. Inorganic
phosphorus (IP) concentration decreased significantly with
age (P<0-001), whereas albumin (P<0-01) and triglyceride
(P<0-001) concentrations increased with age. Interaction
between age and sex for urea concentration (P<0-05), as
well as between age and management group (P<0-05). and
among age. sex and management group (P<0-05) for albu-
min concentration, were observed.

Comparison of clinical biochemical ranges of Catalonian
donkeys with other donkey breeds and populations. and
horses is shown in Table 2.

DISCUSSION

Only bhospholipid concentration showed a significant
sex effect (P<0-01) in the Catalonian donkey population.
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TABLE 2: Comparison of blochemical parameters of Catalonian donkeys with other donkey breeds and populations, and horses. Reférence ranges
are given as MeanszSD, and 5 per cent to 95 per cent percentiles. Percentile ranges for American donkey populations (1) are given as a whole, and
refer to the 2.5 per cent to 97-5 per cent interval; percentile ranges for the studied populations (3) by Gupta et al (1994), refer to the 0 per cent to 100

per cent interval. Within parentheses analysed sample size

Catalonian USA UK Indian Poitou

Analyte donkeys donkeys? Mammoths! donkeys? donkeys3 donkeys? Horses?*
Urea (mg di-1) ~ :

Mean +SD 361 £7-7 (97) 18-5 +5-0 (215) 19-0 £5-0 (12) - 25.0 £0-7 (15) 21.5 +0-8 (18) -

5% to 95% 22-1-47-6 (97) 14.9-57.7 11.4-45.6 (4213) 18.8-32-0 (15) 14.1-31.2 (18) - 21.4-51.3

- Cholesterot (mg di-1) . : .

Mean S0 > 711 £26:3 (97)  108-0 +30-0 (215)  76-0 £20-0 (12) - 56-8 0.7 (15) - 55.0 £0-7 (18) 111.0 £18.0

5% 0 95% 51-0-96-8 (97) 730-1870 : - 44.4-77.7 (15) 37.667-5(18) 75:0-1500
Triglyceride (mg ')

Mean 5D 74-8 £32.5(97) - - - - - -

5% 10 95% 293-137.8 (97) - = - - - -
AST (U litrg™)

Mean 5D 254 157 (97) 487£119(214) 439106 (12) - - 296 £70

5% to 95% 175-370(97) 292-730 - - - 226-366
P (mgd)

Mean £50 380 £0-86 (97) 4.30 £1-30 (211) 370 090 (12) -~ 2.90 +0-10 (15) 2:90 £0-20(18) -

5% to 95% 2:51-5.51(97) 240-700 - 2:304.30 (15) 190490 (18) 310-560
LDH (U litre™") - ’

Mean +SD 315+139(97) 427 £161 (215) 466 £167 (12) - - - 252 163

5% t0 95% 126-590 (97) 187-7.58 - - - 162412
GGT (U ftre~1) ]

Mean £SO 48 +22 (37} 69 £29 (108) 7228 (12} - - - 8«1

5% to 95% 21-99(97) 19-134 849 (4220) - : - 413
Creatinine (mg ") : :

Mean 5D 106 +0-22 (97) 110 10-30 (108) 1-10+0-30 (12) - 1.2040-10 (15) 1-40+0-10 (18) -

5% 10 95% 0.73-1-44 (97) 0-60-1-50 0-50-1-50 (1135) 0-80+1-80 (15} 1.00+1.80(18) 1.20-1.90
Creatine Kinase (U litre™)

Mean 50 195+104 (97) 64+43 (108) 47426 (12) - : - - 1345

5% to 95% 87-406 (97) 20-186 15-149 (4218) - - . 223
Total Bifirubin (mg di-?) .

Mean £SD 0-05 +0-03(97) 0-10 £0-20 (215) 0-20 +0-50 (12) - 0-30 +0-07 (15) 0-30 1007 (18) 1.00 £0-00

5% 0 95% 0-00-0-12 (97) 0-00-0-60 0010-77 (4212) 0-20-0-60 (15) 0-10-0-50 (18) 1.00-200
Alburnin (g d) o .

Mean £SD 268 +-36 (97) 3-30 +0-30 (215) 340 10-20(12) - 360 +0-10 (15) 370 +0-10(18) 3-00 10-20

5% to 95% 2-02-3-30 (97) 2-60-4.10 2-00-3-40 (1688) 3-20-3-90 (15) 3:-10-4-10 (18) 2-60-3-70

AST = Aspartate transaminase; LDH = Lactate dehydrogenase, IP =

Inorganic phosphorus; GGT = y-Glutamyltransterase

(1) Zinkl et al 1990, (2} French and Patrick 1995, (3) Gupta et al 1994, (4) Kaneko 1989

The absence of a sex effect on biochemical parameters in
donkey populations was previously reported by French and
Patrick (1995) in 1S analytes, and by Zinkl et al (1990) in
several populations for 22 analytes. However, none of these
authors actually analysed for phospholipid concentrations.

Zinkl et al (1990) found an age-sex interaction only for

alkaline phosphatase activity (P<0-05) which was not mea-
sured in this current study. Although an effect of sex has
prewously been reported for inorganic phosphorus concen-
tration in one study of adult donkeys (Nayeri 1978), with
males having higher values, this has not been found in the
other studies, cited above, and was not the case in this pre-
sent investigation.

As for management practices effect, significant differ-
ences for three of the 12 analytes (total bilirubin and creati-
nine concentrations, and GGT activity) were found, reflect-
ing. perhaps, differences in the feeding conditions between
both groups of donkeys. since creatinine concentration
depends upon the total body content of creatine, which in
turn, depends upon dietary intake and muscle mass
. (Kaneko 1989). '

‘A very significant decrease with age was observed for IP
concentration in the Catalonian donkey breed (P<0-001).
Similar results were also reported by Zinkl et al (1990),
arguing that this 1P decrease with age (P<0-05) probably
reflects decreased bone metabolism as animals become
older.

Albumin (P<0-01) and triglyceride (P<0-001) concentra-
tions increased significantly with age. French and Patrick
(1995) and Zinkl et al (1990) did not find any significant
differences with age for these analytes. although Zinkl et al
(1990) pointed out that the interaction between age and sex

was slightly above the 0-05 probability level for albumin
concentration. Although, regarding age influence on albu-
min concentration, we cannot explain why the results from
this study do seem to disagree with what normally occurs in
other animal species, where there tends to be a general
increase in total protein, a slight decrease in albumin and a
progressive increase in globulins with advancing age
(Kaneko 1989).

French and Patrick (1995) analysmg similar clinical bio-
chemical parameters in a large population of donkeys
(=4000 individuals) did not find significant differences for
sex or.age factors for any analyte, suggesting that the
differences obtained by other authors for these factors
could possibly be explained by the inappropriate use of
parametric statistics on a small non-normal sample.
Notwithstanding, the results of the current study were
obtained from data normally distributed, data approx-
imate to a normal distribution after power transformation,
and non-parametric analyses and confirm the influence
of age, sex and herd effects for some biochemical
parameters.

With regard to the comparison of results obtained in the
Catalonian donkey breed with other populations (Table 2),
we have commented that, since the original data from the
other breeds and populations are not available. we have not
been able to test for statistical differences among popula-
tions. We have to constrain ourselves to an approximate
interpretation of the comparisons, so these will have to be
interpreted with caution.

Most of the results in this study agree with those given
by Zinkl et al (1990). Gupta et al (1994) and French and
Patrick (1995). with the exceptions of enzymatic activities.
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Nevertheless, we would like to mention that slight differ-
ences in the reference ranges among populations could
reflect differences in methodologies used as well as equip-
ment between the various laboratories.

The AST and LDH enzymatic activities for Catalonian
donkeys reference ranges were lower than for the USA and
Mammoth donkeys (Zinkl et al 1990). The enzymatic activ-
ity for GGT showed to be very similar for the Catalonian
donkey and the American populations, being higher, how-
ever, than ranges obtained in UK donkeys (French and
Patrick 1995). Creatine kinase activity for Catalonian don-
keys was higher than for American and UK donkey popula-
tions. The cholesterol concentration ranges for Indian and
Poitou donkeys (Gupta et al 1994) were lower than ranges
in Catalonian, USA and Mammoth donkeys. The reference
ranges for the remaining parameters were very similar in all
donkey popuiations.

On the other hand, comparison of donkey results with
reference ranges (Kaneko 1989) for warm-blooded horses

- (Equus caballus) were also very similar for some analytes.
Disagreement was shown for total bilirubin concentration
(donkey was lower than horse), and for creatine kinase and
GGT activities, where donkey ranges were higher than
horses.

Other slight differences, and dependent upon analysed
donkey populations, were shown for cholesterol concentra-
tion and AST activity. The cholesterol concentration values
for Catalonian donkey and American donkey populations
were similar to the horse. However, the ranges of Indian
and Poitou donkeys were half that for horses. AST activity
was similar in both Catalonian donkeys and horses. where-
as the ranges were appreciably higher in American donkey
populations than in horses.

Data in this study and additional studies in other loca-
tions, which would be desirable. can enhance our under-
standing on biochemical parameters in this species: this
will allow veterinarians to establish an appropriate interpre-
tation of laboratory data and give these animals appropriate
care,
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Summhry

‘Genetic variation of the endangered Catalonian donkey breed has been analysed,
by using seven biochemical genetic loci and twelve microsétellite loci isolated frorﬁ the
domestic horse, in 98 individuals of both sexes. Only four protein markers and three
microsatellites were shown to be pblymorphic. All of the analysed loci showed élose
agreement with Hardy-Weinberg proportions, with the exception of the MPZOO2 locusy
(P<0.01). |

The within-population inbreeding estimate was not significantly different from

zero (as measured by Fis-statistic). The cumulative-exclusion probability for all

polymorphic loci was 82.9%, this value still being very low so that these markers could

efficiently be utilised for parentage verification. -

- Keywords: donkey, endangered breed, genetic variation, inbreeding, parentage control.

Ihtroduction

The Cataloniah donkey breed is a population in danger of extinction which is
located in several Pyrenean and pre-Pyrenean regions of the Catalonian area of Northeast
Spain. The last census carried out only slightly surpassed one hundred animals, a third of
which were males (Jordana & Foch 1996). Following the guidelines proposed by the FAQ,
this breed was characterised morphologically (Folch & Jordana 1997) as well as
haematologically -(Folch et al, 1957), by clinical biochemical pafameters (Jordana et ﬁl. 1998)
and derﬁographically (Folch & Jordana 1998), the purpose of this paper being to genetically

characterise this population in danger of extinction.
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_ Markers used in order to carry out this type of studies have always been the

conventional biochemical polymorphisms (protein markers) and, more recently, the those

‘DNA hypervariable sequences known as microsatellites (SSR-Simple Sequence Repeat or

STR-Short Tandem Repeat), with these now being the markers of election in the study of
variation measurements and genetic structure of populations (Goldstein & Péllock 1997).
Néve‘ﬂheless, in the asinine species (Equus asinus) there are a few works related to this topic,
énd there have been a reduced number of genetic polymorphic loci (protein markers)-
described in several analysed populations (Niece & Kracht 1967, Mengozzi et al. 1982;
Bowling & Nickel .1985; Ketchum & Cothran 1989; Bell 1994; Ouragh et al. 1996). On the
matter of micfosatellite markers analysis, no paper exists, at léast until noﬁv, which has utilised
these markers in donkey populations. Only Breen ef al. (1994), and in a total of eight
ihdividuals, verified that a set of thirteen loci, isolated from the domestic horse (Equus
caballus), amplified (5y PCR-Polymerase Chain Reaction techniques) saﬁéfacton'ly in the
donkeys.

The two main, priority objectives proposed in the Catalonian donkey breed

‘Conservation Programme are: (1) maximum genetic diversity maintenance, (2) with the

minimum possible consanguinity increase per generation. For this, the knowledge of the

genetic population structure is basic. The research and analysis of polymorphic markers

will allow us to describe levels of genetic vanability, to carry out estimates which

approach the degree of inbreeding, to identify the most heterozygous individuals of the

population in order to be able to programme the best matings (Gill & Harland 1992)
which will retain the maximum ancestral genetic variability (Alderson 1992; Boichard et
al. 1997), to provide reliable tools for parentage verification, and lastly, to provide

adequate information for phylogenetically relating this breed with the other worldwide

‘donkey breeds.
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Materials ahd methods

Animals and genetic loci analysed

Blood samples from ninety-eight individuals of both sexes, which represent

- approximately 95% of the total census of the breed, were examined for variation at seven

biochemical genetic loci and twelve microsatellite loci. The 6-Phosphogluconate

dehydrogenase (PGD) and Glucose phosphate isomerase (GPI) red-blood-cell systems

were analysed by horizontal electrophoresis in agarose gel (Gahne &'Juneja 1985). The

- other five were plasma systems: Albumin (ALB),. detected by horizontal electrophoresis

in starch gel (Bortolozzi 1983); Transferrin (TF), Vitamin D-binding'protein (GC), Alpha

1-B glyéoprotein (A1B) and Protease inhibitor (PI), fyped by horizontal electrophoresis

- in polyacrylamide gels (Juneja & Gahne 1987, Bell 1994).

Twelve microsatellite loci, isolated from the domestic horse,v HMS1, HMS3,

HMSS, HMS6, HMS7, HTG6, HTGS8, HTG14, HTG15, MPZ001, MPZ002 and VHL20

(Breen et al. 1994), were also analysed in this study’s donkey population. Amplification

PCR products were resolved through a 10% PAGE by ethidium bromide staining. Two

size markers were used: markers V and VIII from Bdehn'nger. Pedigrees were available

for analysis.

Statistical analyses
Alleles frequencies and mean heterozygosity values per polymorphic locus were
obtained using the BIOSYS-1 computer programme (Swofford & Selander 1989). Tests

of genotype frequencies for deviations from Hardy-Weinberg equilibrium were carried

* out using the exact tests of the GENEPOP computer programme (Raymond & Rousset

1995). Tests were carried out separately for both types of markers.
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Using the methods of Weir & Cockerham (1984), as implemented in the FSTAT

computer programme (Goudet 1995), the f-statistic value for each locus was calculated,

~ the only one of the F-statistics that can be estimated from frequency data for a single

population, which measures fhe correlation between pairs of genes within individuals
within populations, and is analogous to Wright’sl(1965, 1978) Fis-statistic; that is to say,
it measures the deficit or the excess of heterozygotes which could exist in the Catalonian
donkey breed, and their significance was determined from permutation testé_ wnth the
sequential Bonferroni procedure (Hochberg 1988) applied over loci (alleles were
permuted within the population) in deriving significance levels.

Polymorphic information content (PIC), for each microsatellite loci, was

calculated according -to Botstein et al. (1980), and, for all systems, probability of

exclusion (PE) was determined according to Jamieson’s formula (1994).

Results and discussion

Alleles frequencies, statistics of geneﬁc variability, and PIC and PE valueé, for
biochemical polymorphism and microsatellite loci, are shown in Tables 1 and 2,
respectively.

Only four protein markers were shown to be polymorphic (TF, PGD, GC and
PI). All allelic variants obtained in our population have already been previously described
in the scarce, éxisteﬁt bibliography on the topic, with a very similar distribution in their

genic frequencies (Bell 1994). Perhaps the only point of interest could be the TF™

wvariant, which in the several analysed donkey populations from the USA, Australia, Italy

and Morocco, was shown as a rare allele, its frequency ranging from between 0.002 to
0.044, while in the Catalonian donkeys it had a relatively more elevated value (0.272),

possibly due to some bottleneck or founder effect which this pbpulation might have
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suffered at some time in its history. In ref_erence to twelve analysed microsatellites, not

* many things can be said because there are not other works where a comparison could be

made. Only three of these microsatellites were shown to be polymorphic: HTG6, four

alleles detected with sizes ranging from between‘lan 82 bp to 90 bp interval; MPZ002,
two alleles ranging between 80-89 bp; and VHL20, two alleles ranging between 86-104
bp. The different variants found for each one of them (poly-, and monomorphic loci) are
within the described ranges (bp size) by Breen et al. (1994). | |

.All protein markers showed cloge agreement with Hardy-Weinberg Equilibrium
(HWE). For the microsatellite loci, only MPZ002 showed significant disagreement with
HWE, showing a very significant excess of heterozygotes (P<0.01).

When the population was divided into two subpopulations, corresponding to

males and females, it could be checked that statistically significant differences did not

- exist in the allelic and genotypic distribution for any loci, between both subpopulations

(GENEPOP programme, data not shown). All loci showed agreement with HWE in the
two subpopulations, with the exception of the MPZ002 locus in the female
subpopulation (P<0.05). The male subpopulation was in HWE for this locus (P>0.05),
although it almost wﬁs not (P=0.055). These vélues confirm the excess of heterozygotes
observed.for the global population, which was produced‘ in males. as wéll as females. The‘
fact that MPZ002 genic frequencieé are statistically equal for males and females (non-
significant differences) made us refuse the hypothesis of a possible Robertsonv Effect
(Robertson 1965) in order to explain this significant excess of heterozygotes, perhaps
indicating a loéus-speciﬁc effect which suggests selection affecting this locus (Barker et
al., 1997).

The within-population inbreeding estimates (f = Fis) are shown in Table 3. For

each locus, no value was significantly different from zero. The mean f estimates were not
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significant either. This Fis (f) average, obtained from a jackknifing over loci, was equal to

. =0.079 £ 0,050 for the protein markers. Carrying out a bootstrap analysis over loci, the

true value of the Fis-statistic, with a 95% cbnﬁdence intewal, would range from between
-0. 1-20 to 0.049. For microsatellite loci, with.the same confidence interval, these values
would oscillaté betweén -0.304 and 0.097. |

These results indicate that, in principle, a signiﬁcant.degree of inbreeding in this

population does not exist. Logically, in order to be able to give more reliable inbreeding

" values, more loci should be analysed. However, the results obtained with this finite and

reduced number of markers allow us to postulate the following hypothesis: inbreeding, in

case it existed, would be negligible. It is well known that inbreeding affects all or a large

| majority of loci in a similar way, in the sense of a deficit of heterozygotes, and in the
: present work, no deficit for any of the seven polymorphic markers analysed has been

detected. So, although the population of Catalonian donkeys is classified as a breed in

danger of éxtinction (reduced popﬁlation size), with the associated problems which this
produces in the levelé of consanguinity, these results would indicate that breeding policy
in tﬁe last few decades has been very correct, in the sense of avoiding the mating among
dosely related individuals to the fnaximum extent possible, and maintaining, to the
maximum degree possible, the genetic ancestral variability, as the relatively high values
of heterozygosity indicate. These results agree with those obtained from gehealogical
data, in the same population, by Folch & Jordana (1998)1

| Tables 1 and 2 show the theoretical exclusion probabilities (PE) for each
polymorpﬁic locus, ranging from between 0.020 for the PGD system to 0.464 for the TF
locus, with the cumulative PE 'for'all loci being 0.829.- This 82.9% of PE is thought to
still be very low to be used as an effective tool in parentage verification. This control is

vei'y important for this endangered breed, the optimal mating being, pursued by the
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Programme . of Conservation’s technicians, between a stallion and a jenny, which '_
. minimizes. the inbreeding coefficient and maximizes the genetic ancestral variability

retention of the hypothetical offspring of the couple (Folch & Jordana 1998).

Acknowledgements

The authors wish to thank the Departament d’Agn'culturé, Ramaderia i Pesca of
the Generalitat de Catalunya, which ﬁﬁanced this study§ likewise, the AFRAC association
Ifor their helpful co-operation and assistence during sample collection. Also, we would

like to thank Chuck Simmons for the English revision.



O W < N AW N

W W W NN NN NN N RN NN e e e e e o e e e
GO = O YW ® RN G R LN~ S VOO N Bs W N - o

References

Alderson G.L.H. (1992) A system tolmaximize the maintenance of genetic variability in small

populations. In: Genetic Conservation of Domestic Livestock (ed. by L. Alderson &
I. Bodo), pp. 18-29. CAB International, Wallingford.

Barker J.SF., Moore S.S., Hetzel D.J.S., Evans D., Tan S.G. & Byme K. (1997) Genetic

diversity of Asian water buffalo (Bubalus bubalis). microsatellite variation and a
comparison with protein-coding loci. Animal Genetics 28, 103-15.

Bell K. (1994) Blood protein polymorphisms in the dohkey (Equus asinus). Animal Genetics
25 (Suppl. 1), 109-13.

‘Boichard D., Maignel L. & Verrier E. (1997) The value of using probabilities of gene origin

to measure genetic variability in a population. Genefics Selection Evolution 29, 5-23.
Bortolozzi J. (1983) Polimorfismo da albumina sérica em bovinos da raga Canchim. Revista
Ciéncia biomédica, Sao Paulo 4, 1-6. | |
Botstein D., White R L., Skolnick M. & Davis R W. (1980) Construction of a genetic linkage
madp in man usmg restriction fragment length polymorohisms. American Journal of
Human Genetics 32,314-31.

Bowling A. & Nickel L.S. (1985) [nhen’tahce of Equus asinus serum albumin variants in

hybrid offspring. Journal of Heredity 76, 73-4.
Breen M., Downs P, Irvin Z. & Bell K. (1994) Intragénen'c amplification of horse
microsatellite markers with emphasis on the Przewalski’s horse (£. przewalskir).

‘Animal Genetics 25, 401-5.

~ Folch P. & Jordana J. (1997) Characterization, reference ranges and the influence of gender

on morphological parameters of the endangered Catalonian donkey breed. Journal of
Equine Veterinary Science 17, 102-11.

Folch P. & Jordana J. (1998) Demographic characterisation, inbreeding and maintenance of

genetie diversity in the endangered Catalonian donkey breed. Genetics Selection

Evolution (in press)

| Folch P., Jordana J. & Cuenca C. (1997) Reference ranges and the mﬂuence of age and sex

on haematological values of the endangered Catalonian donkey breed. The Veterinary
Journal 154, 163-8.

"Gahne B. & Juneja RK. (1985) Prediction .of the halothane (Hal) genotypes of pigs by

deducing Hal, Phi, Po2, Pgs haplotypes of parents and offspring: results from a large-



— O N0 0 N N R W = O VYD W N e

© 0 9 O U h W N -

10

scale practice in Swedish breeds. Amimal Blood Groups and Biochemical Genetics
16, 265-83.

‘Gill JJB. & Harland M. (1992) Maximal maintenance of genetic variation in small

populations. In: Genetic Conservation of Domestic.Livestock (ed. by L. Alderson &
I. Bod6), pp. 3-17. CAB International, Wallingford. |
Goldstein D.B. & Pollock D.D. (1997) Launching microsatellites: a review of mutation
processes and methods of phylogenetic inference. Journal of Heredity 88, 335-42.
Goudet J. (1985) FSTAT (Version 1.2): A computer program to calculate F-statistics.
 Journal of Heredity 86, 485-6. |

‘Hochberg Y. (1988) A sharper Bonferroni procedure for multiple tests of - significance.

Biometrika 75, 800-2.

| Jarmeson A. (1994) The eﬁ'ectlveness of using co-dominant polymorphlc allelic series for (1)

checking pedigrees and (2) distinguishing ﬁxll-snb pair members. Animal Genetics 25
“(Suppl. 1), 37-44. ’
Jordana J. & Folch P. (1996) The endangered Catalonian donkey breed: the main ancestor of
the American ass or Mainmoth. Journal of Equine Veterinary Science 16, 436-41.

Jordana J., Folch P. & Cuenca C. (1998) Clinical biochemical parameters of the endangered

Catalonian donkey breed: normal values and the influence of sex, age and
management practices effect. Research in Veterinary Science (in press).

Juneja RK. & Gahne B. (1987) Simultaneous phenotyping of pig plasma a-protease
inhibitors (P11, PO1A, PO1B, Pi2) and four other proteins (PO2, TF, CP, HPX)
by a simple method of 2D horizontal electrophoresis. Animal Genetics 18, 197-
211

Ketchum M.S. & Cothran E.G. (1989) Examination of the protease inhibitor system of |

Equus asinus using 1-D acid PAGE. Animal Genetics 20 (Suppl. 1), 66.

Mengozzi G., de Berardinis T., Guidi G. and de Giovanni C. (1982) Comparison

| between five italian donkey breeds by means of some blood markers (Sardinian,
* Ragusani, Amiatini, Gubbio and Asinara). In: Current Status of Equine Blood
Typing (Ozieri, 1982) Regione Toscana-Vietata la riproduzione, pp. 91-98.

| Niece RL. & Kracht D.W. (1967) Genetics of transferrins in burros (Equus asinus).

Genetics 57, 837-41.



O 00 N Y W bW e

e et e e et
N A W N - O

11

Ouragh L., Quassat M. & Machmoum M. (1996) Blood protein polymorphisms in the

donkey (Equus asinus) in Morocco. Animal Genetics 27 (Suppl. 2), 35.

Raymond M. & Rousset F. (1995) GENEPOP (Version 1.2): Population genetics

software for excact test and ecumenicism. Journal of Heredity 86, 248-9.
Robertson A. (1965) The interpretation of genotypic ratios in domestic animal
populations. Animal Production 7, 319-24.

Swofford D.L. & Selander R B. (1989) BIOSYS-1 A computer program for the analysis

of allelic variation in populatlon genetics and biochemical systematlcs Release

1. 7, lllinois Natural History Survey, Champaign IL. pp. 43.

‘Weir B.S. & Cockerham C.C. (1984) Estlmatmg F-statistics for the analysis of

population structure. Evolution 38, 1358-70.
Wright S. (1965) The interpretation of population structure by F-statistics with special
| regard to systems of mating. Evolution 38, 1358-70.
Wright S. (1978) Evolution and the Genetics of Populations, Vol. 4. Variability within
and among natural poﬁulations. University of Chicago Press, Chicago.



10
11
12

13

12

_ Legénds to Tables

Table 1. Allele frequencies, heterozygosity per locus and mean values (H,=observed,
- H.=expected), ‘and exclusion probability (PE) per analysed biochemical

polymorphic locus.

Table 2. Allele frequencies, heterozygosity per locus and mean values, polymorphic

information content (PIC) and exclusion probability (PE) per analysed

microsatellite polymorphic locus.

- Table 3. Fis-statistic analysis. Within-population inbreeding estimate (f) in the Catalonian

donkey breed for both sets of markers (biochemical polymorphisms and

microsatellite loci).



Locus Alleles Frequency H, H, PE
TF Ad 0.397
Bd 0217
Cd 0.114
Dd 0.272
0.783 0712  0.464
PGD Cd 0.021 :
' F 0.979
S 0.000
. 0.042 0.041 0.020
GC F 0.186 '
S 0.814 |
0.287 0.305 0.128
PI M 0.877
T 0.126 .
0.253 0.222 0.097
" Mean heterozygosity 0.341 0.320
(0.157) (0.142)
Cumulative exclusion probability 0.586

* Unbiased estimate (Nei 1978)
Standard errors in parentheses
d = donkey specific variant



. Locus Alleles  Frequency

H, He PIC . PE

"HTG6 A 0.092
B 0.092
C 0.342
D 0.474

v 0.643 0.644 0.577 0.376
MPZ002 A ©0.520
B 0.480

0.653 0.502 0.374 0.187
VHL20 A 0.429
B 0.57M

0.490 0.492 0.370 0.185

Mean heterozygosity 0.595 0.546
, (0.053 (0.049)
Cumulative exclusion probability - 0.587

* Unbiased estimate (Nei 1978)
Standard errors in parentheses



Protein Markers Microsatellite Loci

Locus Fis=f Locus ‘ Fig=f

F 20099 HTG6 0.002

PGD -0.016 MPZ002 -0.304
GC 0.057 VHL20 , 0.005

Pl -0.139

Mean estimate - 0.079 (0.050)* Mean estimate - 0.086 (0.097)

+ Mean estimate from jackknife over loci. Standard deviations in parentheses.
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SUMMARY

A total of 107 individuals of the Catalonian donkey breed were analysed by using a
commercial equine paternity PCR typing kit. Eleven of twelve microsatellites were amplified for
donkey's DNA. Only one locus, ASB2, did not amplified in any sample. The mean number of alleles
detected per locus was 11.9 (£1.0). All of the analysed loci showed disagreement with Hardy-
Weinberg proportions. The within-population inbreeding estimate was highly significant (P<0.01)
and equal to 30.1% (as measured by Fys -statistic).

The cumulative exclusion probability was 0.999, being an effective tool in parentage
verification in donkeys.

INTRODUCTION

The Catalonian donkey breed is a population in danger of extinction which is located in
several Pyrenean and pre-Pyrenean reglons of the Catalonian area of Northeast Spain. Following
the guidelines proposed by the FAO, this breed has been characterised in order to carry out the
“Programme of Consefvation and Maintenance of Animal Genetic Resources” in this
population. (Jordana and Folch, 1998a)

In a previous study, this breed was genetically characterised (Jordana and Folch,
1998b) by using 7 biochemical polymorphisms (protein markers) and the analysis of 12 Short
Tandem Repeét loci (STRs or microsatellites) by resolution through a polyacrilamide gel and
by ethidium bromide staining.

However, the new StockMarks for Horses Equine Paternity PCR Typing Kit (PE Applied
Biosystems) combines the advantages of PCR-based tests and the informativeness of microsatellites
to brovide an automated approach to genotyping individuals for parentage verification. It is based
on 12 microsatellite loci which primers are fluorescent dye-labeled. This procedure provides an
obvious alternative to microsatellite analysis being a more rapid and reliable way of genotyping
DNA.

The aim of this paper is to describe higher efficacy than obtained before by using an
alternative system to identify incorrect parentage in order to carry out the Programme of

Conservation in this breed.
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MATERIAL AND METHODS
| This study was carried out with 107 individuals of both sexes (76 females and 31 males).
Donkey DNA was prepared from whole blood according to standard methods involving lysates of
washed red cells and phenol-cloroform-isoalmiloalcohol (25:24:1) extraction.
We used the polymerase chain reaction to amplifiy Donkey DNA by using StockMarcks for
Horses Kit Reagents (Perkin Elmer) from 12 previously reported loci: ASB2 (accession number:
X93516); AHT4 (accession number: Y07733); AHTS (accession number: Y07732); HMS2,
HMS3, HMS6, HMS7 (Guerin et al. 1994); HTG4, HTG6 (Ellegren et al. 1992); HTG7, HTG10

‘(Marklund et al. 1994) and VHL20 (van Haeringen et al. 1994). PCR primers designated to
‘amplify the loci described were isolated from E. caballus.

All amplification reactions were performed in two multiplex PCR (eight-plex and four-
plex), both in a final volume of 20 ml buffer containing 2.5 ul StockMarks PCR buffer (containing
either 100 mM Tris-HCL 500 mM KCl, 15 mM MgCl,, pH 8.3), 4 ul dNTPs (1.25 mM each
nucleotide), 0.5 pl each primer (dye-labeled forward primer with its corresponding unlabeled
reverse primer), 0.5 pl AmpliTaq Gold (5 U/jl) and 20 ng of donkey's DNA_

Eight-plex reaction combined the following primer pairs: AHT4, HMS3, HMS6, HMS7,
HTG4, HTG6, HTG7, VHL20; and the four-plex reaction: AHTS, ASB2, HMS2, HTG10.

Amplifications were carried out in a GeneAmp PCR System 2400 (Perkin Elmer) by
performing 95°C, 10min at the begining and 30 cycles of 95°C, 30 sec; annealing temperature 60°C,
30 sec; 72°C, 60 sec, and a final extension cycle of 60 rmn

After PCR, aliquots of the multiplex products were combined to run in a single lane for

each animal tested. PCR products were detected by using the Applied Biosystems 310 DNA

Sequencer with GENESCAN Analysis software (ABI), using ROX internal size as a size standard
into another lane of the sequencer allowing reliable computer-aided analysis for initial fragments

sizing, as well as for genotyping.

Statistical analyses

Alleles frequencies and mean heterozygosity values per polymofphic locus were obtained
using the BIOSYS-1 computer programme (Swofford & Selander, 1989). Tests of genotype
frequencies for deviations from Hardy-Weinberg Equilibrium were carried out using the exacts
tests of the GENEPOP computer programme (Raymond & Rousset, 1995), using the Markov
chain method (Guo and Thompson, 1992)
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Using the methods of Weir & Cockerham (1984), as implemented in the FSTAT

computer programme (Goudet, 1995), the f-statistic value for each locus was calculated, the only
one of the F-statistics that can be estimated from frequency data for a single population, which
measures the correlation between pairs of genes within individuals, within populations, and is
analogous to Wright's (1965, 1978) Fys -statistic; that is to say, it measures the deficit or the excess
of heterozygotes which could exist in the Catalonian donkey breed, and their significance was
determined from permutation tests with the sequencial Bonferroni procedure (Hochberg, 1988)
applied over loci (alleles were permuted within the population) in deriving significance levels.

Polymorphic information content (PIC), for each microsatellite loci, was calculated
according to Botstein et al. (1980), and, for all systems, probability of exclusion (PE) was
determined according to Jamiesons's formula (1994).

RESULTS _

Table 1 shows the amplification characteristics, allele numbers detected, sizes (bp) in each
loci, as well as heterozygosity, PIC and PE values for the 11 loci analysed. The ASB2 locus did not
amplify for any individual. Figure 1 shows a typical pattern for GeneScan results from a Catalonian

donkey DNA sample, showing the eleven loci. Table 2 shows the allele frequencies obtained for

each loci. The average allele number detected par locus was 11.9 (+1.0), ranging between 6 for
HMS7 and 17 for AHTS.
All loci, except HMS2 and HMS7 (P<0.05), showed a highly significant disagreement

'(P<O.-001) with Hardy Weinberg (HW) proportions, showing a very significant deficit of

heterozygotes -exact HW test, using the Markov chain method- (Guo and Thompson, 1992).

The unbiased average heterozygosity expected (H.;, Nei, 1978) was 0.719 (10.028), being
the extreme values, 0.567 (HMS7) and 0.894 (AHTS). Microsatellite which PIC values were
higher than 0.5 were considered highly informatives (Botstein et al., 1980), so with the exception
of HMS7 (PIC=0.43), we can consider that the overall loci analysed in this population were very
informatives.

Moreover, the average exclusion probability (PE) of the 11 markers was 0.50, ranging from
0.30 to 0.78, being the cumulative exclusion probability of 0.999. -

Table 3 shows.the within-population inbreeding estimate (f = Fis). The whole loci showed
significantly different values from zero, as well as the estimated average (P<0.01). This Fis ()
average, obtained from a jackknifing over loci, was equal to 0.301 (10.064). When a bootstrap
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over loci analysis was done, the true Fjs -statistic value, with a 95% confidence interval, would be

included between 0.187 and 0.421.

DISCUSSION
' It does not exist any other work, until now, that have used microsatellite markers to
characterise asinine populations. Only Breen et al. (1994), and with a total of eight individuals,
vériﬁed that a set of thirteen microsatellites, isolated from the domestic horse, amplified
satisfactorily in the donkeys. |
" Ina previous work, Jordana and Folch (1998b), characterised genetically the Catalonian
Donkey Breed, analysing 7 biochemical polymorphisms and 12 microsatellite loci, even though
these loci amplyfied products were resolved through a PAGE by ethidium bromide staining.
Primers fluorescent dye-labeled and the resolution of the amplyfied products in an Applied
Biosystems 310 DNA Sequencer with GENESCAN Analysis software (ABI), were essencial to
detect this big genetic variability in the Catalonian donkey breed in comparison to the work done by
Jordana and Folch (1998b).
In the above-mentioned paper, only 4 out of 7 proteic markers, and 3 out of 12
microsatellite loci analised were polymorphic. Outlining the STR loci, (5 of them were in common

- in. both works: HMS3, HMS6, HMS7, HTG6, VHL20). Only say that the average number of

alleles detected par locus went from 2.7 (0.7) to 11.9 (#0.1), and polymorphism in all of them was
detected. The expected heterozygosity average (H.) increased from 0.546 (+0.049) to 0.719
(-.t0.028), having improved the PIC values as well as the cumulative exclusion probability (PE)
values spectacularly. Combining the 4 proteic markers and the 3 polymorphic microsatellites, the
global PE value was only 82.9%, having now increased until 99,97%. This loci set is then, an
effective tool in parentage verification.

| Likewise, to reduce the routinary analysis cost of the parentage verification, it would be
possible to ignore some markers and to analyse 'sistemaﬁcaly only eight of them, and achieve a PE
value of 99.8%. If there is a doubtful paternity case, the remainder markers would be analised. We
décided to exclude the HTG4 (FAM), HTG6 (JOE) and VHL20 (FAM) loci because of practical
reasons in the sample reading. The most frequent alleles of these loci ranged in a similar size
interval (bp) in this population and it was often possible, that the signal from these alleles appeared
overlapped. It was due to the fluorescent reflection of the dye-labeled amplified products, and did
more difficult the interpretation of the genotypes.
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With reference to the within-population inbreeding estimate (f = Fis), there also were

substantial changes. Jordana and Folch (1998b) obtained an average Fis value of -0.086 (+0.097) by
using microsatellites, and a of -0.079 (£0.050) value by using protein markers. For each locus, no
value was significantly different from zero. The mean f estimates were not significant either, and the
authors postulated the hypotesis that, inbreeding, in case it existed, would be negligible. Folch and
Jordana (1998), from the genealogical Catalonian donkey breed data (1979-1996 period), obtained
an inbreeding of 6 % for the actual breed population. Nevertheless, they affirmed that this value
would be overestimated, and it would be actually bigger due to the scarce pedigree knowledge. The

' pédigree thoroughness was found to be very incomplete up to the fifth generation of ancestors
- because the proportion of known ancestors was less than 20%.

A better inbreeding estimation was obtained in this paper. The mean estimate Fis was
0.30140.064 (P<0.01), showing, for all the loci, values significantly different from zero (Table 3).
However, the main factor of the lack of heterozygotes (30 %) can be attributed to the inbreeding, -
because it is well known that inbreeding affects all or a large majority of loci in a similar way, in the
sense of a deficit of heterozygotes, and in the present work, deficit for all markers analysed has
been detected. We believe that such inbreeding value would be overestimated.

We can not forget that there are other factors that can involve a lack of heterozygotes in a
population (Nei, 1987). First, the locus can be under selection, "genetic hitchhiking" effect, with
some morphological of productive traits of selective interest. Second, a "null alleles" (non-
amplifying allelels) may be present which are leading to a false observation of excess homozygotes.

- Third, the presence of population substructure may lead to Wahlund' s effect.

The selection influence could not be proved because production data were not available.
Déspite the fact that pedigreés were available for analysis, it was not possible to demonstrate the
presence of null alleles, usually caused by a mutation in the primer binding site leading to an allele
that will not amplify, due to the scarce pedigrée knowledge which could have allowed us to
examine the heredity of such alleles. Nevertheless, we presuppose a certain effect of these alleles in
the observed deficit of heterozygotes, because some individuals that did not amplify for some loci
were obtained. The extreme case was for the HTG4 locus, were a total of 30 samples did not
amplify, while for the remaining 10 loci, an average of 3-4 samples failed to amplify. However, it
was not feasible to specify any sample as homozygote for a non-amplifying allele. Provided that this
possibility of null alleles was not measurable, the significant mean Fis average estimated for this
breed is likely to be overestimated.
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The aﬁalysis of a large number of loci increase the power of detecting populatiori7
substructure, because each locus will contain an independent history of the population depending
on the amount of random drift, mutation, and migration that have ocurred.

Because of that, the population was divided into three subpopulations (SP1=48, SP2=47,
and SP3=12 individuals) according to geographic distribution criteria, breeding policy and scarce
genetic flow. F-statistics were computed by using the methods of Weir and Cockerham (1984), as
implemented in the computer programme FSTAT, and the signiﬁcénce of F-statistics estimates was
determined from permutations tests. For each locus Fis (f), Fr (F) and Fsr (0) values were
calculated from jackknife over populations (data not shown), being the mean estimates, from
Jackknife over loci, f = 0.280+0.066; P<0.01 (within population inbreeding estimate), F =
0.314140.063; P<0.01 (total inbreeding estimate), and 0 = 0.04710.014; P<0.01 (measure of
population differentiation). A very high significative 0 value shows us that there is a certain
population differentitation in this breed (4.7 %). In such statistic, only 4 loci (HMS2, HMS?7,
HTG4 and VHL20) were not statistically different from zero. This result corroborate the different
bréeding structure that exists in this population. This population substructure has provoqued fairly
large differences in allelic frequencies among these subpopulations for some loci (data not shown),
and has caused that in the entire population a net deficiency of heterozygotes and an excess of
homozygotes even if HWE exist within each subpopulation (Nei, 1987). This effect, known as
Wahlund's principle or the Wahlund effect, shows clearly that the HTG4 locus, which showed close
agreement with HWE for the three subpopulations, had lack of heterozygotes of 13.4 % (P < 0.01)
in the global population. Other loci can also be affected, but in a lower proportion, by this effect. In
Table 3 can be observed that all the loci showed very significant disagreement with HWE, in the
sense of a deficit of heterozygétes, for the entire population, while in SP1, AHT4, HMS3 and
HTGI0; in SP2, AHT4 and HMS7; and in SP3, AHT4, HMS2, HMS3, HMS6, HTG10 and
VHL20, showed agreement with HWE.

To conclude, we can dare to say that the mean average inbreeding in the Catalonian donkey
breed, is fairly higher than the values obtained by Jordana and Folch (1998b) and by Folch and
Jordana (1998) in previous studies, although such a 30.1 % value of deficit of heterozygotes can
not be atributed exclusively to the breeding between relatives, because of the above mentioned

reasons.
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Legends to Tables and Figures.

Table 1. Amplification characteristics, allele number detected, statistics of genetic variation and
exclusion probabilities for the 11 analised loci.

Table 2. Alele sizes (in bp) and allele frequencies (freq) for 11 microsatellite loci in Catalonian
Donkey Breed.

Table 3. Within-population inbreeding estimate (f = Fis) in the Catalonian donkey breed.

Figure 1. Plot of GeneScan results from a donkey DNA.



Locus  Dyelabe Product Alleles Ho He* PIC PE
length (pb)
AHT4 FAM 68-156 10 0.667 0.770 0.74 0.57
AHTS JOE 92-150 17 0.381 0.894 0388 0.78
HMS2 TAMRA 230-248 9 0.571 0.708 0.66 047
HMS3 TAMRA 146-170 12 0.676 0.745 0.71 0.53
HMS6 JOE 132-166 11 0.523 0.672 0.61 0.41
HMS7 FAM 156-176 6 0.481 0.567 043 0.30
HTG10 TAMRA 84-106 12 0.736 0.793 0.77 0.62
HTG4 FAM 76-106 11 0.325 0.658 0.53 0.41
HTG6 JOE 55-127 15 0.286 0.749 0.71 0.53
HTG7 TAMRA 118-158 16 0.547 0.764 0.74 0.53
VHL20 FAM 68-90 12 0.346 0.587 0.56 0.40
Mean heterozygosity 0.504 0.719
(0.046) - (0.028)
Cumulative exclusion probability 0.9997

*Unbiased estimate (Nei, 1978)
Standard errors in parentheses



" Lecus Size Freq Locus Size Freq Locus Size Freq
. AHT4 68  0.005 HMS3 164  0.020 HTG6 55  0.009
(N=105) 78 0005 (N=105) 166  0.395 (N=105) 59  0.009
128 0019 168 0309 67  0.009
133 0.062 170 0.067 71 0.005
146 0038 HMS6 132 0.005 75 0109
148 0391 (N=107) 142 0.005 77 0382
150  0.043 146  0.009 79 0028
152 0.128 148  0.023 81 0.071
154 0224 150  0.136 83 0.301
156  0.085 152 0.005 8 0019
AHTS 92 0010 154 0398 87  0.005
(N=97) 116 - 0051 156 0.392 89 0.005
118 0005 158  0.009 91 0.033
: 120 0.051 164  0.009 93 0.005
' 124 0010 166  0.009 127 0010
126  0.093 HMS7 156  0.005 HTG7 118 . 0.005
128 0.082 N=104) 166 0.067 (N=106) 120 0.052
130 0.057 : 168 0312 124 0012
132 0217 170 0577 134 0449
134 0.149 172 0.029 136 0.042
136 0.005 176 0.010 138 0.014
138 0.031 HTG10 84 0009 140  0.005
140 0.005 (N=106) 86 0.047 142 0.033
144  0.046 8 0019 4 0075
146 0098 90  0.005 M6 0023
148 0.062 2 0.165 148 0.159
150  0.026 94 0052 150  0.023
HMS2 230 0.033° 96 0.038 152 0.038
(N=91) 232 0011 98 0052 154 0023
234 0176 100 0392 156 0028
236 0.435 102 0.118 158 0.019
238 0.269 104  0.028 VHL20 68  0.051
240 0011 106  0.075 N=107) 70 0047
242 0011 HTG4 76  0.013 72 0014
244 0.049 N=TD 86 0.013 74 0.112
248 0.005 88 0.013 76 0.627
HMS3 144 0009 9% 0331 78  0.061
(N=105) 148 0.028 92 0.481 80 0.042
150 0011 94  0.006 82 0009
152 0.028 106 0.026 84 0018
154 0.009 108 0.013 8  0.005
156 0.024 110 0.039 88 0.005
158 0.024 114 0.052 9% 0.009
162 0.076 116 0.013

N is the total number of samples that have amplified successfully for each locus.



AHT4 0.134**
AHTS 0.575%*
HMS2 0.194**
HMS3 0.093*
HMS6 0.222%*
HMS7 0.152%*
HTGI10 0.073*+
HTG4 0.508**
HTG6 0.619**
HTG7 0.285**
VHL20 0.412%*
Mean estimate + 0.301 (0.064)**

+ Mean estimate from jackknife over loci. Standard deviation in parentheses,
*P<0.05, ** P <0.01, *** P <0.001, from permmxtation tests in FSTAT programme.
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the endangered Catalonian donkey breed
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Abstract ~ This study characterises the demographic and genealogical structure of a
limited-size population in danger of extinction: the Catalonian donkey breed. The purpose
of this paper is to establish the most suitable breeding criteria and guidelines to achieve
the ‘Programme of Conservation and Maintenance of Animal Genetic Resources’ in
this population. The two main objectives proposed are: 1) to maintain the maximum
genetic diversity, with the 2) minimum possible consanguinity increase per generation.
A population size of 109 animals of both sexes, 44 males and 65 females, was analysed.
The pedigree information was used to calculate the following items: generation length (L),
variances of family size (a,f), effective population size (Ve), inbreeding coefficient (£') and
probability of gene origin. The results obtained and breeding criteria to be followed are
discussed. The correct mating policy betweeen a stallion and a jenny would be that which
would maximize the so-called genetic conservation index and minimize the inbreeding
-coefficient of the hypothetical offspring of the couple. © Inra/Elsevier, Paris

donkey / endangered breed / pedigree analysis / demographlc structure / genetic
diversity maintenance .

Résumé -~ Caractérisation démographique, consanguinité et entretien de la varia-
bilité génétique de la race asine Catalane. Le présent travail caractérise la structure
démographique et généalogique d’une population en voie d’extinction : la race asine
Catalane. La finalité de ce travail a été d’établir les critéres et normes de reproduction les
plus appropriés pour développer le « programme de conservation et entretien des ressources
génétiques animales» pour cette population. Les deux principaux objectifs proposés
sont : 1) I'entretien d’une quantité maximale de diversité génétique, avec 2) le minimum
d’augmentation possible de consanguinité par génération. La taille de la population
analysée a été de 109 animaux des deux sexes, 44 males et 65 femelles. L’information qui

* Correspondence and reprints
E-mail: jordana@guara.uab.es
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provient des généalogies a été utilisée pour calculer les parameétres suivants : intervalles
entres générations (L), variance pour la taille de la famille (02), taille effective de la
population (Ne), coefficient de consanguinité (F') et probabilité de l'origine des génes. Les
résultats obtenus, ainsi que les normes reproductives seront analysés, considérant qu’un
accouplement optimal entre un étalon et une anesse sera celui qui maximise le dénommé
Indice de Conservation Génétique et celui qui minimise la consanguinité d’un descendant
hypothétique du couple en question. © Inra/Elsevier, Paris

- ane / race en voie d’extinction / analyse de généalogies / structure démograp}uque / -
entretien de la variabilité génétique

1. INTRODUCTION

The Catalonian donkey is a local tame donkey breed located in several Pyrenean
and pre-Pyrenean regions of the Catalonian area of northeast Spain. This popula-
tion is in danger of extinction. The last census carried out only slightly surpassed
100 animals, a third of which were males [10]. '

Following the guidelines proposed by the FAQ, investigations were first carried
out on morphological traits [4], on haematological and clinical biochemical parame-
ters (Folch et al, 1997; Jordana et al, 1998) and on genetic loci [5, 6], to characterize
this breed.

A small and homogeneous population, has important problems derived from
inbreeding. Therefore, the two priorities accounted for the Catalonian donkey
breed Conservation Programme are: 1) keeping the maximum genetic diversity,

2) obtaining the lowest possible inbreeding rate per generation. The purpose of this
paper is to characterise demography and to analyse the pedigree structure of this
population in danger of extinction, to set up the breeding criteria to fit to these
objectives.

2. MATERIALS AND METHODS

- The data file information corresponds to the period 1979-1996. The breed
population analysed consisted of 109 individuals, distributed between 39 foals
of both sexes (< 3 years old; 18 males and 21 females) and 70 adults: 26 males
(aged 3-14) and 44 females (aged 3-18). The pedigree information was used to
compute: generation length (L), variances of family size (02), effective population
size (N, ), inbreeding coefficient and probability of gene origin.
The N.computation was obtained from the formula proposed by {9]
1 1 N Na\?
N, = 16NaL [2 + o +2 ( Ni ) €OV tmm ) + ( N ) U?"fJ

1 N Nt
+1—67—V;—L-'.,:2+<Nm> fm+2(Nm>COV(fmff)+aﬁ'] (1)

where N, and N; are, respectively, adults males and females with offspring and
L as the average of the generation intervals calculated for the four pathways. Let
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COV(mm,mf) be the covariance of the number of male and female progeny from each
male parent and cov gy ) from each female parent. The variances in family size are
expressed as: 02,,; 02; 02,; 0.

The inbreeding coefficient (F') was calculated for every animal in the file,
.using a computer programme based on Quaas-Henderson's algorithm {8, 16]. The
evolution of the average coefficient of inbreeding was observed over year of birth
and summarized by the linear regression over years.

The probability of gene origin was calculated from the genetic contributions of
the founders of the current population (2, 3, 13, 15]. A founder is defined as an
ancestor with unknown parents in the file.

This effective number of founders (f.) is equivalent to the so-called Genetic
Conservation Index (GCI) proposed by Alderson [1], which shows the relative
capacity of an individual to retain the ancestral genetic variability

! p
fe=1/Y ot 2)
k=1

where each founder k can be characterized by the expected contribution gx to the
gene pool considered; f. can be calculated for an individual or a group of individuals
(by definition, the sum of gis is equal to one). If the founder contributions are balan-
ced, the effective number of founders is equal to f. Otherwise, f is lower [2, 3].

3. RESULTS AND DISCUSSION
3.1. Demographic parameters

When using the formula proposed by [9], an N, value of 59.97 was obtained. If
our objective is to try to maximize this N, i.e. to minimize the inbreeding increase
per generation (AF), then we can see according to equation (1), that a series of
factors exists that would allow us to increase this Ne.

3.1. Generation interval

The average generation interval between parents and offspring was 6.74 £+ 1.66
years, the maternal interval (7.32 +2.95) being larger than the paternal one
(6.16 £ 1.55), even though the differences between both were not statistically
significant. The maternal interval was more variable than the paternal one because
their variation coefficients (CV) were, respectively, 40.3 and 25.1 %. The generation
interval according to the four gene transmission pathways were the following:
Ly =6.15+1.90; Ly =6.17+2.45; Ldd = 7.42 £4.75; L4s = 7.21 £ 3.51, w1th
s = sires and d = dams.

The average age of the parents at birth of their first offspring was 4.23 + 1.57
years among stallions and 5.37 + 3.89 years among jennies. The average reproduc-
tive life was 2.85 & 3.42 and 2.77 + 3.37 years, respectively. Despite this, there was
no significant differences between sex, which would indicate that the annual re-
placement rates are similar among the male and female subpopulations.
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The generation lengths are determined by age at first mating and by reproductive
life. These parameters and the total offspring that parents leave to the next
generation are directly affected by the breeding policy. On the other hand, the
effective population size would increase if these generation intervals would rise [9)].

Generation intervals which have been described in horse breeds by other authors,
since there are not any references in the donkey species, show a L value much
greater than ours. For example, both Moureaux et al. (1996), analysing French race
and riding horses and Klemetsdal [12], analysing Norwegian trotters, obtained an
average L of 10-12 years. According to Moureaux et al. in their study, the reason for
their intervals being higher than ours, is due to the fact that the animals analysed
were to be exploited for sport. This means that the sporting career preceded the
breeding life, whereas the donkeys analysed here are only used for breeding. It could
possibly be the reason why no significant differences have been found between the
generation lengths of males and females in our breed.

3.1.2. Family size variances

Progeny size was 4.0 £+ 4.82 per stallion and 2.28 4+ 1.34 per jenny. The family
size distribution for males is more unbalanced than in females because there are a
few stallions with more than ten offspring, approximately three times as many as
the average number of offspring per male. In contrast, few jennies had more than
four foals, and then, females show a greater breeding homogeneity than males. The
family size variances calculated along the four pathways for gametes confirm the
previous remarks: o2, = 7.66; 0% = 5.83; 02, = 0.90; g% = 0.90 offspring.

3.1.3. Male/female proportion (sex ratio)

‘When analysing this population census and its breeding structure, two types of
problems can be observed. The adult female percentage (62.85 %) nearly doubles
the male proportion (37.14 %), 44 females versus 26 males. On the other hand, the
number of adult males and females which are breeding is less than half the number
of adult individuals which could potentially be used as reproducers (N; = 21 and
Np =12). _

In short, we would recommend increasing the N, population, to try to equalize
the sex ratio (ngm = N;) and to use the maximum number of adult animals which
are now present in our population.

To conclude, and directing these results to the Conservation Programme, the
main objective would be to maximize the effective population size (N, ) to guarantee
that increments of consanguinity per generation would be minimal: 1) equalise the
sex ratio (N, = Nt) avoiding the family size fluctuations and that ideally, each male
would contribute with a male offspring and each female with a female offspring to
the next generation, 2) standardise the family size minimizing the variance (0?),
and 3) increase the generation intervals, that is, lengthen the reproductive life of
the animals. '
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3.2. Inbreeding and pedigree completeness

The annual average inbreeding (A F'), calculated by linear regression over years,
was 0.38 % (figure 1). The accumulated consanguinity average (F') was 5.9 %. The
expected theoretical inbreeding increase was calculated from AF = 1/2N, which
gave a result of 0.83 % in the studied population.

The pedigree completeness degree {14] was measured for each animal in the
study by calculating the proportion of ancestors known in each preceding generation
(figure 2). The pedigree thoroughness was found to be very incomplete up to the
fifth generation of ancestors because the proportion of known ancestors was less
than 20 %. That is why this situation should be taken into account when analysing
the inbreeding coefficients.

3.3. Probability of gene origin

The effective number of founders (f.), according to the formula (2), was 51.31
ancestors, the total number of founders (f;) was 85. However, we considered that
the total number of founders was very high basically due to the poor quality of
pedigree information. According to Boichard et al. {3], these individuals do not
represent the genetic variability which exists in the current population. In the first
place, because these animals have possibly been considered as founders and, as a
result, genetically independent, their relationship is virtually zero, but perhaps this
is not true. In the second place, because the contributions of the present population
are very unbalanced owing to the fact that some founders have contributed very
little or even not at all. .

Analysing thé relationship f./f: a result of 60.36 % was obtained, that is, for

" every ancestor contributing effectively to the genetic pool in the population under
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Figure 1. Average biannual coefficient of inbreeding in offspring born between 1979 and
1996.
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I"‘igm'e 2. Average proportion of ancestors known by generation for the Catalonian
donkey (1979-1996).

study there is another for whom information has been lost. This relationship has
been described in French horse populations (Moureaux et al., 1996). It was noticed
that they have ranged from 2.78 % to 14.03 %, where some populations, such as
the Trotteur Frangais, were particularly very unbalanced (only 1 % of founders
accounted for half the current gene pool). Probably these imbalances are due to the
fact that the selection intensity in these populations is very high and that they use
only the best stallions for matings.

To maintain and to conserve a small population, a correct mating system is
very important. On thie whole, an ideal breeding policy would be that which would
calculate the effective number of founders and the inbreeding coefficient of the
hypothetical offspring of each possible populating couple. In this way, those couples
which would maximize this effective founder number and minimise the offspring
inbreeding coefficient would be chosen.

4. CON CLUSION

We must ensure the equal contribution of the maximum number of animals
possible (from both sexes), with as much time as possible, leaving offspring for the
next generation. A minimum number of inbreeding matings should be allowed.
A maximum number of founder animals (ideally all of them) would then be
represented in the next generation.
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ABSTRACT
VORTEX, a computer programme for Population Viability Analysis (PVA), was used in

this study to simulate the impacts of different changes in Catalonian donkey management and to

~ have a means of estimating extinction probabilities for this population as a management tool to

éarry out the “Programme of Conservation and Maintenance of Animal Genetic Resources” in this
population. The main objective pfoposed in this work is to simulate the events which would occur
over time in this population, by assuming the same reproductive and breeding policy which has
been practised lately by the breeders is used. Finally, taking the results obtained in these simulations
into account, another aim is to advise the b(eeders giving a series of reproductive and management
guidelines which would delay this extinction time—frame..

A ;;opulation size of 109 animal§ of both sexes; 44 males and 65 females, was analysed.
Twenty-one' scenarios were simulated where three types of factors were analysed, first éeparately
and finally mixed. These th.reelfactors were: to increase barrying capacity, to.imlprove reproductive
management, to raise migration rates. |

| The results; of the analysis' showed that the Catalonian donkey’s survival possibilities
became better when the carrying capacity increaséd to K=4N and when the percehtag;a of adult
females and males in the breeding pool raised to 80%.

Keywords: Donkey / Endangered breed / Population Viability Analysis/ VORTEX / Conservation

INTRODUCTION

" The Catalonian donkey breed is a Ipopulation in danger of extinction. The last census carried
ouf only slightly surpassed one hundred animals (109 individuals), a third of which were males
(Jordana and Folch, 1996). This census fit the population into the category of the Critical Breed (<
100 females) propésed by the FAO Expert Consultation (Anonymous, 1992), which implies that -

without any kind of action the most probable breed destiny will be its extinction in the near future
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because this effective population is not very suitable for-preventing continuous genetic losses in
future generations (Bédé, 1992).

" In 1978, due to the severe situation which this breed experienced, the lbreeders asséciation,
called AFRAC (Association of Fomentation of the Catalonian donkey breed, in English), was
created to protect, foment and improve this population. In 1995, it became necessary to cény out a
;flsrogramme of Conservation and Maintenance of Animal' Genetic Resources” in the Catalonian
donkey breed, which was promoted and financed by the DARP (Department of Agriculture,
Livestock and Fishing, in English) of the Autonomous Government of Catalonia (Generalitat de
Catalunya), in collaboration with AFRAC and the Animal Genetics Unit of the Veterinary School
of The Autonomous University of Barcelona. | T | |

The Catalonian donkey bregd is'a tame local donkey breed located in several Pyreénean and
pre-Pyrenean regions of the Catalonian area of Nonheasf Spain, c‘ﬁaracterised by a hypermetrical
forfnat, longilinear appearance and concaviline cranial profile. They are animals of a large size, 140
cm at the Qithers, on average, wi‘th a weight ranging from between 350 Kg to 450 Kg. The coat is a
black colour w1th characteristic fadings in the muzzle, orbital ione of the .eyes, belly and intémal
face of extremities (Jordana and Folch, 1996).

Following the rules of action as laid out by thé FAOQ for the coﬁservation of populations in
danger of extinction, this breed was characterised, in the first place, biometrically (Fblch and
Jordana, 1997a5 as well as haematologically (Folch ef al., 1997) by clinical biochemical pararﬁeters
(fdrdana et al, 1998), genetically (Folch er al, 1996, Folch and Jordana, 1997b) and
demographically (Folch and Jordana, 1998). In this last paper, Folch and Jordana (1998) analysed |
the demographic and genealogical structures of this population, whose results have been used as the
basis to realise the simulation study which is shown here. |

The main objective proposed in this work is to simulate the events which would occur over
time in this population, assuming the same feproductive and breedipg policy which has be_en

practised lately by AFRAC. LikeWise, another aim is to test whether this endangered population’s
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destination would be extinction, also giving approximate extinction times. Finally, taking the results -
obtained in these simulations into account, to advise the breeders, giving a series of reproductive

and management guidelines which would delay this extinction time, is another goal.

MATERIAL AND METHODS
l.Seiec’tion of Computer Simulation Package for Analysis

"Of the computer programmes available for metapopulation viability analysis, VORTEX
(Version 8). was selected for this study because it was the latest version of a programme which
simulates the loss of genetic variability in small bopulat‘ions (Lacy, 1993). According to den Boer
(1990), a metapopulation can be defined as a group of local populations interconnected by
individuals. VORTEX has been applied to studies of population viability analysis (PVA) iﬂ
endangered species worldWide (Lacy and Clark, 1993; Lacy and Lindenmayer, 1995; Lindenmayer
and Lacy, 1995; Lindenmayer et al., 1995; Mills et al., 1996). This programme considered the most
important factors to be takgn into account in a PVA, such as demographic forces, environm‘ental-
variation and genetic drift. This programme is very useful for the study of small populations with a
lohg reproductive life, low prolificacy and whose dynamics only depends upon themselves, that is,
K-Strategy species. | |

Population viability aﬁalysis programmes contribute most by their ability to make intuition
explicit, that is, to incorporate a number of the factors which influence population growth, thereby
suggesting potential consequences of a range of xﬁanagement options. Mills et al., (1996) alert us
that care should be taken so that any one programme as a mirror of reality is not too strict.
Nevertheless, PVA can help identify population processes which are likely to endanger a population

in the future if corrective management practices are not taken.
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2. Time-Frame for Simulation Analysis

The genetic metrics tracked by VORTEX were simulated for 1000 years 100 simulations
were completed for each scenario, and each simulation was reported every 25 yea;s. This time-
frame was chosen based upon the minimal viable population concept (Lacy, 1993), which holds that
a ;}opulation with an extinction probability (PE) < 1% in the next 1000 years can be considered

steady and not in danger of extinction,

3. Types of Inputs for VORTEX

- The inputs to VORTEX are shown in Table 1. The demographic parameters were obtained
from Folch and Jordana (1998). . |
The population was subdivided into two subpopulations (SP1 and SP2), taking the different
breeding policy and the scarcAe.gen'etic flow which existed within them as a criteria. VORTEX
analyses the viability of each suﬁpopulation as well as metépopulation viability.v
qupopulation SP1 included 54 an»imals which were located in the same farm and where in
each reproductivé season it is easy to plan the crosses because all the individualsAof the reproductive
pool were in the éame place. Subpopulation SP2 contéined 55 animals which were dispersed among
a large number of owners. In this situation the exchange of breeding animals was difficult, and the
breeders did not detect when the females entered into heat. In the end this turned out to be an
inadequate breeding management. Nevertheléss, the concentration of all the SP1’s apimals in just

one farm may have very grave consequences in the event of health problems (for ex. epidemic) or

an environmental disaster (for ex. a forest fire), because this subpopulation has more probabilities of

being affected on the whole by these events. SP2 had its individuals dispersed in small groups‘in

remote farms, so similar events would only affect a few animals and not the whole population.
Accorditig to our field study, tﬁe breeding efficiency (percehtage of adult males in breeding

pool and percentage of adult females producing litters) was greater iﬁ SP1 than in SP2. VORTEX

assumed that matings occur at random among those animals in the breeding pool each year and that
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a male can mate with various females. In this species most of the females had single births, and it
was considered that only 1% of the cases would haVe a successful double birth.

The genétic drift effect is the randpm factor which affect small populations the most, after

the demographic shifts. VORTEX had three alternatives to consider such effects: absence of

- inbreeding depression, appearance of deleten'ous- alleles or appearance of detrimental alleles. When

the appedrance of inbreeding depression was considered, the lethal equivalent percentage had to be

taken into account. Because we do not have information on the genetics of E.Asinus, particularly

“the frequency of deleterious alleles, the recessive lethals model of inbreeding depression in

VORTEX was used (Lacy, 1993). The inbreeding depre'ssion was simulated with a median of 3.14

lethal equivalents per individual, the median value for juvenile survival in 40 mammal species

(Ralls et al., 1988).
The migration variable was due to the interchange of animals carried out by the breeders.
The percentage of animals migrating from SP1 to SP2 was 1% while the inverse flow was 1 per

1000 . It was considered that the minimum age at migration was 1 year because it was the age at

which the foals could look after themselves and they were sold. Survival during migration was 50%

because this was the mortality percentage according to this age interval. A mortality percentage of
5‘%:1:3% in the 0-1 year-old interval (both sexes) was found with the rest of age intervals taking on a
0% mortality percentage which was considered to be insigniﬂ_cant. |

When the environmental stochasticity was considered by VORTEX for ex., climate or |
parasitic burden, it aﬁ’eéted the birth aﬁd death probabilities. VORTEX also considered fhe
catastrophé possibility or extreme environmental variation, for ex. epidemics and forest fires.

The forest fire probability (Catastrophe Type 1) for SP1 was 1 % while for SP2’s was 5 %.
These differences are explained because SP1 was more exposed to this kind of disaster than SP2
because the animéls are assembled in a single farm situated in an area with a high danger of forest
fire. It would be the same for the case of Catastrophe Type 2 (epidemic). The SP1 situation was

more unfavorable than SP2 due to the easier pathway for infections. That is why the SP1 survival
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possibilities were lower than the SP2’s in the case of catastrophes. On the other hand, neither the
possibility of harvest (h_unt or individual removal) nor the existence of individual reintroduction

from other populations was considered. The extinction event was defined as the survival of just one
sex. ,

4. Types of Outputs
The follbwing output data generated by VORTEX were used to describe the population -
behaviour of the Catalonian donkey breed: | | |
PE = probability of exiinction over 1000 years
.TE =mean time to first éxtinction within 1000 years.
Growth = Mean population stochastic growth rate.
N = size of the extant population after 1000 years.
R = number of populations undergoing temporary extinction and recolo‘nisation among the
1000 year simulation. |
H = mean percent of initial heterozygosity remaining in extant populations at 1000
years. |
Nalleles =Numbér of total alleles. Originally this number is equal to 2N.

These parameters were derived for SP1, SP2 and metapopulation, and are shown in Table 2.

5. Scenarios analysed

The scenarios analised in this paper were sustained by three primary factors which were
considered in population viability analyses (See Figure 1). These factors are analysed separately, on
the one hand, and on the other hand mixed tbgether despite their being inextricably intertwined.
First of all, the population size incregise was analysed, measured as a carrying capacity; secc;nd, the
reproductive structure improvement, and third, the migratory flow increment between both

subpopulations.
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RESULTS AND DlséUSSION
’1;- Basic Scehaﬁo (1)

Table 1 data were taken as a first input (basic scenario) for VORTEX, to know which would
be the Catalonian donkey breed’s fate in present conditions. The following scenarios studied wiil be
compared to and discussed from this scenario, and results obtained in each one are shown in Table
2.

SPl’s TE was 56 years, 23 years for SP2 and 60 years for the metapopulation. If the R
values obtained are analysed, it can be seen that SP2 suffered two recolonisations from SP1 which
happened each 11 years since SP2’s ﬁrst extinction. It looked as if in basal conditions, SP1 had not
only more surviv;l possibilities but it was capable a; well of supplying SP2 with individuals
because of this small migration rate.

As can 'be seen in Table 1, the SPI and SP2 censuses were very similar and, apart from the
ggographic distributAion, it is obvious that the greatest difference between both subpopulations was
their reproductive structure. The pre-reproductive proportion waé 10 % lower in SP2 than in SP1.
The percentage of females in reproductive age withéut any deséendent was significantly greater in
SP2 (74%) than in SP1 (35%) as well. On the other hand, the proportion of males in the
reproductive pool was greater in SP1 (43.75%) than in SP2 (35.71%). This low reproductive
efficiency of SP2 was basically due to management problems such as the lack of in-heat detection, |
animals’ difficult accessibility, breeders disagreement for making the breeding animals excﬁange
easier, non-existence of effective techniques in artificial reproduction which would settle the
previous problems. A population census decrease and a loss in the metapopulation genetic
variability would result, logically. VORTEX predictions would allow researchers to identify the
most critical factors in population survival and to guarantee that if correct management measures

are not taken, this population would become extinct in the short term (60 years).



2.- Increment of the Carrying Capacity (K). . - |

From the Conservation Plen viewpoinf, K i‘s an important factor because the most imborfant
objective is to increase the population size as soon as possible in order to preserve the maximun
quantity of population genetic variability. The effects of a small-sized population has an impact
upon an inbreeding rate increase with the resulting heterozygosity and genetic diversity loss. As a
result, the accumulation of detrimental genes would increase which would also increase the
population's vulnerability.

Despite the Catalonian donkey breed being an important population to preserve because it
makes up a cultural heritage we all share, it is clear that if there is not a market demand nor an
economical reason to breed these animals, the population would only be able to keep itself up with
the present reduced numbers or with a slight increase. Nevertheless, there would be _econorﬁical
altematiQes (for ex. agrotourism, forest control, etc.), which wquld make a significant increase of
the present population possiBle.

Basing o{urselves upon this supposition, two scenarios were proposed with a carrying

capacity of 2N and 4N. The rest of the parameters have been maintained as in the basic scenario.

2.1.- Scenario 8: K=2N. |

.When K=2N, VORTEX predicted a population growth duﬁng the first 25 years although the
population never achieved such carrying capacity because it became extinct very soon (TE = 548
years and PE = 100%); however, this TE Was greater than in the basic scenario due to the bigger
SPl"s persistence, because SP2 became extinct in 43 years. That would make SP1 able to transfer

individuals to SP2 up to 327 times, and SP2 would become extinct every 6.3 years.

2.2.- Scenario 15: K=4N,
When K=4N, SP1’s and metapopulation’s PE significantly disminished (44%), but only

elightly in SP2 (98%). SP1’s final alleles only were 2.27 (from SP1’s 110 initial alleles and the
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218 of fhe metapopuiation) after 1000 years. In this hypothetical scenario, the popﬁlation would be
made up of 79 males and 38 females. It was obvious that the SP1 contribution to the SP2
maintenance was significant (R = 1543).

.Despite the positive effect of increasing the census in population’s behaviour, it was
boSsible to observe aAsigniﬁcant alleles loss and a high PE which would put the population survival
expectations atA risk. That means that only the carrying-capacity increase wouid not t;e eﬁough to
protect this breed from extinction.

~ Just as was expected, the genetic drift was harmful in a small popqlation. That way,
Scenarios 8 and 15 proposed a population growth by increasing thé carrying capacity. It could be
checked that SP1, SP2 and metapopulation persistence. and genetic diversity (Nalleles) increased
When the census was higher. Although by only the increase of the carrying capacity it would not be‘
enough to preserve this breed from extinction (Figure 2). The minimal population viability cohcept
(Lacy, 1993) was never reached. A clear prospect of popplation inérease would not exist és well,
nor would the number of breeders be willing to invest resources in animals which at that moment,
do not yield large proﬁis. However, the population increase simulation was very educational even

though there would be difficulties in puting it into practice in the short term.

3.- Improvement of Repfoductive Management.

Unlike what haépenéd in other studies which Qsed VORTEX in which the individuals under
study were wild populations and where their reproductive structure was difficult to manipulate, that
did not occur in the population studied.

The following scenarios analysed population behaviour when reproductive management was
irﬁproved, first of all in the female subpopulation, followed by the males’ management

improVement and, at the end, both effects combined
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3.1.- Scenario 3: Adult females producing litters =65%.

In this scenario population behaviour was studied when the female percentage prodﬁcing

litters in SP1 and SP2 was 65% (which means that the SP2 reproductive pool was increased to the

SP’s levels). In this new supposition, SP2’s TE was 344.58 years, being recolonised (R) by SP1
only twice. Despite any change being made in the SP1 structure, a clear improvement in this

subpopulation was noticed because SP1’s TE was cuadrupled (249.82 years). This result

' demonstrated the erosive effect of a population managed so badly as was the case of SP2.

Metapopulation’s TE rose six times over the basic scenario results (378 years). The effect of this

factor was remarkable and if put into practice, there would be many management and technological

alternatives which would be possible to control it. However, this increase of the female reproductive

pool would not aveid the possibility of extinction.

Both the basic scenario and Sc'enari.o 3, had two recolonisations, butv while in the Basic
scenario they occured every 11 years, in the present scenario the average recolonization time rose to
58 years. The reason for this effect was that SP2 took more time to become extinct, and its growth

rate increased from -6 % to 2 %.

3.2.- Scenario 4: Adult Males in Breeding Pool=43.75%.

When a scenario where the proportion of reproducing males in SP2 increased was simulated,
that is, the percentage of reproducing males in both subpopulations was 43.75%, it could be seen
that the metabopulation’si TE improved (261 years). Just like that, a growth rate increase in tlﬁs
scenario (1.25%) ceuld Ibe seen, when compared with the basic scenario (0.59%). This low growth
rate (1.25%) could be explained as the polygamous nature of this species. That means that one male
(or a few) could mate with as many females as ‘wouldvbe available. In this scenario .it would be
expected that if the proportion of reproductive females did not increase, the effective population

size would always be small and the vegetative population growth would be very slow.
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3.3.- Scenario S: Adult Males‘ in Breeding Pool = 43.75% and Adult Females Producing

Litters = 65%.

The combination of improving the reprodudtive management of males and females had tﬁe
effect of a TE =370 years, which it was very similar to the TE obtained in Scenario 3 (378 years).
Likewise, the grov»)th rate was equal for both scenarios. This result confirmed that the limiting
factor would be the proportioh of females which make up the breeding animals pool. In Figure 3
(Scenarios 1_\3\4\5) the behaviour of population persistence in such supp_ositions can be seen. It can
be observed that the effect of improving only the breeding female pool, and the scenario where this
effect was combined with the improved males management, produced similar effects (bofh curves
have are oVerlappéd in their trajectory). -

These fesults would be very useful when decisions about the Conservation Plan of the

‘Catalonian donkey breed are taken. Then, if it were believed that the increase in the population size

was, at the moment, not too suitable, it would be suggested concentrating the efforts by optimising
the reproductive efficiency in both subpopulations. In this way, a scenario where the reproduction

of the female subpopulation would be optimum would be proposed.

34.- Scenafio 7: Adult Females ProducingbLitters and Adult Males in Breeding Pool = 80%.
An scenario was also suggested where the proportion of breeding animals (both sexes, both

subpopulations) were the .m'a;imum viable. In the Equus asinus, a fertility rate of 80% (England,‘.
1996, J. Mird: personal communication) would be assumed. On the one hand, it woﬁld also be
possible to get a level of 80% in male fecundity if techniques of in vitro fecundation were
available. On the other hand, if reproducfion efficiency imprqved until it reached.these percentagés,
the PE would become- lower (64%). It could be remembered that the PE was never less than 100%
when other reproductive management improvements were made. The metapopulation growth rate

went from 0.59% to 3.25. % in this scenario.
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Although the population behaviouf in this scenario was not as good as that obtained in
Scenario 15 (K=4N), we believe that it would be ecorioinically more realistic if a sfnall population
waé maintained, but with a careful reproduction management, instead of increasing the population
size with the present deficient reproduction structure. It would be necessary to have artificial
reproduction techniques at our disposal to achieve these objectives,. due to the difficult access of

some animals, especially in SP2 where it was often difficult to move the breeding animals.

4.- Increase of the migration rate to S% (Scenario 2)

An increase in the migration rate can be interpreted in a domestic species as a greater

‘interchange of breeding animals or as the use of artificial insemination and other in vitro

fertilisation techr{iques which wpuld allow a greater genetic 'ﬂow between subpopulations.
Migration is an important factor which would counteract the genetic loss effects produced by
subdivision and populations genetic drift (Lindenmayer and Lacy,. 1995). Nevertheless, it would
reduce the efficiency in which seiection rejecfs the lethal alleles of each generation’.}

If a migration rate of 5% between SP1 and SP2' was assumed, SP-l’s TE would be
cuadrupled (from 56.08 to 221.08) and doubled in SP2 (23.62 to 45.63). The metapopulation
slightly improved its average time at first extinction (TE = 221.7 years). |

Migration reduced thg effectiveness in which selection eliminate_d the lethal recessives
alleles in subd.ivided éopulations. Animals are less able to survive in the scenarios witﬁ high
migration rates. |

Despjte the fact that it would be believed that a greater migration rate would help to lower.
inbfeeding because it would be moreAgenetically diverse, what happened was that the selection
intensity of recessive alleles was reduced {because fewer animal were homozygous for lethal alleles
and pfesumably; mbre animals dying due to migration mortality).

Then, as a conclusion, the increase of rhigration rates between both subpopulations, despite

the population prospects improving was not enough by itself. In this case, the greater SP2 fragility
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was obvious, whose survival expectation was not enough, because the effect observed was an

increase in thé number or recolonizations from SP1 to SP2 (R=365).

S.- Séenarios with Effects Combined.

| The factors considered previously had a positive effect upon population squﬁ. The most
efficient factor was the increas‘e in the carrying capacity from K to 4K. The second most efficient
factor was the improvement in the ferﬁale pool rgprbductive management. And the least efficient
factor was the incréase in the migration rate befween "l‘)oth subpopulations.

These results would not pfotect the population from a possible and early extinction; and it
made us plan neW scenarios with the combination of thes.e three factors together to study population
behaviour. But only the scenarios whére the increase in the carrying capacity and the reproductive
management improvement were mixed made the population persistence probabilities significnatly

better. These scenarios are stated below.

5.1.- Combination of Iﬁcrement of K and Reproductive Improvement.

The results obtained in Scenarios 14 and 21 were compared here with the fesults previously
obtained in Scenarios 1 and 7. These scenarios analysed population behaviour when reproductive
structufe (80% of adult females and males in the breeding péol) was improved and the carrying
capacity was increased to K=2N (Scenario 4) and K=4N (Scenario 21).

In this last scenario, the population achieved a PE = 0% aﬁe_r 1000 years of simulation. That
means that a priori it seems that the Catalonian donkey breAe.d would have a minimum survival
guarantee in such conditions with a minimum genetic variability loss (He=71%). Often,
cénservation programs strive to keep He > 90% because many people would éonsider a loss of 29%
of heterozigosity to be greéter than an aéceptable amount. However, in very long-term projections
(such as the 1000 year simulation) VORTEX might underestimate He because the model does not

incorporate any new variation introduced by mutations (R. Lacy, personal communication).
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After all th_is time, th§ population which VORTEX has estimated would be composed of 329
individuals, that is, it did not reach the population size of 4N wﬁich would be of 436 individuals.

As Figure 4 shows (Scenarios 1\7\14\21), where the gene diversity of the extant population
of such scenarios is analysed, it provided clear evidence of the increase in population survival
posibilities as the population size grows. This growth was total when the population size was four
times the oﬁgiﬁal size. Despite Scenarios 7 and 14 seeming to have a similar genetic-diversity
behaviour, the PE in Scenario 7 was only 64%, while thev PE in Scenario 14 was only 7%

. The result obtained should not be taken as a mirror of what would .happen with the
Catalonian donkey breed, but what is obvious is that this population is in a great »statel of
vulnerability, and the factors which most affect it are small populat_ion size and poor reproductive
structure, espeéially the female fecundity rate. Both factors could bé controlled in the
short/medium-term in the Conservation Plan which'would include in vitro fenililsation techniques
development and a correct mating plan. As a conclusion, and with these results pointing towards the
Conservation Plan, the prime objective would be to maximize the effective population size (Ne) in
order to avoid an inbreeding growth rate per generation by increasing the population size (K=2N
minimum) as soon as' possible and by guaranteing the maxirﬁum number of animals (at reproduétive

age) which would contribute with descendents to the next generation.
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Legends to Tables and Figures
Table 1. Summary of demographic rates used in simulations of Catalonian donkey breed.

Table 2. Results of population viability analysis using the VORTEX simulation programme over 1000
years fér the Scenarios discussed in the Catalonian donkey bréed. PE = brobability of
e){tir}ction (%); TE = mean time to extinction; Gr = Mean population s_tochastic_: growth krate '
(%); N = mean number of Catalonian donkey in nonextinct populations after 1000 years; R =

- number of populations undergoing temporary extinction and recolonization, H = mean
percent of initial heterozygosity remaining in ex'tant populations at 1000 years, Na = =

number of total alleles.

Figu.re 1. Scenarios tested for Catalonian donkey breed vulnerability. Circles indicate the Scenario

number.

Figure 2. Population Persistence in the Catalonian donkey breed when Scenarios 1, 8 and 15 were

simulated (K= N, 2N and 4N respectively).

Figure 3. Population Persistence in the Catalonian donkey breed when Scenarios 1, 3, 4, 5 were
simulated (improvement in the reproductive management, females, males, both combined

together).

Figure 4. Gene Diversity of the Extant Population in the Catalonian donkey breed when Scenarios
1, 7, 14 and 21 were simulated (growth in the carrying capacity plus improvement in the

reproductive management in both sexes).



Catalonian Donkey Breed

Parameters used as input to VORTEX to modeling Subpopulation 1.(SP1) Subpopulmm 2(SP2)

Inbreeding depression modeled with 314 314
Lethal equivalents (%) 50 50
Minimum age st migration (yr) 1 1
Survival during migration (%) 50 50
Migrstion matrix (%)
Population | 0.990 0.010
‘ Population 2 0.001 0.999
Breeding system ’ polygamous polygamous
Adult males in breeding pool (%) 43.75 35N
Adult females producing litters (%) 65 26
EV in reproduction (%) adult females breeding 5 5
Females producing litters of size 1 (%) 99 . 9
Breeding age of males (yr) 4 4
Breeding age of females (yr) 5 ]
Age of senescence (death) 10 10
Sex ratio at birth (% of males) . 50 50 .
Age distribution males females males females
1 3 4 0 o
2 0 5 0 3
3 s 2 6 4
4 4 2 0 1
5 3 3 3 4
6 0 2 5 0
7 2 3 3 6
8 3 1 1 5
9 2 3 1 6
10 2 6 1 5
TOTAL 24 31 20 34
‘Ratio adult male vs adult female 1.221 1.145
Annuel mortality of males (%)
S 0-1 yr old 543 543
12y 0. 0
23yr 0 0
>3yr . 0 0
Annual mortality of females (%)
0-1 yr old 513 543
12yr ’ 0 0
23 yr 0 0
>3yr 0 0
Frequency of type 1 catastrophe (Forest Fire) 1% 5%
severity on reproduction ' 0.78 0.95
severity on survival '0.95 095
Ffequa:cy of type 2 catastrophe (Epidemy) 2% 2%
severity on reproduction 0.50 0.90
severity on survival - 0.50 _ 0.85
Carrying capacity . . 54122.0 554216
Deterministic population growth rate (r 0.073 -0.044
Generation Length for females 7.36 755

Generation Length for males 6.81 7.07
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‘Com ja s'ha anat descrivint al llarg de la introduccid, aquest treball pretén
ammbar a conéixer prou bé a la Raga asinina Catalana per a poder aconsellar als
criadors, de quines son les accions que han de prendre per establir un Pla de
Conservacio "in situ". En aquesta part de la discussi6 es fa un petit resum dels
aspectes estudiats seguint els objectius especifics enumerats a la introduccio.
'S.eguint aquests objectius, aquesta seccié es divideix en un primer bloc on es
detallen els aspectes de la descripcié general de la raca asinina Catalana. En el
segén bloc es tracta la caracteritzacié d'aquesta raga, i en el tercer, s'hi fa un

estudi de simulaci6 de la viabilitat d'aquesta poblacié.

De la descripcié general de la poblacié

Durant aquests anys i havent-hi comptabilitzat més del 95% dels animals, en el
darrer cens realitzat (gener 1998) hi havien 150 animals distribuits en 73 .femelles 1
34 mascles adults 1 43 pollins (< 3anys; 14 mascles i 29 femelles). La localitzaci6
geografica d'aquests animals se centra majoritiriament en dues zones productives i
diferenciades, les quals per diferents raons han mantingut un aillament reproductiu
durant els darrers anys. Una correspon a I'area de la comarca del Bergueda, amb el
43% del cens total, i I'altra, de dispersié molt més ampla i amb el 50% del cens,
comprén les comarques gironines del Pla de 1Estany, Garrotxa, Alt 1 Baix Emporda 1
Giron¢s, principalment, i també a la comarca del Solsonés. El 7% restant,
aproximadament, es troba dispers entre diferents provincies espanyoles (Sevilla i
Toledo) i a d'altres paisos de la Uni6 Europea (Alemanya i Franga).

D'aquests 150 animals censats, sha pogut microxipar al 76%. Aquest microxip

es va escollir dentre els que el mercat oferia, perqué té un sistema de lectura
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estandar, perque és el que l'exércit utilitza per a microxipar els seus animals, i també
per la seva reduida grandaria (interessant, sobretot tenint en compte que el lloc

d'injeccio és el teixit greixds del bescoll).

Tota la informaci6 dels individus es va emmagatzemar en una base de dades
rel.lacional (Microsoft Access 2.0). A partir d'aquesta base, és des d'on s’han portat a
terme entre d'altres calculs, els index morfométrics a partir de les mesures de cada
animal, els parametres poblacionals, aixi com el calcul del GCI de cada individu a
partir de la informacié genealogica enregistrada i que utilitzem per a la proposta

d'aparellaments de cada any.

També és a partir de la informacié enmagatzemada en aquesta base, que es
generen els models de fitxes individuals. Es tracta de quatre fitxes individualitzades
de l'animal que es detallen a continuaci6. La primera, és la fitxa genealogica, i
s'inclou la informacié identificativa de I'animal (nom, data i lloc de naixement,
microxip, color de la capa 1 sexe), del criador (nom del criador, adrega, telefon), dues
fotografies escanejades de I'animal (cap i cos sencer) i per ultim, la seva informacié
genealogica fins al nivell de besavis. La segona fitxa inclou la caracteritzaci6
morfologica (amb les 26 medicions). Només es realitza quan I'animal té 3 o més anys
d'edat. La tercera fitxa conté la caracteritzaci6 bioquimica i molecular (polimorfisme
proteic, enzimatic i dels microsatél.lits). La informacié d'aquesta fitxa sera utilitzada,
de forma rutinaria, per als controls de patemitat. La quarta i darrera conté¢ la
informaci6é de l'iltim analisi hematologic i bioquimic realitzat, amb la finalitat de
seguir l'historial clinic de I'animal i ser\}ir d'ajut als veterinaris en el diagnostic de
malalties.
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De la caracteritzaci6 de la poblacié

Caracteritzacié morfologica

Els individus d'aquesta raga son animals de gran talla, amb una mitjana de 140
cm d'algada a la creu als mascles i de 135 cm les femelles. Els pesos d'aquests
animals oscil.len entre els 350 i 450 Kg i tenen extremitats ben conformades i
robustes. Es considera com a caracteristica la capa color negra, encara que es pot
veure bastant influida per diferents factors ambientals. El pél en els pollins és fi,

arrisat i llarg, i d'un color rogenc clar, esdevenint més fosc, llis i curt en els adults.

El musell, la zona orbital dels ulls, el ventre i la cafa mterna de les extremitats
presenten decoloracions blémques caracteristiques. El cap és ample, pesat i de perfil
recte. Orelles llargues, rectes i estretes, mantenint-se sempre erectes i éssent molt
mobils i expressives. Coll llarg, ample i recte, flexible i molt musculds. La crinera en
ambdos sexes €s fosca, curta i no gaire espessa. Dors recte i llarg, amb una marcada
cintura en la seva unié amb la gropa. La cua és llarga, amb una abundant crinera i
d'inserci6 baixa. Els cascs son estrets en ambdos sexes pero ben proporcionats. Sén
animals de temperament sanguini encara que solen ser bastant pacifics. En general

son molt nobles i de reaccions rapides.

De la caracteritzacio biométrica s'extrau principalment que no hi han grans
diferéncies entre sexes per a les variables analitzades. Tan sols 8 de les 26 mesures
corporals i 1 (index 3) dels 12 index corporals estudiats van mostrar diferéncies
significatives per al factor sexe. Aixo indicaria que la poblacié mostra poc
dimorfisme sexual. Les majors diferéncies es troben sobretot a nivell de les mides

cranianes (amplades de crani i de cap), de les algades del ter¢ posterior (algades a la
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entrada de la gropa, a la pélvis i als corrons), 1 dels perimetres de les extremitats (al
genoll, canya i travador), éssent els mascles els qui presentaren majors valors que les
femelles tal i com confirmen altres autors en races de cavalls (Aparicio i col., 1986;
Fuentes 1 col., 1987; Oom i Costa Ferreira, 1993; Hevia i col., 1993). Aixi doncs, es
podria afirmar que les femelles tenen una aparenga molt més esbelta que els mascles.
Malgrat la petita grandaria mostral analitzada, només 44 femelles i 25 mascles adults
(>3 anys), cal dir que era tot I'efectiu disponible, ja que estem davant d'una poblacié
de grandaria reduida. Aquesta petita grandaria mostral pot ser que no sigui la més
adequada per a realitzar estudis com aquests, ja que pot sesgar els resultats obtinguts,
perd com és comprensible, no es pot fer res per millorar-la, només esperar que en un

futur sigui superior.

Per altra banda, les mesures cefaliques van mostrar un elevat coeficient de
variacié (CV). Aix0 podria indicar, en principi, que existeix un elevat grau de
van'abiliiat morfologica, perd donades les circumstancies de medici6 (dificultats en la
determinacié dels punts anatomics i el nerviosisme dels animals), aquests resultats
shan d'interpretar amb precaucio, ja que podrien estar indicant simplement un error

de medicio.

En canvi, I'analisi de les mesures del tronc mostra un coeficient de variacié
menor, principalment degut a la major facilitat de medicié. Aixo és important, ja que
aquestes mesures defineixen el perfil d'aquests animals. De l'analisi d'aquestes
mesures es pot veure que, evidentment, els mascles tenen una major estatura que les
‘femelles, encara que estadisticament no hi varen haver diferéncies significatives
(excepte per a les segiients variables: algada a la gropa (P<0,05); algada a la rabada
(P<0,01); longitud de la gropa (P<0,05).
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Altres variables toraciques com el diametre bicostal o el diametre entre
rabassa varen mostrar un elevat coeficient de variaci6, perd en aquest cas, pensem
que pot ser degut a que en diferents circumstancies fisiologiques (gestacio, estat de
carns) o temperamentals, és dificil esbrinar exactament el punt anatomic, podent
haver sobreestimat el seu valor. Aquests CV varen ser majors en la subpoblaci6 de
femelles que en la de mascles, i aixd podria ser reflexe del diferent siétema
d'estabulaci6 entre ambdos grups. Mentre que els mascles estan quasi sempre tancats
en boxes, les femelles gaudeixen d'un estat de semillibertat, que molt probablement
col.labora a la seva millor forma fisica. Elevats valors de CV per a aquestes variables
tambe son descrits en el cavall Pura Raga Espanyol (Aparicio i col., 1986).

Perd on es va trobar més dimorfisme sexual va ser en les mesures de les
extremitats, tal i com es descriu en d'altres poblacions d'équids (Aparicio i col.,
1986), ja que 3 de les 6 variables van ser significativament diferents (P<0,001) entre

ambdos sexes (perimetres de la canya, del génoll i del travador).

En quant als index corporals, insistir una altra vegada, que I'abséncia d'estudis
biométrics en l'espécie asinina, ens va fer prendre els index, valors de referéncia i
classificacions per a aquests, els utilitzats en I'espécie cavallar, pero tenint en compte

a I'hora d'analitzar els resultats, que es tractava d'una espécie diferent.

Segons el resultat dels index corporals, podem classificar a la nostra poblacié
com a longilinea (index corporal i toracic), hipermetrica (index metacarpo-toracic),
dolicocefala (index cefalic i cranial), amb pelvis convexa i baixa insercci6 de la cua
(index pélvic). L'index 1 ens indica que la proporcio entre la capacitat toracica i les

algades enregistrades, és- petita, indicant que aquests animals haurien pogut perdre
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part de la seva aptitut treball, abans tan apreciada, i que de voler tornar a utilitzar a
équests animals per a tir i carrega, shauria d'intentar seleccionar cap a una major
capacitat toracica. L'index 2 ens indica que estem davant d'uns animals molt ben
proporcionats, encara que el ter¢ posterior té una leugera tendéncia a ser menys
elevat que l'anterior (altrament, aquest és un tret caracteristic de I'espécie asinina).
Només lindex 3 va mostrar diferéncies estadisticament significatives per al factor
sexe (P<0,05), indicant que els mascles tenen unes extremitats més llargues que les
femelles, 1 per tanf, que "tenen el ventre més allunyat del terra” que aquestes. L'index
4 ens indica que el diametre de la canya en la nostra poblaci6, és menor del que en
cavalls es considera com a harmonic (Menezes, 1935), perd aixd no ens ha de
sorprendre, ja que els ases son coneguts per les seves fines extremitats. Finalment,
I'index 5 ens classificaria aquests animals com a longilinis (com en els index corporal
1 tordcic), perd amb uns valors realment molt propers a la unitat (essent doncs,

mesolinis, i dibuixant un perfecte quadrat).

De Ianalisi de les correllacions de les 26 variables morfométriques s'en
dedueix que hi ha una estreta rellacié entre les variables com passa en altres
poblacions (Aparicio i col., 1986; Oom, 1992; Hewia i col., 1993); encara que les
correl.lacions intra-regionals entre les mesures del cap van ser més petites que per a
les mesures del tronc o les extremitats. També les correl.lacions inter-regionals van
ser altes entre les mesures del tronc i de les extremitats, perd molt variables entre les
mesures del cap. Els dendrogrames obtinguts mitjangant el meétode UPGMA per a

aquests coeficients de correl.laci6, confirmaren els resultats comentats préviament.
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Caracteritzacié hematologica i bioquimica clinica

Els rangs de referéncia trobats per a la raga asinina Catalana van ser molt
semblants a altres races i poblacions asinines mundials (French i Patrick, 1995).
De la caracteritzacié hematologica i bioquimica clinica de la nostra poblacié
s'analitzaren l'efecte de tres factors (sexe, edat i tipus de maneig) en 16 -
parametres hematologics i 12 bioquimics. Si revisem cadascun d'aquests factors,
| trobem que per al factor sexe, no hi han diferéncies significatives per a cap dels
 parametres hematologics analitzats, tal i com altres autors com French i Patrick,
(1995) troben en les seves poblacions. En canvi, dels parametres bioquimics,
només la concentracié de fosfolipids va mostrar diferéncies significatives per al -
factor sexe (P<0.01). French i Patrick (1995) i Zinkl i col.,, (1990) van trobar

abséncia de significaci6 per a aquest parametre.

En canwi, el factor edat va ser el factor que més diferéncies va mostrar
entre les subpoblacibns d'animals adults i joves. Per exemple, el nombre total de
leucocits decréix considerablement en augmentar l'edat de lindividu,
~ possiblement atribuible al major desenvolupament del sistema inmunitari dels
animals joves. A diferéncia del que altres estudis manifesten (Fowler i Zinkl,
1989), el recompte d'eosinofils disminueix amb l'increment d'edat dels individus,
reflectint possiblement que el maneig .antiparasitari en la nostra poblacié és
bastant correcte. També, dos parametres rel.lacionats amb la série vermella
(MCV i MCH), i la proteina plasmatica, augmenten amb I'edat dels individus com
també reflexen altres estudis realitzats amb poblacions d'ases (Zinkl i col., 1990),
de cavalls (Jain, 1986), o llames. (Fowler 1 Zinkl, 1989). El fet de que augmentin
els valors de MCV i MCH pot ser degut segons Allen i Archer (1973), a que

també augmenten altres variables com el PCV i l'hemoglobina 1 en canvi
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- disminueix el recompte eritrocitari. En canvi, el fet de que auginenti la proteina
plasmatica es déu probablement a 'augment de la concentracié de y-globulina
sanguinia. Per altra banda, dels parametres bioquinﬁcs analitzats, només la
concentracié de fosfor inorganic disminuia amb 'edat dels individus. Zinkl i col,
(1990) van trobar el mateix resultat i ho van rellacionar amb un menor

metabolisme ossi dels animals a mesura que es van fent grans.

Per al factor tipus de maneig, si que es troben més diferéncies
significatives. En concret per als parametres hematologics rel.lacionats amb les
cél.lules vermelles de la sang (recompte eritrocitari, MCV i MCH) i la proteina
plasméﬁca, aixi com per é tres dels dotze parametres bioquimics analitzats
(bilirrubina total, concentracié de creatinina i activitat GGT), reflexant, tal
vegada, alguna diferéncia nutricional entre els dos tipus de maneig donats en la
poblacié en estudi, ja que les concentracions de creatinina depenen directament
del contingut total de creatinina corporal, és a dir, depén de l'ingesta diaria i de la
massa muscular de I'animal (Kaneko, 1989). No es van trobar analisis d'aquest
factor en altres estudis. D'altra banda, pot ser caldria tenir en compte, que en una
de les subpoblacions, els animals tenien accés algunes vegades, a les menjadores
dels vedells (ja que estaven a la mateixa explotacid), i aixo pot haver sesgat algun

resultat.

Caracteritzacié genética
La caracteritzacié genética es va dur a terme en dues fases, diferenciades
per I'is de diferents técniques per a la deteccié de varabilitat genética. En la

primera fase es van utilitzar 7 marcadors de tipus proteic, utilitzant les classiques
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tecniques de ressolucié electroforétiques (mido, agarosa, poliacrilamida) dels

diferents components sanguinis per al genotipat dels individus.

En la segona fase es van utilitzar marcadors de tipus ADN microsatel lit.
Al principi d'aquesta fase s'utilitzaren gels de poliacrilamida (PAGE) i tincié en
bromur detidi per a la ressolucié dels productes amplificats dels 12 locﬁs
analitzats, 1 posteriorment, coincidint amb l'aparicié al mercat d'un kit comercial
per al genotipat de cavalls de la casa Perkin Elmer Applied Biosystems (Equine
Paternity PCR Typing Kit, 1996), s'analitzaren 12 marcadors microsatél lits més
(5 dels quals ja shavien analitzat amb I'altre técnica).

Aquest nou sistema de deteccié de vanabilitat genética, ens ha permés
detectar més variabilitat genética: es va passar de detectar com a mitjana de
2,740,7 .a 11,941,0 allels per locus, el promig dheterozigositat esperada (H.)
s'incrementa de 0.546 (1£0,048) a 0.719 (£0,028), millorant considerablement els
- valors de PIC. En aquest kit, els cebadors estdn marcats amb fluorescéncia, i el

producte amplificat es pot analitzar en aparells DNA Sequencer.

La probabﬂjfat d'exclusié de patemitats (PE) obtinguda a partir de l'analisi
d'aquests loci, només arriba fins al 82,9%, indicant que seria convenient I'analisi
de més marcadors per a I'obtencié de més variabilitat, 1 també de més fiabilitat en

el calcul de 1a PE.

Quan es van analitzar els genotips obtinguts a partir de les mostres -
analitzades amb el kit de Perkin Elmer, i a I'haver utilitzat una técnica molt més

acurada per a la ressolucio dels productes amplificats, es van poder identificar
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~ nous allels, que van millorar els valors de PIC (polymorphism information
content) de cada marcador. Aquests resultats ens permeteren ara si, donar unes
probabilitats d'exclusié de paternitats amb un 99,9% de fiabilitat. En aquests
moments la identificaci6 individual i la recerca d'aquells individus de la poblacid
que tinguessin un major grau d'heterocigositat tindria uns nivells de certesa molt
alts.

De Tl'andlisi dels genotips realitzats amb marcadors bioquimics 1
microsatéllits (ressolts amb PAGE i1 bromur d'etidi), el més destacable fou
l'abséncia de significacié estadistica per a l'estadistic Fis (Wright, 1965), el qual
mesura el grau actual de consanguinitat que mostra la poblacid (més
acuradament, el déficit o excés d'heterocigots en la poblacid). Logicament, per a
poder donar valors més ﬁables de consanguinitat s’haurien hagut d'analitzar més
loci. No obstant, els resultats obtinguts amb aquest conjunt finit i re_dui‘t de
marcadors ens va permetre postular la hipotesi de que: la consanguinitat, en el cas
de que n'hi hagués, seria negligible. Aquests resultats estarien en bastant bona
“concordancia amb els obtinguts a partir de Iestudi de les dades genealogiques, ja
que els percentatge de consanguinitat acumulada per al periode 1979-1996 en la
poblacid, va ser tan sols del 5,9%.

Per altra banda, aquests nous loci analitzats (kit) varen permetre una millor
estimacié de la consanguinitat, éssent el déficit dheterocigots observats del

30,1% (Fis = 0,301 + 0,064).

Es podria dir que la mitjana de consanguinitat en la poblaci6 asinina

catalana, es bastant superior als valors obtinguts en l'anterior estudi genétic aixi
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com en l'estudi genealogic, encara que aquest deficit dheterocigots no pot ser
atribuible de forma exclusiva a l'aparellament entre parents, sino que també hi
podrien estar afectant fendmens tals com la subestructuracié de la poblacio
(efecte Wahlund), I'efecte de que alguns loci fossin indirectament seleccionats o
la possible preséncia d'al.lels nuls en algin dels loci. | |

Al ser impossible demostrar per genealogies (per la mala qualitat dels
pedigrees) la preséncia de allels nuls, no es va poder tenir en compte per a
I'analisi, tot 1 que ens varem trobar en algin cas, com el marcadors HTG4, on
aproximadament en un 30 % dels individus no es va poder obtenir'producte
amplificat, que permetrien pénsar en lexisténcia d'aquest tipus d'al.lels.
Malauradament els pedigrees dels que disposavem no ens van permetre trobar
animals que fossin homocigots per a aquest allel "no amplificant” o nul. Aixi
doncs, encara que existeix la possibilitat de que hi hagi una certa preséncia
d'al.lels nuls en la poblacio, aquest efecte no va poder ser estimat, 1 en el cas de

que ho pogués ser, aleshores el valor de consanguinitat estaria sobreestimat.

Tampoc no va ser possible demostrar que aquests loci estiguessin en
desequilibri de lligament amb amb algin caracter d'interés selectiu, perqué no

dispossem de suficients dades productives per poder-ho valorar.

Quan es va analitzar el possible efecte de la subdivisié de la poblacié en
els valors de déficit dheterocigots observats obtinguts, es va dividir a la poblacid
en tres subpoblacions atenent a laillament geografic, diferent politica

reproductiva i fluxe genétic escas, i s'analitzaren per a cada loci els estadistics Fig

®, Frr (F) 1 Fsr (0).
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Els resultats obtinguts demostraren que existeix un certa estructuraciod
reproductiva en aquesta poblacio (6 = 0,047 + 0,014; P < 0,01), 1 només 4 dels
11 loci analitzats no varen ser significativament diferents de zero per a aquest
estadistic. Aquest resultat podria en part explicar el gran déficit dheterocigots

detectat en la poblaci6.

Aixi doncs, es podria dir que els valors de consanguinitat trobats en la raga
Asinina Catalana son bastant superiors als que shavien trobat per a aquesta

poblacié en estudis previs.

Caracteritzacio de 1'estructura genealogica i demografica

Pot ser sigui aquesta fase en la caracteritzacié de la raga asinina Catalana,
~ 1a més rel.levant a I'hora de dur a terme els dos objectius principals del Pla de
Conservaci6 de la poblacid, és a dir, el manteniment de la maxima quantitat de
diversitat genética amb el minim increment de consanguinitat possible per

generacio.

Dels resuliats obtinguts en aquest estudi la mitjana de l'intérval
generacional entre pares i descendents no va mostrar diferéncies significatives
entre els intervals materns i paterns. Tampoc no es varen trobar diferéncies en la
mitjana de vida 1til reproductiva entre ambdos sexes. Aixo ens indicaria que les
taxes de reposicid anuals son molt semblants en les subpoblacions de femelles 1
mascles.

Si volem minimitzar la consanguinitat hem d'augmentar el N, 1 aixo

succeeix quan l'interval generacional augmenta. Per tant, l'edat dels animals quan
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comencen la seva vida reproductiva hauria de disminuir aixi com la taxa de
reposicié actual, és a dir, en definitiva, s’hauria d'intentar allargar al maxim

possible la vida util reproductiva dels progenitors.

La contribuci6 amb descendents per mascle va ser el doble que per les
femelles, encara que la distribucié familiar d'aquestes va ser més homogenia que
no pas la dels mascles. No obstant, per a maximitzar el Nombre Efectiu de
Reproductors, caldria procurar que la contribucié de cada reproductor a la
segiient generacié fos més equitativa, és a dir, que de forma optima cada femella
contribuis amb una cria femella i cada mascle amb una cria mascle, a la segiient

generacio.

Perd el parametre on teoricament s’hauria de treballar més per a poder
maximitzar aquest N, €s el rati sexe, perqué el percentatge de femelles adultes
quasi dobla a la proporci6 de mascles. Pero el que és més greu, és que el nombre
d'individus reproductors no arriben a la meitat del nombre d'individus adults i que

potencialment podrien ser utilitzats com a reproductors.

Per altra banda, el percentatge de consanguinitat acumulada (periode 79-
96) en la poblacié (5,9%), aixi com els valors de consanguinitat individual i elé
increments anuals 1 generacionals shan de prendre amb precaucid, ja que el grau
de fiabilitat del pedigree (completeness del pedigree) no és massa elevat, 1 a partir
de la cinquena generabié la proporci6 d'ancestres coneguts és tan sols d'un 20%.
Perd el que és pitjor, 1 que encara | sesga més la mitjana del coeficient de
consanguinitat és que hi han individus on es conéix gran part del seu pedigree, 1

n'hi han d'altres Que malgrat ser contemporanis a aquests, es desconeix tota 0
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bona part de la seva genealogia. Malgrat aix0, la tendéncia al llarg d'aquests anys
ha sigut molt positiva, reflexant la important tasca portada a terme per 'AFRAC

en aquest periode.

Un altre objectiu fonamental del programa de conservaci6 "in situ", era el
de mantenir la maxima quantitat de diversitat genética possible, és a dir, retindre
en la poblacio el maxim rang d'al.lels de la poblacié fundadora. Per a maximitzar
aquesta retencid es van tenir que identificar aquells animals que conservessin
millor la variabilitat genética anéestral, éssent I'individu ideal aquell que rebés

igual contribucié de tots els ancestres de la raga.

L'Index de Conservacié Genética (GCI) de cada individu ens mesura el
Nombre Efectiu de Fundadors (f;) que hi ha en el seu pedigree, 1 aquest valor
haurd de ser tingut en compte a l'hora de programar els aparellaments.
Logicament, els aparellaments més adients entre dos reproductors seran aquells
que maximitzin el GCI del seu fill. Aquesta informacié ja s'esta utilitzant per a
recomanar als criadors els aparellaments més optims entre els individus de la

poblacio.

A partir de tota la informacié genealogica del periode analitzat (1979-
1996), es van obtenir el nombre total de fundadors (f;), que va ser de 85, 1 el
nombre efectiu de fundadors (f), igual a 51,31 ancestres. Es podria considerar
que aquést valor de f. és molt elevat, i pensem que fonamentalment es deu a que
la qualitat dels pedigrees no és molt bona, ja que es considera un animal fundador

quan es desconeix la identitat dels seus progenitors.
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Possiblement, molts d'aquests individus no serien representatius de la
vanabilitat genética existent en la poblacié actual, 1 aix0 per dos motius. En
primer lloc, perqué alguns dels animals que shan considerat com a fundadors, 1
per tant genéticament independents (parentiu nul), en realitat no ho siguin. I en
segon lloc, perqué¢ les contribucions é la poblacio actual estan molt
desequilibrades, ja que alguns fundadors tenen unes aportacions molt baixes,

inclus nul.les.

Aix0 ha provocat queﬂ es concentri la influéncia d'alguns ancestres en el
total de la poblacié actual, mentre que la influéncia d'altres ha desaparegut o és
molt baixa, produint que la base genética de la nostra poblacié es vegi molt
reduida en successives generacions, degut a aquesta desigual contribucié dels
fundadors.

 El quocient f/f; igual al 60,36%, ens indica que, aproximadament, per a
cada ancestre que contribueix efectivament al pool genétic de la poblacié actual

n'hi ha un altre, del que la seva informacié sha perdut.

De I'estudi de simulacio6 realitzat en la raca asinina Catalana

Els dos objectius d'aquesta part de la tesi son, d'una part, veure quines
serien les consequéncies de no dur a terme el Pla de Conservacio, aixi com veure
quines son les variables més critiques per a la supervivéncia de la ndstra poblacié
per tractar de minimitzar el seu efecte negatiu.

Per a aquest analisi, es utilitzar com a dades inicials, les obtingudes a partir

de caracteritzaci6 genealogica i demografica. Cal destacar, que per exigencies del

programa informatic, es va haver de subdividir a la poblacié en dos, prenent com
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a criteri la diferent politica reproductiva i de maneig que es porta a terme. Aixi
doncs, aquestes subpoblacions son: subpoblacié 1 (SP1), que la conformen 54
amimals que es troben en una mateixa explotacié a on durant I'estacié
reproductiva és facil planificar els aparellaments, ja que tots els animals
reproductors estan efectivament disponibles; i la subpoblacié 2 (SP2), que
comprén 55 animals, tots ells dispersos entre un nombre elevat de propietaris, 1

on és dificil I'intercanvi de reproductors.

En aquestes condicions inicials, les prediccions del programa VORTEX
son que, les primeres extincions (TE) succeirien d'aqui a 56 anys, éssent la SP2
qui més afectada es veu (TE = 23 anys), per I'elevat percentatge d'animals en edat
reproductiva que son desaprofitats. Malgrat que el cens d'ambdues subpoblacions
és quasi igual, la major diferéncia es troba en l'estructura reproductiva. La
proporcié d'animals en estat pre-puber és d'un 10% menor en SP2 que en SP1. A
meés, el percentatge de femelles en edat reproductiva que no deixen cap cria a la
segiient generacio és més del doble a SP2 (74%) que a SP1 (35%).- Tamb¢ el
percentatge de mascles que formen el pool reproductiu és major a SP1 (43,75%)
que en SP2 (35,71%). Evidentment, la probabilitat d'extinci6é (PE) per a ambdues

subpoblacions va ser del 100%.

Aquest deéficit en I'eficacia reproductiva de SP2 és degut fonamentalment a
problemes de maneig, com la manca en la detecci6 de zels, dificil accessibilitat
dels animéls, manca d’acord entre els criadors per a facilitar l'intercanvi de
reproductors 1 l'inexisténcia d'una técnica eficag de reproduccié assistida que

pogués resoldre els anteriors problemes.
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Partint d'aquest escenari, és possible imaginar quines mésures es podrien
prendre per a millorar aquestes expectatives. Es varen simular 21 escenaris en els
que es modificaren tres possibles factors: incrementar la grandaria de la poblaci6
(el que el programa anomena capacitat de carrega); millorar I'estructura
reproductiva (augmentant tant el percentatge de femelles com el de mascles que
deixen descendéncia); 1 incrementar la taxa de migracié entre ambdues
subpoblacions (entenent com a migracid, l'intercanvi d'animals vius o de semen

quan la técnica o permetés).

Incrementar la grandaria poblacional és, a priori, I'objectiu fonainental de
tot Programa de Conservaci6 (junf amb la conservacié de la major quantitat de
variabilitat genética), perd sovint aquest és un objectiu que és dificil assolir,
sobretot per raons de tipus economic. En el nostre cas, tot i que la raga asinina
Catalana és una poblacioé que cal conservar perqué constitueix un recurs genétic
insubstituible 1 forma part del nostre patrimoni cultural, és evident que si no
existeix una demanda de mercat o una rad economica que justifiqui la seva
crianga, només es podrd mantenir un efectiu reduit. Quan es va simular que la
grandaria poblacional arribava a quadriplicar-se, la PE arribava a disminuir un
66% per a SP1 1 tan sols un 2% per a SP2. Aixi doncs, es pot concloure dient
que, és la grandaria poblacional el factor més critic en la vulnerabilitat de la
nostra poblacié segons les prediccions de VORTEX. Altrament, si ja és quasi
utopica la idea de quadriplicar I'actual cens, encara ho seria més el pensar en
grandaries poblacionals majors. |

Aixi doncs, es va simular la millora en la gesti6 reproductiva de la poblaci6
(percentatge | de femelles adultes que deixen descendéncia, percentatge de

mascles en el pool reproductiu i ambdos factors combinats). Només el factor
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millora de la gestié reproductiva en les femelles (igualant el percentatge de
femelles del pool reproductiu de la SP2 al de la SP1) ja comporta una millora
considerable en les expectatives de la poblacid, endarrerint més de quatre
vegades el temps en que es produeix la primera extinci6. El fet de millorar només
el percentatge de mascles que en SP2 forinen part d'aquest pool reproductiu
(igualant-lo al de SP1), no va produir un efecte massa destacable, ja que els
pefcentatges d'ambdues subpoblacions son molt similars. De la mateixa manera,
quan es simula la combinacié de millorar ambdos pools reproductors, el resultat
va ser molt similar al produit 'quan es milloraven només les femelles. Aixi doncs,
en conclusié‘, podem dir que, l'efecte critic estd en I'elevat percentatge de
femelles, que sobretot en SP2, mai deixen descendéncia. Si bé avui en dia no és
gaire probable que la grandaria poblacional augmenti indefinidament, si que és

raonable pensar en una gestié més acurada de la reproduccio.

D'aquesta manera és raonable pensar en millorar al maxim el percentatge
de reproductors (ambdos sexes) que contribueixen amb descendents a la segiient
generacié. En aquest cas, taxes de fertilitat de fins al 80% (England, 1996; Jordi
Mir6, comunicacié personal) podrien ser assumibles. Per assolir aquestes xifres,
caldria disposar de técniques de reproduccio assistida i conéixer en profunditat el
cicle estral de les someres. En aquest escenari la probabilitat d'extinci6 baixa un
46% i la poblacié créix un 2,66% més que en l'escenari inicial. Pot ser aixd no
sembla millorar gaire, pero tenint en compte que encara estem parlant d'una
grandaria poblacional de 109 individus, aquest resultat és bastant esperangador.

Quan combinem ['anterior millora amb un increment de la grandana
poblacional (tant fins a 2N com fins a 4N), VORTEX ens prediu una probabilitat

d'extinci6 del 0% per a l'escenari on quadripliquem la poblaci6 i del 7% per a
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l'escenari amb 2N. Aquests valors (sobretot el primer), s'apropen molt al que
Lacy (1993) defineix com a "poblacié minima viable", que és la poblaci6 en que

als 1000 anys tindria unes probabilitats d'extingir-se del 1%.

Amb aquests resultats a la ma, podriem acabar amb la conclusié de que
per a conservar una petita poblaci6, és molt important establir una eficient

estructura 1 gestié reproductiva dels animals.

La simulacié de I''ncrement en les taxes d'intercanvi de reproductors entre
ambdues subpoblacions, no va ser tan esperangador com els resultats obtinguts en
els altres escenaris analitzats. A priori esperavem que el fet d'incrementar el fluxe
genétic entre ambdues' subpoblacions ajudaria a dismunuir les taxes de
consanguinitat de la poblacio total, contrarrestant els efectes de la pérdua de
diversitat genética per subdivisio (Lacy i Lindenmayer, 1995) i d'aquesta forma
incremenar l'esperanga de supervivéncia. Perd el que succeeix és que I'eficiéncia
amb que la seleccié descarta els gens letals recessius en cada generacid

disminueix.

Els resultats obtinguts en tots aquests escenaris deixen clar, que es tracta
d'una poblacié en un estat molt vulnerable d'extincio, i que els factors que més
greument l'estan afectant son la reduida grandaria poblacional i la deficient
estructura reproductiva, especialment en les femelles. Ambdos factors poden ser
controlats a curt-mitja terminis dins del marc d'un Pla de Conservaci6 "in situ"

que inclogués técniques de fertilitzaci6 assistida i maneig reproductiu.
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D'acord amb els resultats obtinguts les principals conclusions d'aquest
treball son les segiients:

1. La poblaci6 mostra poc dimorfisme sexual per als parametres biométrics
analitzats, aixi com per als index corporals calculats a partir d'aquestes.

2.Es podria classificar als anmimals d'aquesta poblaci6 com a longilinis,

| hipermétrics, dolicocéfals, de pélvis convexa i de baixa inserccio de la cua.

3.Els valors de referéncia obtinguts en la caracteritzacio hematologica 1
bioquimica clinica no son significativament diferents dels trobats a la
bibliografia per a d'altres poblacions asinines mundials.

4. Es possible la verificacié de genealogies a partir de la caracteritzacié genética
dels individus ja que la-probabilitat d'exclusié6 és del 99,9%.

5. Existeix una important manca d'heterocigots en la poblacié que en part podrien
indicar un elevat grau de consanguinitat (Fis = 30,1%), tot i que podria ser en
part explicada per la subestructuracio de la poblaci6 i per la possible pfeséncia
d'al.lels nuls.

6.S1 bé, el kit comercial utilitzat per al genoﬁpat dels individus d'aquesta

poblacio, és rapid i efectiu, en casos de verificacions de paternitats dubtoses,
caldria utilitzar marcadors microsatél lit aillats i marcats amb fluorescéncia per
a obtenir un genotipat molt més fiable.

7. Caldria millorar la gestié de l'estructura reproductiva de la poblaci6 a fi i efecte
d'augmentar la grandaria efectiva de reproductors (N.) que va ser de 60
individus, sobretot augmentant la contribucié de femelles que deixin

descendéncia i evitant la sobreutilitzacio de certs mascles en la reproduccio.
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8. El nombre efectiu de fundadors de Ia poblacié fou de 51,31 ancestres, havent-
se perdut més del 60% de la contribuci6 ancestral tot i tenint en compte que
aquest valor pot estar sobreestimat donada la deficient qualitat dels pedigrees.

9. Sha d'assegurar que el maxim nombre d'animals com sigui possible (d'ambdos
sexes), contribueixin equitativament, durant el major temps possible, amb
descendents a la segiient generacio. a

10.Per tal de minimitzar les pérdues continues de variabilitat genética de la
poblacio i el conseqiient increment de consanguinitat, shaurien de programar
els aparellaments de forma que el criteri d’eleccié per a 'aparellament optim d'un
guara amb una somera, fos aquell que maximitzes I'index de Conservacio Genetica
(GCI) i minimitzes la Consanguinitat (F) d'un hipotétic fill de la parella.

11.L'estudi de simulaci6 de wiabilitat de la poblacié mitjangant el programa
VORTEX, confirma que la poblacié es troba en un greu estat de vulnerabilitat i

| qué els factors que més la debiliten son la petita grandaria poblacional i la
deficient estructura reproductiva.
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