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INTRODUCTION
 

The Fat-tail type of sheep is probably the most important in the 
world in terin- of its overall contr~iution to mankind. It has been 
estimated (1) that possibly as r.,uch as I/3 of the world's sheep
population are of this general type. T'is .is exceeded only by the 
Fine-wool types (Meripo or breeds derived from l:lerino), llowever, the 
latter types are, in many countries, exploited wi th the primary emphasis 
on wool production. Ly contrast:, many of tHie Fat-tail types are used 
for tlhe producr:ioni of milk, m and1at woo] . It is not tlluqual tlt milk 
is the most ii,miportant product obrilinod, and fat-tail sheep Z're co:mnonly 
produced in are:i s or dcvLclop:i n, countrfi ,ilore output. from the sheep
industry makes a more imporULnt cont r~ibut. oi tC, iueting man!4 need for 
food and fibor. 

There arc maly brods or typ s of fat-tail sheep. Perhaps the two 
mast prevalent ard b,;t 11no,1, of this g roup are those oe ii asn the 
Karakul and Awaris-i. The K1ra,:u] is tlie breed useo for Ilie production of 
Persian lamb pe Itv, (in arctu;] prac tice, liowever, a Ja r-e portion of the 
lambs produced 10-crifiecdare not for pelt product'.,n) , but insted are 
later utiFioed Jar meat: produ tioi. Ihe Av.;issi reed is wide;pread in 
the .Middlie Eat: anld adijacent r'1is and isl not:ed as a superior breed 
for lk pr-cductioll (2i. ss11nti:1 v all Fat-tail type, ha've a number 
of characterist:ics in colon. In ddi ti on to the deposit:i cm of the fat 
in the ta:i , they aro e.s;::117t.a(ly 0.1 at. ced to arid reJcu. wtth wide 
r; nge S i 1 (211v i r1nleM i LatI t' iUile rature , tII . produc , carpet wc 01l, they
geIe,1.l:-1\ y w loxw twirII nj rates (3) , th:Iey Iave well deve lo," i fiockin1 
instinctf3, and they con trave]- onlg, distan1ces. in many I:s ,'11 a a 

.distinct preer nce is ;hown o: ..c.meaL Iraf,-ta: heep over ,::,- of 
other types. In a ddft.Ion , te reas where fat--.toil heep are prod.uced 
arc -noted for a high levCl of lamb or ntton consfmtlto wherea .1mb or 
muttm 'ol smptiel is often 1or decl fin, h l. .ine-wool 
types are prodoced. Although the e:p.lanat'ion for h:is I:,end is not 
alppa rent, it has jLisp-ortalt ~t:jinfeat :ions for the ;hoe r, Jlldu st]rit._ in latly 
parts of thie wor]ld. Fat-tal types are those nioaiaL.iy p e,'dce and 
cons ed in the Bcar East and Persian Gulf areas wh ich are net: i i~pno ters 
of sieep .aen.. Some of the more important: exporting countrics suer, as 
Turkey, also produce f"It-tal- ,-Iteep. Thus, any unique aspects of th s 
animals have implications for world trade i TIeen t.cat 

Also, there appears to be a need to conc.-icier chares in the 
industry where fat-tail sheep are produced. As early as 1961, Epstein
(2) indicatecd a strong consumer aversion to fat meat in Israel resulting
in fat trim of the fat-taij, sheep carcasses be ing uSed for the 
manufacture of sop or an ima]L fed. Nehran and Filsoof (1i) ,;tated "d,, 
to the introductLion of tle shortening Industry in Iran, the demand for 
sheep tail-fat for nutritional purposes has bee1 decreasing...". This 
can be shown to be true i.n many countries where these sheep are 
produced. Nevertheless, there appears to be a reluctance for workers ini 
these regions to suggest considerations of a need to change

Although extensive research has been conducted with sheep, Tiitch of 
this has been done with tIic erino type or those types found in 
temperate clim ates. Less research work has been done with the Fat-tail 
types. It Se ci," fittin , ti!r:t ;in activi t with inter:natinnal 
iu;l1 :ca t J.o S tIIch Is tIIe 1:al "'1.aull:;,Ilanll Co.l l i ratLive .':;earci ,.upport
Program (SR-CRSP) should have an interest in these animals. 
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The only Fat-tail type of sheep known 
to be present in the U.S. is
 
the Karakul. A small number of Karakuls were brought to Archer County,

Texas in 1908 from Bokhara or Turkistan which is presently a part of the
 
Soviet Union (5). Other importations, consisting of small numbers have
 
been made since that time. The name Karakul apparently derives from a 
town of the same name in Turkistan. A pelt industry based on the
Karakul exisLed for a time in the U.S., but seems to have died out prior
to 1940. Experimental flocks were maintained for a period of time by
the Texas Agricultural Experiment Station (6) and by the U.S. Department
of Agriculture (7). Ehe number of Karakuls in this country has reached 
a very low point at the present time. A small research flock was
established by th_2 Texas Agricultural ExIperiment Station to assist n 
maintenaice of this genotype in this country and to collect pertinent
research informa.tion which migt contribute to the overalle goal of the 
SR-CRSP. Some ve.,ry important questions relating to this general type of
she.p have to do with their adaptation to adverse environments, the 
eating qualities of their -jeat, the relationship of the tail to 
adaptation and to reproduccive efficiency. There is also a need to 
explain the origin of the fat-tail trait. 

Material and Methods 

In 1979 a small number of Karakul sheep were obtained and brought
to the experimen'al flock niutaied at San Angelo, Texas (see figure
1). The animals were obtained from range flocks in New Mexico. Prior 
to that time, some limited cro ,sbreeding studies had been conducted 
utilizing two Karakul rams obtaiaied at an auction market in Texas. 
Since 1979, a series of studies has ber.n conducted and the results will
 
be reviewed under various subject matter 
 headings in this report. In 
this series of studies, the Karakul has been used as an example of the
larger fat-tail group, even though it may be debatable to what extent
 
data from this breed can be extrapolated to the larger population.
 

Results and Discussion
 

Comparative Ewe Performance
 

During the period of years covered by this report, ewe flocks of 
grade Finnish Landrace, Rambouillet and Karakul were maintained on the
 
Station. 
Breed comparisons were not a part of the experimental plan and
 
the ewes were not always managed under the same conditions, but they 
were generally treated 
in a similar manner. Thus, specific data on
 
breed comparisons will not be reported. 
 However, some comments seem to
 
be warranted. The Karakuls are more hardy and represent an "easy care" 
sheep. Ewe body weights and especially ccndition tend to be higher for 
the Karakuls under adverse range conditions. Karakul ewes also sustain 
lower annual death losses. Somewhat surprisingly, the Karakuls used in
 
this study were wilder and more difficult 
to handle. The Karakuls have
 
the lowest lambing rates of the three types (i.e., 1.17 lambs born per

ewe lambing compared to 1.43 for Rambouillet). There were no 
significant differences thein percent ewes lambing, but in total number 
of lambs dropped the Karakul was the lowest. Percent lamb survival was 
highest for the Karakuls, even wheLI corrected for type of birth.
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However, the survival advantage was not enough to overcome their lower
 
reproductive parameters. Under prevailing 
range conditions, average

weaning weights were 
higher for the lambs produced by Karakul ewes but,
under other experimental conditions, weight gains of lambs on feed 
tended to favor Rambouillets. 
 In respect to fleece weights, he 
Karakuls were intermediate between the other two breeds (6.3 lb. 
compared to 10.0 for Rambouillet), and in traditional market channels in 
this country, the market value of the Karakul fleece was much lower. 
This was explained by its coarser (and more variable) diameter (29.2
microns compared to 20-22 micron for RambouiIlet) and a higher colored 
fiber content (8). There is a potential market for use of the carpet­
type wool in home craft industries if it can be e:,:ploited. Thus, the 
fat-tail (Karakul) sheep would not have an advantage over the finewool 
(RamboulLet) in this count ry e-cept possibly under very harsh 
conditions whe re survival of the ewes and lambs are in question. There
 
is no reason to predict or to recommend a return to use of t..e Karakul 
unless a lamb pelt industrv is revived and that does not appear likely.
The:.efore, domestic 
 interes t in the Karakul will likely rest on
 
mainta.ining this genotype in the U.S. for purposes of studving some of 
the unique aspects of these sheep, investigating then because of their 
importance on an intcrnational scale or learning things about 
them which
 
may be cf local interest.
 

Relationship of the Fat-Tail to Reproduction
 

It seems obvious that the fat 
tail of the Karakul ewe provides some 
impediment to mating (figure 2). The degree to which this is true 
would, to some extent, be a function of the ccnldition of the ewe and 
thus of the amount of fat in the tail. It is generally recognized that
 
producers of fat-tail sheep use a higher 
 ram to ewe ratio than is used
 
With other types of sheep. The rams must be also older or more
 
experienced before they can be relied on for breeding. In addition, a 
significant portion of the fat-tail sheep in several countries are 
produced on state farms 
 or government farms in which 
artificial
 
insemination is practiced, no doubt in part becaue o the physical
difficulties associated with mating. Also, 
 many managers of
 
institutional flocks and private producers assist 
in the mating process

by holding the tail of the ewe to the side during mating. There is a 
also a general belief, partially supported by observations, that rams of 
the fat-tail breeds are more likely to be successful in mating these 
types of ewes than 
are rams of other types (9).
 

Test of Mating Success;
 

Two tests were conducted in which the ability of rams to serve 
fat-tail ewes were evaluated. In the first test, 
12 rams of the Finnish
 
Landrace, Karakul, Rambouillet and Booroola x Rambouillet breeds were 
exposed for 10 minutes each to a restrained non-docked fat-tail ewe.
The ewe or ewes utilized were not in estrus at the 
time. The 12 rams
 
made a total of 107 mounts or attempts to mate the ewes. 
 None of these
 
were successful. For the most 
part, these were young rams-, but one
 
experienced Karakul ram was used. These data indicate the extent to 
which the fat-tail is an impediment to matiag. 
This test also failed ro
 
show a breed difference in the rams ability to mate the ewe since no 
services occurred.
 



Figure 1. One of the Karakul ramS used in Lhcse studies. They may be 
horned or polled and the color may range from black to white. 
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Figure 2. The fat tail is 
a definite impediment to mating. This mature
 
ram of one of the fat-tail breeds of the Middle East was
 
observed for several minutes, and was unable to serve the
 
ewe.
 



In a second test, 10 rams of the same four breeds were exposed 32
different times for a 10 minute period to restrained Karakul ewes. Ope
half of these exposures were t:o a docked ewe and half to an undocked 
ewe. Several of the rams used in this tes,.t were y0'(. g, inexperienced 
rams, some of which d id not attempt to serve e Ithor of the ewes under 
test conditions. However, when exposed t o the doc1 ked ewes, 1/4 attempts 
were made to serve the docked ewe of which 1! or 7P .52 were successful. 
The rams mnde a totai of 123 in0l1t or a t terpts to theSo rve und ocked 
ewe without succe :s. Aga in, there wri.; 110 document a tion of o difference 
due to breed of the ram as; indlrikdual raii; o1 e:ich of the orcedsc were
succesSful in mating the (OCked ewe an11d 110e Of the ra, rega-rdless of 
the breed, wa succe,,:fuL in ii.at:jng the undocked ewe.
 

These te sts were conducted 
 pr ior to the s tart of the breeding
seas;on wl th the re ult that none of the rMS had been e',:poSed to a ewe 
for plpro>.i-,-.ately one. year, an d some had not been lSed rDrevi ously.
These data .'ertaiuiy docurient the interference of the fat tail to mating
Success. Iowever, tlie, no pative resnlts obtained in these tests cannot 
be truly -indicative of what occurs under field conditions since lamb 
crolps are ohta ined under product ionl condtit ion s. Therefore , a further 
study was conducted in which docked and undocked ewes were compared 
under field conditions. 

Comparisons of docked vs undocked ewes; 

Each year, a random sample of approximately one half of the lambs
of each sex were closely docked and the remainder were left undocked. 
The females were added to the flock and were later evaluated in respect 
to reproductive performance over a six-year period. ewesThe were 
exposed as a group 
 to two Karakul rams either 
 concurrently or
 
consecutively. The 
rams were 
put with the ewes in August of each year.

The results are shown in Table 1. 
 These data generally show the
 
reproductive performance 
of docked ewes to be superior to that of
 
undocked ewes. The most 
marked difference was in the 
percent ewes
 
lambing and in 
the lambing date. The lambing date represents the
 
average number of days from the time the rams were put out until
lambing. These data suggest that the docked ewes were mated 
first. The
 
difference is approximately 1/2 the length of the estrus cycle. The
 
percent ewes lambing was 
improved by docking; however, much of this 
was
 
accounted for in 
one year in which the 
lambing rate of the undocked ewes
 
was much lower. Both of these observations suggest again that the
 
ability to mate the undocked ewes is a learned experience which may be
 
highly variable between rams 
 and years. There was also a significant
difference between the docked and undocked ewes in lambing rate (lambs
born per ewe lambing). Differences between docked and undocked ewes are 
more marked in the actual data -- by years-- than is shown by the least 
square mean value in 
tabie 1.
 

Comparative values f:r the docked and undocked ewes for the years

1981 through 1986 are ,;hoin 
 in Figure 3. An explanation for the 
observed difference is unclear, but 
some possibilities can be suggested.

One hypothesis is that the fleshier undocked ewes with more fat in theii 
tails may be those which are less likely to be mated, and, it is known 
that fatter nwes tend to have higher lambing rates. Condition scores 
were not assigned, so, in retrospect, it is not possible to look into 
this question using these data. A second possible explanation is that 
the number of successful matings or services was lower 
for the undocked
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ewes which may have reduced the possibility that a given ova would be
 
fertilized. The 
 third is the posibility thant more fat on the body or
 
in the internal organs, 'Is opposed 
 to its presenee in the tai], may have
 
con t ribu ted to c- hi gher 
 ovuI at I on rate. lovas , l:,hi(10) found greater
uterine and ovarian wejjgits for docked vs. tindock,:d ewes,. T is finding

should be further .nvet 
 td :ill JIilt of tle 1.o'',o ibing, rat e ofe i la 

fat--ta i sheep in geiev;. ral Co]ectivel ,, tsugge studies snegest a number
 
of waI n Which- r1ductiUve performaince of these sheep might be
 
im'lproved
 

Table 1. Reproductive Performance of D1ocked vs Undocked Ewes 

Percent Weaning
No. Body wt. Lambs born Average Lamb wt. per 
ewe of ewes Percent per ewe lambing survival, day of 

years ,g lambing 1,mb nag Late Z age (geis.) 

Docked 111 53.3 92.9d: 1.234* 174. 7'' 78.5 273 

Undocked 120 7P9,':52.9 1.125* 182.5** 80.1 274 

LS Mean ­- 85.0 1.177 178.9 79.3 273.5 

* Significant at .05 Level of probability 

** Significant at .01 Level of probability 

Earing Quality of Meat from Fat-Tail Sheep 

There is a widespread belief in many countries that the meat
 
obtained fromn 
 fat-tail shep is preferred to that from other types.

From the very earliest date.s tlhat 
 these sheep -,,ere introduced to the 
U.S. one can find refetrences to differing (ualities of their meat. For 
instance, the foll owing statements have been gleaned from early

literature: "They produce the finesc flavored mutton to be found" - (5)

"Karakul mutton is preferred over any other 
 breed -- there is not that
 
musky taint to it that is objectionable to many" (11), "Karakul mutton
 
is free from the "wooly ta.te" so often objectionable in our domestic
 
breeds" (12), 
 "There is no sheepy flavor to the meat, on the contrary it
 
has a fine gamey touch -- ", "Being free of the wooly taste 
of our native 
sheep, the 
fat which is the butter of Central. Asia, is ideal for cooking

purposes" (12), "...they seem to be devoid of the strong mutton flavor
 
that is so often objectionable -- " (from 
 letter a signed by Mr. I.E.
 
Finney, General Manager, Armour that
& Co. in 1911). "We are advised 

the lambs are particular]v desirable, on account of being void of 
 the 
mutton or musty taste." (from letter signed by A.B. Case, Armour & Co. 
in 1911).
 

All the above colmmeiits derive from people who had a special
interest in promoting this type of sheep, or were probably made in 
response to the solici tation of people involved with promoting the 
breed. Two further comments of a more objective nature call. attention 
to a more negative point of view. "...they have large fat tails--which 
are a waste from the .;rtndpoint o: t-he packer. ,;inue( his cii15tomers do 
10ti want thi,,.. '' ( ) , '... ti v Cr rather ,ilgul],1- .I Io forimat ion and 
are not well deve.loped in th,,se portions of the carcass that yield the 
most expensive cuts of meat..." (7). 

i'\
 



The widespread belief that tile Fat-tail types differ from other 
types of sheep in the eating qualities of their meat persists to the 
present time in many parts of the world. ]For instance, a consqumersurvey conducted in Saudi Arabi a ;is recent: ly as 198/4 J.1ndicates consumer
preference ratings for the ICat1 of VI-e .1 G CC 1at-tail typerS to be
dramatically highler than tho,,;e fer i:eat from the 11eCrino . Thore are
potential alternati vc ep.]n;tiol. ler thi, e:xprc,,sId preerence , but 
unt it this h ,: bt,ic:It ill o1t, tH1e pos;O hi itv of a11nactual difference 

In ecating qutiaI:i I he ! , klt;-L !)(, cOI!i. itrr(*i.

'The ant hov,; ti l:i e epo-t 
 arc ci.are (unpil 1 i.Qh d replrt,) of

atteilpts to (ielil,-;t fltito J1if ferye n , in tle eaitinn; piue] j t ics of meat of 
fa t-tilj I orie,:i.nl w.1 tiiout s.:cc-ce,- ; 

f I two 

look, at Hil[ha; ciest i,. The + i't: 


1n the pr.:en u so ri c !c st :: , - atteumpts lI,)ochi misde to 
ol thee Wa's reportied by ldv,,ardI; et

al. ( ] 3) J ive],,inV c ison of K10ni,01 1 let (a tyVpe of eI ­p r,t+ hri.o)
Kar kill ,md :: llickm hn cr ,:-Lai uiil let 
 rod , : . T'i,' :;tid, was
conducted us : 1,Jni,.; v. ch had been ra:i'nt-ind .in the feectot for a
period of tie t1e prtodce carcases quivaCe( ent tCo ., . Choice grade.
Sensory 1-nel ri tOil we\ e obta.ind for .l.(ojI chope and ( . i rom-At ,ikeram 	 and wet her .1aint o .,0' O ah of";i the t: C (0 Liced I ol'ups. TIhe 
result.- arC ls own ill Li, 1 1-erIu . p ; as C:;pectC(1, I h. moat from 
carca; es of wether ]ieis teh t- to rc(cove llhh rat thiln meat 
f rom rain lamibs. Di f fe rI itc::;iry in -.- patine ratVlJis for the nree
breed groups were notLivst itt Lti ' significant, but such differences as
did 	 exist tended to favor tihe meat froii Laraku] la. ',"1e one general
exception to this was in juicine s which is often an e:.xpression of
intramuscuIar fat . Less inti amus cular fat wou d be expccted in meat
from fat-La ii] mina .i , iLamlambs aieC expected to [-e lane r Hhan wether 
lambs with a si milar influence on juiciness ratiigs, and this proved to 
be the case. 

Table 2. 1'ffect of Gender and Breed of 	 Lamb on Sensory Panel
Characteristics of Loin Chops and Leg Steaks of Three Types of Sheep 

Gender Breed Group

Variable Ram 1,,Ie lher 
 Ramb. Crossbred Karakul 
No. Animals 30 26 	 20 16 20 

LOIN COPS 
Tenderness* 
 5.2 5.7 5.2 5.5 5.7
Flavor 
 5. 5 9b 5.6 5.7 5.9
 
Juiciness 4.7 5.0 
 5.0 4.9 
 4.7
 
Overall
 
palatability 4 .9a 5.4 4.9 5.1 5.4
 

LEG 	STEAKS 
Tenderness 
 4.4 4.6 4.1 4.9 4.6
 
Flavor 5.4 
 5.6 5.4 
 5.4 5.6 
Juiciness 4 . 6 a 49 4.8 4.7 
 4.8
 
Overall
 

apalatability 4.5 4.9 b 4.4 4.8 4.8
 

* 	 Values represent taste panel ratings with the higher values being 

a,b 	more desirable.
Means on the saMe line with different superscripts are statistically 
different. 
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A second study (14) compared the palatability of lamb. mutton and
 
goat meat from 3 types (or breeds) of sheep and two types of goats. 
 Two
 
groups, based on age and sex combinations, were also involved; these
 
were young intact males and aged females. These groups were chosen to
depict the most typical market animals that are derived from sheep and 
goat production systems in developing countries. In general, the 
animals were not fat and they had not been fed to at-ain specific U.S. 
grades. Palatability ratings were made on loin chops and leg; steaks 
from which the e-xterjor fat had been trimmed. It should be pointed out 
that this is not the ,;tyJle o cooking in many countries where a high
level. of c0o5UOut ion of sheep or goat meal occurs. 

In the at ter studyV the meat fromi hit-taijl carcasses was not 
s1uperjor inl palat;abjlity to that from other ty1pes of shcp, and 
dif feren '. in palatability, t hooch smalI, tended to favor the cooked 
llent from Ra1IllO il ]et carcasse s. sheep wcaleat from ;as-sees was given
higher ra tin gs t iian that from goats. Surpri,;ing iy, however, the ineat 
from young (male) carcasses was not sulper ior in pa latabilitv (flavor,
juicin ess, tendt_: to from aged females. This studv involved,1n;es) that 

both f'oreign (non-U.S.) as well as domestic 
 (U. S.) sensory panels
(groups of taste-testers) and there was a tendency (in some cases 
statistically signific:t) for foreign pani ,sts assign higherr to 
palatability ratings than did domestic panelists. This Suggests that
foreign panelists are less critical regarding, the relative quality of 
shecp,'goaL mCat Lhan are domestic panclists and more acquainted with
characteristic flavors and tenderness of ovine and caprine muscle and 
fat.
 

The carcasse., involved in the latter 
study had a relatively high

lean content compared to 
the fed lambs of the earlier study. Within
 
these two studies, there does appear to 
be a tendency for the cuts from
 
the fatter animals to receive higher ratings.
 

Collectively 
these two studies do not support to any significant

degree, a claim for superiority of palatability of meat from Fat-tail 
sheep. In contrasting the two studies, there is a suggestion that if

there is a difference it may be associated with the fat rather than 
 the 
muscle component of the carcass. This would be expected since it is the
 
fat that imparts unique flavors to red meats (15). in 
this connection,

dock fat samples from che carcasses in 
the latter study were subjected
 
to fatty acid analysis. Some of these results are shown in table 3 
(16). The analyses included fatty acids ranging from C14 to C18, along
with some unidentified fatty-acid 
peaks, and total. saturated, and
 
unsaturated, fatty are
acids reported. A number of significant

differences can be 
found in these data, but the interpretation or
 
significance to be attached 
to these data is not clear. Young animals

had a lower proportion of saturated fatty acids and a hiigher le% ,, of
 
unsaturated fatty acids, but 
the reverse was definitely the case for the
 
aged animals. This trend 
is even more marked in the case of the
 
Karakul. Much of this wass due to 
the low level of C18:0 fatty acid in

the fat from young Karakuls relative to that present in 
the fat from
 
aged animals.
 

The authors of this report believe that 
these data do not provide a
 
basis or explanation 
for any marked difference in palatability or
 
accepLability of meat from fat-tail 
sheep. If this is the case, there
 
appear to be two possible e:,:planations; i.e. , (a) that such a difference
 
does not exist or (b) that the explanation is to be found in other than 
the muscle or in C:14 to C: 18 fatty acid content of the adipose tissue. 



Table 3. 
Mean values for fatty acid composition stratified according 
to age/sex and breed/specie
 

Angora Spanish Rambouillet Barbado Karakul Angora Spanish 
 Rambouillet Barbado Karakul
Fatty goats goats sheep sheep sheep goats goats 
 sheep sheep sheep
acid 
 (n=8) (n=7) (n=12) (n=11) (n=21) (n=17) (n=13 (n=13) (nl1) (n=10)
 
C14:0 3.88ab 4.43a 3.1bc 2 d
d15 .7/cd 2.67a 2.54ab 
 c c abc


C1: b bC16:0 5 267a05 0 5 3-b b 0 8 -aC15:0 2 6 .4 0 a ,a 0 5 ab 2 49 a0. 55 0 ab0.58 . 0 b 0.64 0.56ba .49. 20.5b5 2.5ab c0.46 2,
0.52
 
C16:0 3.37ab 26.74a 22.78b 19.26 21.87 b a


3 3 7 b 27.12 24.50 23.08 20 96 22.8DC16:1 . 3.67 a -4 bc ab1 2 61 3.21 : 7 a 3 7 aa ab -ab bC17:0 1.72 bbb. 6 4 b b 3.191.85 b 2.35 a 2.05aa 1.88 aa a 2 a.171 a 2.621.86 a 1.72aa 2.0.-a17:1 0.44 0.61 0 8 5 1 1 5 .50a . 7 3 a 0 . 6 6a0 0 . 4 7a 0 . 6 9 a
C18:0 25.98 
 22.44 a 20.81 a 22.45a 14.80b 28.75 a 26.76 a 27.50 30.46a 2 9 .,aC18:1 33.03 35.74 -
41.84' .4 0a
4 3 4 4 8 9 a 3.5 3 6a3 0 4 2 36.47a 

35.55C18:2 3 7 . 1 43 .4 4a 3 . 2 9a 4 . 2 5 a 3 .8Uie.00b b b 
4 . 0 6 a 0 a 2 . 0 9b 2.15b 2 . 9 9 a 1 . 9 9 b 1.65

b 
Unident.0.00 ab a a0.00 0.16 0.91 1.58 0.00 0.15 a a a a0.00 0.35 0.47
 
peak


Remain- b b b ab 25 1 1 1 1 1der 1.19 0.86 1 . 3 2 b 1.74 2.5 1.93a 1.61a 170a 
 163a 192
 

Total
 

Total 

sat. 58.53a 55.82ab 49.09b c cd da ab46.13 .6 1d b ab ab
4 2 61.30 56.24 55.13 55.64 57.11
 

Total b 
 b a a
unsat. 40.28 43.32 49.39 51.22 53.31
a b a a a ab
36.78 41.96 
 43.32 42.38 
 40.50
 

abcdMeans in the same row and for the 
same age and sex group bearing a common superscript letter
 
are not different (P<0.05).
 

http:Unident.0.00


Previous quotations or statements included earlier in this report refer
 
to the absence of a distinctive mutton odor or flavor which is often
 
found in other types of sheep. It has previously been reported by
Cramer et al. (17) that 
the mutton flavor is more prevalent in fine-wool
 
breeds which on th world market provide the primary contrast or 
alternative to the Fat-iail. The Cramer er a1. study also demonstrated 
a correlation between fineness of the wool and intensity of mutton 
flavor in the meat of lambs. Thus, there is precedent for breed 
differences in intensity of undesir'ab1le flavor. Also, in the work 
reported by Cramer et al. differene;s in the C:11; to C:18 fatty acid 
composi tion do not appear to provide a satisfactory cxp]:'nation for 
differences in nuttoi flavor iltensitv., l~.ever, n recent report by 
Wong, Johcson and Nixon (W,1d ;oe:.,:,-t 4--methly] oc t:;noic (hircinoic:) acid 
as the source of "goaty" or "mutton" odor e,: the fat: oil sheep and poat 
carcasses; these odors were detected jn the volatile compounds of cooked 
fat from these species . Also, Hornstein and Cro,,e (15) sunp gst that 
carbonv compounds presenut in the fats are the primarv source of
 
differences in odor or flavor of lamb meat. Bartholomew et. Rl1. (19) 
stateu "mutton flavor is produced by the aroma from volatile compoundsand the taste is produced by non-volatile compound;." Compounds that 
appear to be factors in producing mutton flnvor are ac tones,
 
heterocyclic volatile compounds, mercaptans, 
 organic sulfides and 9 and 
10 carbon, branched-chain acids" (Bartholomew et al. ).


Another possible explanation for a preference for the meat of the 
Fat-tail 
 types would be less fat intermingled with the carcass. 
Although the Fat-tail types might be expected to have lower 
intramuscular fat, it is difficult to visualize this as major factora 
among people which have traditionally consumed sheep fat.
 

Thus there appears to be a clearly defined need to look for
 
differences between major types of sheep in respect 
to odor or flavor of
 
the meat, especially as these may be that associated with the fat of the
 
animals.
 

Carcass Traits of Fat-Tail Compared to Other Types
 

Two studies utilizing limited numbers of animals 'have been
 
completed involving a comparison of Karakuls with other types of sheep
 
with respect to carcass traits. One of these studies has been
 
previously reported (13); it demonstrated a carcass 
fat trim of 15.4%
 
for Karakul as compared to 6.6% for the Rambouillet (see table 4). This
 
large amount of fat trim resulted in as much as 7.5% lower yield of 
wholesale cuts from Fat-tail carcasses. This fat trim was largely that 
associated with the tail as is evidenced in table 4 by amount of fat
 
trim from the leg and loin. The 
Karakul also had greater fat thi *iess
 
over the 12th 
rib than did lambs of the other two breeds, us,
 
at comparable weights, the 
total body fat of Karakuls is great han 
that for the other two types of sheep. Another unreported udy 
(figures 4 and 5) shows essentially the same results -- the Kara, has 
the large fat deposit in the tail, is fatter over the rack :imd is
 
comparable in kidney and pelvic fat, with the 
result that 20% of the
 
carcass was removed during fabrication as trimmable 
fat. O'Donovan et
 
al. (20) reported a carcass fat percentage of 33.3Z for Iranian fat-tail
 
sheep. 
 This high level of body !at is perhaps the major factor 
contributing to survival of these sheep in times of stress (for breeding

ewes), but repre.:ents a very serious waste in 
terms of carcass value in
 



those countries which do not 
have a ready market for this type of fat-


Table 4. Effect of Breed of Lamb 
on Selected Carcass Characteristics
 

Group
 
Carcass tra:i t 
 Rambo-il cet (Cro:sbrecl WOOram] SD 

No. obSlvat ion 20 16 20 
USDA yield grade 2.7 2.4 c 3.0d .63 
USDA quality grade 11.1 11.5 10.9 1.05
Dressi ng porentage 52.6 5 3 .8 C 56.1 2.94 
Carcass Jat trim (Z) 6.6 c 

6.7 15.4 2.21
frrm:ned wisle nle cuts (Z, 78.9 c . 7 (1 2.65
 
Fat rUiAm fyom leg (Z) 
 8.7c 8.1 c 32.1d
 
Fa t trim from loin (2) 9. 
 9.0 2 d 5.05 

areyea,I1_th rib (cm2 ) 14.3c 14.7 d 14.2 1.91 
Leg confOrm- tioIn score* "l. 12.7 10.5 .92Fat thicness, 12thi rib (rm) 3.2 3.1 4.4d 1.40
 

Means on tn, sajis line for gender with different superscripts arc

different (P<0.05).


c d e Means on the same line for breed with different superscripts are 

different (P<0.05).
• Coded as follows: high prime = 15, 
avg. prime = 14, et cetera.
 

Effect of Docking on Growth and Carcass Traits
 

Method of )ocking;
 

A portion of the lambs in the experimental flock were docked
while othels were left intact. The lambs were docked on the first or 
second day following birth. The method of docking consisted of placing
 
a rubber band (elastrator ring) on the tail followed by cutting the 
tail
 
at the ring 24 hours later. The lambs were given an injection oftetanus anti-toxin 
at the time The band was placed on the lamb,
although, there '.,as no rvidence of a tetanus problem using this docking
procedure. Fat-tail lambs have a 
thick tail at birth which grows
rapidly, and thus it is important that docking be don 2 early, as the
nursing lamb deposits fat rapidly. Docking the lambs close to the tail 
setting reduces the fat deposition in the tail.
 

Death losses and the relative growth rates 
 of the docked vs 
undocked lambs are 
shown in nabie 5. Differences between years, sex and 
type of birth were statistically significant. D)ifferences in growth
rate between lambs which were decked and those that 
were not docked were
 
not significant, but when differerces existed, they favored the docked 
lambs. Other researchers (21) have reported slower growth rates for
docked animals. In this study, docked lambs had a higher death loss;
although this difference was not significant, further research on this 
point seems warranted.
 

One trial has been completed in this series of studies comparing
the carcass merit of docked vs non-docked animrils (Table 6), and other 
similar studies can be found in the literature. From data presented
earlier (figures 4 and 5) it can be seen that up to 202 of the weight of 
the carcass oi fed fat-tail, animals was as tria mible fat-. Because a 
large portion of this fat trim was 
from the tail, it seemed pertinent to
 
determine the effect of docking on amount of fat trim. As shown 
in
 



figure 4, docking markedly reduced the tail or 
dock fat trfm from 6.5,

to 1.7, perient o' the- carcass. This reduced the overall fat-trim in
the carcass by five percent. In 
the latter study, docki'ig did not

increase the thickness of the external fat cover and orly, a marginal
increased kidney and pelvic fat content. Ii another study, conducted by
Joubert and Ueckermann (22), the docked animals showed a slight, but
non-significant, increase in kidney and pelvic fat, but no increase inexternal fat cover thickness. Other studies (20 and 23) have shown an
increase in subcutaneous and nternal (kidney/pelvic) fat deposit:.cn, 
but such increase was nct sufficient to compen'iate for the total
reduction of fat in the tail. Sefidbakht and Ghorban (24) reported 16%
separable fat of docked animals as compared to 271 for non-docked
controls; these data suggest a reduced total fat deposition in docked
animals. This should be advantageous to carcass value in all cases 
except potential market outlets where the price received for fat is
equal to that of the carcass. Other work (25) has shown a tc.idency for
increased intramuscular fat deposition of thc loin in docked animals 
(i.e., 4.5% for docked vs. 4.1Z for undocked animals). 

Table 5. Least Square Means for Weaning Weight (kg) and Lamb Survival 
by Treatment Groups
 

Type Lamb
Year Type of Birth Sex 
 of Wean Survival 

Tail Wt. % 
b 

- 29.4
1981 

a
1982 - 30..9b Single - 34.7 Male - 34.8 a Docked - 33.4 84.3
 

- 25.0 
c
 

1983 

a
1984 - Twin ­39.6 28.1b Female-31.5 b Undocked- 33.0 
 90.7
 

.4a
1985 - 3 9
 

Epstein (21) reports a total body fat content of undocked Awassi

lambs at 14.0%, compared to 12.4% 
for docked lambs. These values are of
 
interest in that this researcher reports 
much lower fat percentages.

This could potentially relate to the breed used, but much more 
likely is

explained by lower slaughter weights (approximately 27 kg as compared to

50+ kg 
in the Texas s:udy). Observations indicate that fat stores
 
increase, both in actual terms and 
as a percentage as the 
animal
 
matures. This is 
true for all types of sheep, but much more so for the
 
fat-tail types.
 

Table 6. Comparison of Rambouillet and Docked vs Non-Docked Karakuls
 
with Respect to Certain Carcass Traits
 

Karakul
 
Trait 
 Rambouiilet Docked 
 Non-docked
 

Dressing Percentage 54.03a 56.73b 57.13b 

Cooler shrink, % 6.23 
 6.4 7.35

Fat thickness, 12th rib, inches 
 .15 .24 
 .27
 
Ribeyc area (sq. in) 2.20 
 2.24 2.03
 
Total fat, % 
 9.0 0a 15 .5 3b 19.76
 
Rack fat, % 
 0.68 1.14 
 1.11
 
Dock fat, % 
 0 .2 5a 1 6 8b 6.49
 
Kidney/pelvic fat, % 
 4.44 4.34 
 4.00
 

http:Female-31.5b
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FIGURE 4. 	COMPARISON OF PERCENTAGES OF RACK FAT, KIDNEY/PELVIC FAT AND
 
DOCK FAT AMONG NON-DOCKED AND DOCKED KARAKULIS AND RAMBOUILLET
 
SHEEP
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FIGURE 5. COMPARISON OF DRESSING PERCENTAGE AND TOTAL FAT TRIM PERCENTAGE 
AMONG NON-DOCKED AND DOCKED KARAKUL AND RAMBOUILLET SHEEP 
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What is the Significance or 
Explanation for the Accumulation of Fat in
 
the Tail?
 

A phylogenetic explanation for the accumulation of fat in the tail
 
must hold theoretical, as well as practical, interest. Iost fat-tail
 
sheep are located in 
arid regions which are subject to extended periods

of feed shortage. In addition, such 
sheep tend to be concentrated in 
areas subject to great variation in body temperature between night and 
day or between seasons. Few fat-tail sheep are found in humid or 
tropical climates. This is generally explained in that animals in 
tropical environments do not need large deposits of fat, and climatic 
conditions do riot encourage deposition of fat (i.e., total feed 
intake 
is reduced under conditions cf high temperature stress). It has also 
been suggested that fat-tail animals suffer in humid environments 
because the skin covered by the 
tail flap does not dry out -- resulting
 
in unsanitary or necrotic conditions.
 

In the simplest terms, an accumulation of fat in the tail must
 
result from natural or artificial (that imposed by man) selection.
 
There 
is actually a tendency for accumulation of fat in the posterior

region in many breeds or 
species. For instonce, there are several
 
breeds of sheep characterized by deposition of fat around the rump.
Thus, fat-tail sheep differ from other types of sheep only in the degree
and specific location of their fat deposition. If man has actually
selected for the fat tail it may be hypothesized that, (a) such animals 
were thought to be more adaptable or productive, (b) the meat of this 
type was preferred. or (c) in earlier periods, the fat of 
the sheep was
 
needed for cooking, seasoning or for use in preservation of other food
 
products. This use might be comparable to that made of pork fat by farm
 
families in the U.S. in earlier years. 
 A quotation cited earlier that
 
the tail fat was "the butter of Central Asia, and is ideal for cooking

purposes" emphasizes 
this point. There is an important distinction in
 
that these sheep evolved and were used in 
the Middle East over thousands
 
of years. In an arid or desert environment, animal fat (from sheep)

could be collected much more easily if it was concentrated at one place

in or on the body. The authors of this report are of the opinion that
 
this is 
the most likely explanation for selection/propagation of sheep

with this unique accumulation of fat. 
 With the widespread availability

and use of vegetable oils and changes in dietary habits, 
the fat tail is
 
no longer in 
great demand and in many markets it is removed from the
 
carcass before delivery to retail outlets. In some cases, it has almost
 
no value or is used for industrial purposes at very low prices. Thus,
 
heavy fat accumulation constitutes considerable loss or waste with up to
 
1/3 of the world's population involved. Many carcasses 
which are
 
exported to the Middle Eastern market have 
the fat tail removed before
 
shipment suggesting some resistance to the excess fat present there. In
 
this case, however, the buyer can still identify the carcass as being of
 
fat-tail origin.
 

On the other hand, if natural selection is the primary mechanism
 
for the accumulation of fat in the tail, an explanation for the adaptive
 
advantages must hold interest. 
 The most common explanation is that the
 
fat in the tail is necessary for the sheep to survive at times of feed
 
scarcity during 
dry or cold periods. However, this is a very
superficial explanation and thehas a measuire of validity only if 
accumulation 
of fat in the tail has advantages (in terms of speed or
 
ease of catabolism) over fat placed at other sites on the body. This
 



has not been shown to be the case. Other potential sites for fat 
deposition are internal (kidney and pelvic 	 region), subcutaneous, 
intermuscular and intramuscular. It could be theorized that presence of 
large amounts of internal fat interfere with the ability of the animal 
to consume large omounts of feed when it is available, or that
subcutaneous fat would interfere with heat dissipation at times of heat 
stress. Both of these could possibly be true at some time or some 
place, but are these factors adequate to overcome the interference of 
the tail with reproduction under natural mating conditions or to take 
precedence over natural selection? A series of investigations (26) was 
carried out to compare Karakul with other sheep in terms of their 
response to heat stress, and to compare docked vs undocked animals. It 
might be expected that docking results in an increase in subcutaneous 
fat, and thus this comparison should provide some information on the 
question of tzil fat deposition as a factor in dealing with heat stress. 
These data are shown in table 7, 8 and 9. 

In summary, the Karakul sheep were less affected by temperature 
stress than Rambouil]let, but were more stressed than meat-type
(non-fiber producing,) goats. In ger'cral, there ,,as little difference 
between 	 docked and undocked animals; however, in three of the four cases 
such differences as did cxist favored the docked animals. Juma, Gharib 
and Eliya (27) found that docked fat-tail rams maintained significantly
lower rectal t .mperatures and respiratory rates controlthan animals 
(not docked). Also, Juma and Dessouky (28) found that docking improved 
semen quality of rams. These studies do not support the theory that the 
accumulation of fat in the tail is beneficial to the animal in dealing
with heat stress, and strongly indicate the reverse -- that docking is 
beneficial.
 

Table 7. Least Square Means for Body Temperature and Respiratory Rate 
of Rambouillet and Karakul Ewes
 

Rectal
 
Respiration Temperature
 

rate 
 OF
 

Breed: 	 Karakul 
 151. a 103.0
 
Rambouillet 161.3 b 103.2
 

Fleece: 	Wooled 
 1 4 2 .1a 103.0
 
Shorn 
 1 70 .5b 	 103.2
 

Tail: 	 Docked 150.0 103.0
 
Not Docked 152.7 103.1
 

Another 	suggested potential advantage 
for accumulation of fat in
 
the tail Is that a reduced internal fat storage would permit greater

feed intake if intake became a critical factor. This would more likely 
be critical for the pregnant ewe, particularly for those carrying twins. 
Also, docking the ewe could theoretically increase the internal 
(kidney/pelvic) fat deposition 
(24). An experiment was conducted in
 
which ewes of three breeds (Rambouillet, Karakul 
and Finnish Landrace),

in late pregnancy, were provided ad libitum feeding of a mixed and 
pelleted ration. 
 The Karakul group contained docked and undocked 
ewes.
 
The ewes were kept 
on feed for a period of time after lambing to
 



Table 8. Least square means 
for respiration rate and body temperature measurements for five types

of male small ruminants
 

Barbados 

Meat-Type
Rambouillet Blackbelly 
 Docked Karakul Fat-tail Goat
 

rams
rams rams Karakul rams Males
 

n=10 1,2 n=10 
 n=10 
 n=10 
 n=10
 

Rectal
 
Temperature 


10 4 .5±0 .1 2ab 1 0 4 .3±0.1 2ab 

10 4.±0.12
(FO)
 

Respiration
 
Breaths/min. 
 200.5±4.9 6a 167.4±5.09 
 14 8 .2±5.0 2c 143.6±4.96c 1169495
 

1Le
 
2 Leastsquare means with different superscripts in a row differ by (P<.05).
Four observations per animal
 

http:167.4�5.09
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Table 9.. Least square means 
for respiration rate and body temperature measurements for six types
of female small ruminants
 

Docked Karakul 
ewe lambs 

Fat-tail 
Karakul ewe 

lambs 

Docked Karakul 
ewes 

Fat-tail 

Karakul ewes 

Barbados 
Blackbelly 

ewes 
Spanish 
does 

n=5 n=5 n=6 n=6 n=5 n=7 

Rectal 
temperature 

(FO) 

104.66±0. 104.65±0.11 103.94±0.09 103.58±0.08c 103.44±0.09' 103.18±0.08 

Respiration 
rate 

ab 
173.15±5.81 

a 
180.29t5.46 

d 
141.72±4.35 

dc 
149.47±4.60 

b 
161.73±4.86' 

b 
144.29±7.54 

1Le 
2 Least square means with different superscripts differ by (P<.05).12 observations per animal 



coincide with the early stage of lactation. Some of the results of that
 
trial are shown in tables 10 and 11 and are expressed as total daily
intake in grams and as a percentage of body weight. All data for ewes 
which produced more than two lambs were deleted from the data-set, 
because of marked breed differences in litter size. For instance, none 
of the Karakuls dropped more atethan two lambs. As expected, ewes 
significantly 
more feed after lambing; this is probably more an 
expression of need than of body capacity. Also, ewes with twin lambs 
ate more feed than did tho.;e WithI singles. This was much more marked 
after lamnbing than before. There is a distinct tendency for Karakul 
ewes carrying twin lambs to eat less feed before lambing. Breeds 
differed significantly iron ech other Lin total feed intake before 
lambing, but when feed intake was expressMcd as a function of body weight
only the Rambouiliets, wh ich had lower intake, differed from other 
breeds. After lambing, Rambouiliet ewes differed significantly from 
oth2r breeds in both total feed intake and feed intake as a function of 
body weight. These data suggest that Karakuls have a higher level of 
feed intake, but the only marked difference is between Karakul and the 
Rambouillet when feed intake is expressed relative to body weight. It 
is known from other studies that Karakuls have a higher body fat 
content ; thus , intakefeed relative to physiological needs for 
maintenance would be more for the Karakuls.
 

Some of the K.1rak] e.,es us:ed in the latter 
study were docked and 
some were undocked. Compara tive feed 
intake data contrasting these two
 
groups are shown in table 12. The differences associated with gestation
 
vs lactation and single vs twin births are similar to those evident in 
tables 10 and 
I I. Docked ewes consumed less feed, but the differences
 
were not significant. A justifica tion or explanation for this 
 greater
intake re? artes to possible greater internal (kidney/pelvic) fat 
deposition. Evidence supporting this point is variable (20, 22, 24). 

Table 10. Total Feed Intake (grams per head per day) by Breed
 
Finnish Karakul R.mbouille t
 
Landrace
 

Before Lambing
 
Single 2178 2775 
 2621
 
Twins 
 2278 2537 
 2629
 

After Lambing
 
Single 3352 3743 
 3470
 
Twins 
 4532 4159 
 4432
 

Table 11. Ratio of Feed Intake to Body Weight by Breed and, Number 
of
 
Lambs
 

Finnish Karakul Rambouillet
 
Landi ace
 

SingleBefore Lambing b c a
.040a
abc .049 b
a .037a
 a
 
Twins 
 .043 .041 
 .036
 

A.fter Lambing 
 b
 
Single 
 .0 6 1bc .065 
 .05 4a
 
Twins 


0 7 0abc .069 .063
 



Table 12. Total Feed Intake (grams per head per day) for Docked anJ
 

Undocked Karakul Ewes Pre- and Post-Lambing Relative to
 

Number of Lambs Born
 

Pre-Lambing 
 Post-Lambing 
 Overall
 

All ewes 266t.9 3670.7 
 3292.4
 
Docked ewes 
 2526.7 
 3659.4 3234.6
 
Undocked ewes 
 2786.5 3749.4 3388.3
 
Single births 2781.2 
 3506.6 3195.7

Twin births 
 2484.8 
 3934.6 
 3313.3
 

1 Differences between pro-- and post-lambing periods are statistically
sigiificant; other difffere:'ces arL not significant. 
 Not all comparisons
 
are Completelv orthngonal since date of lambing and number of ewes

carrying twin fetuses could not be controlled. Data are included from a 
total, of 2? ewes; 

The Relatinn of 
the Fat-Tall to Adaptation to Arid Environmcnts
 

it has been previously stated that this type of animal tends to be 
adapted to, 
 oc at least located in, arid regions, and, morespecifically, to arid regions subjected to wide ranges in temperature
where both heat or cold stress may be encountered. Limited data have

been pre sented whiich; suggest that such sheep handle hot weather better
than do Muri o types. Sincr fait-tai1 sheep 7ould spend much of their
time in environments with high'iradiant heat loads with little access to
shade, it seems likely 
that tMir coarse fleece would benefit the animal
in both hot and cold climates. The data presented earlier in tables 8
 
and 9 were collected with black animals whereas 
lighter-colored animals
 
may have actually had a greater advantage with respect to radiant heat 
load. 
 There is at least a theoretical basis for the belief that drrk­
colored animals would have an advantage in cold seasons (29). It was
suggested earlier that the Fat-tail types of shecp do not possess any
unique adaptations to humid environments. One of the suggested 
reasons

for lack of adaptiveness to humid environments could be overcome by
docking, and thus -- if they are to 
be produced in tropical ervironments
 
-- they should be docked.
 

Carcass studies have shown that 
one difference between Fat-tail and
other types of sheep, with which they have been compared, is a high
level of total body fat contento It is suggested that this is the 
reason 
for their unique adaption to long periods of nutritional streq.

The foct that they almost universally produce sinvle larbs also probably

contributes 
to ewe and lamb survival under conditions of nutritional 
stress, and contributes to the use of the ewes fcr partial milking
following limited suckling or early weaning.


The high level of body fat could simply result from a higher
metabolic priority for fat deposition as contrasted to other body
functions -- including reproduction. However, limited data suggest an 
additional or alternative epi anation. Pata presented i, tables 10 and
11 suggest a higher level of fed intake by the Karakul when given ad
libitum access to feed. An additional study (30) which more directly
addresses this point is summarized in table 1.3.
 



Table 13. Comparative levels of Feed Intake of Barbados Blackbelly (a
tropically adapted hair-heep) , Karakul and Rambouillet Sheep 

_Bre eds
Crite ricn Barbados Kikt 1 Ra 1!b)iiii I et 

Blackbeel-1v
No. of Anipi ]i - 1(O --

_ _0 10
 
IT a 1) 10
Live wt. kg 32.5 57.0 59.2b
 

Live wt., kg. 75" 
 3 13.6 20.7 21.3Intake, kg/dayg/day/FeedFeed *1inta:ke, 7 5 II ' 88al 44 b 2 3'8

Feed ii tak, /w1.8 109.11 a 4
166.0 149.5 bEnegy IKctl Keall, DE/day/w b 3. bb308.0 468.5 b 22. 

1 Means in the same row with different letters are significantly 

2 different (P ".05)753 Live wejiglt . kg. approximates the animals metabolic body size
 
As fed bAs
 

The di ifereuces in feed intnke reported In table 13 ire statistcal2iy

signif i call(: oilly when contra;t: ilg the I:[iir-sheep with the otlerl twO
 
type . howeverS , ti era ev
.; ;trong idence of ;idi:fareiie in feed intake

betwcen the <;n'bouil et aid Ka-raku l "id there is a ned 
 to further
investigate this L poiltpoint. th; is va]l cafed with further
 
reEarch, 
 it will help cx.lainthe unique relationship of this type of

sheep to si)arse foed coditions; in that a high level of 
 feed intake aid
 
a high level of fat deposi tion at times 
 when feed is available
contribute to survi N,a I !ld pxIOduetL vi ty in t I.' s o 1 t re ss . There 
appears to be a la-r[,,e dijforence between the tropically adapted animal
 
and the fat-tail shee in thit; respect-.


It has been 5'nliT(,ested 
 (table 6) that docking results in a reduced

total fat deposition, 
 and thn.s tai.s could result in reduced adaptation

to periods of nutritolon< ,s;ress. 
 The lim-L..cuavailable data, shown in
tables 1 ."Hid 5, do not show an adverse effect of docking on animal

performance. However, the conditions under which these data were
 
collected were not extreme and there is need to test their response 
under more extreme conditions.
 

The above stated theories provide a notential explanation for. the 
superior adaptation of fat-tail sheep, to arid environments, but do not

provide an ex.planation for the accumulation of fat in the 
 tail. Some
 
potentjall biological 
 advantages to this localizauion of the fat wassuggested earlier, but the contribution of these factors would not 
appear adequate to overcome the withinterference reproduction. This
 
still. suggests chat has
man selected for this unique accumulation of 
fat, but at 
the present this remains largely conjecture.
 

Crossbr.eeding with Fat-Tail Sheep 

Under commercial conditions where 
they are produced, crossbreeding

is very rarely practiced with the fat-tail sheep. 
 Yet, there would
 
appear to be very real advantages trom crossbreeding. Assuming that the

indigenous; Fat-tail types have some adaptive advantages in the regions
where they are produced, they are then well suited to the role of dama
line or clam breed. It may very well be questioned if there are

alternative types which could 
serve this role. However, as pointed out
 

'1 



in other sections this report, there is considerab]e waste associated 
with the fat tail at the market place.


Few crossbreelding studies have been reported involving fat-tail
sheep, and still fewe r of these reports Coinitan carccnss data. For
instance, Mavrocngeis and Louca (31) reported increased warnhylg we:ights
in crosses of Cyprus fat-tailed, Chios and A,assi sheep. Makcrechian,
Farid and Sefi~dbakht (9) reported that iambs sired by either Corriedale

Jarphee , out of Lhrc,.! difreuncor breeds of Irani an fat-tail ewes
(Karaihl, Miehr;rihnn nd baM!Ii), gre' faster than did purebreds of any of
th se breeds. Fo:.:, Clc-ie- i and Chabaar, (32) succe,:; ul[v increased
 
lambing 
ra te: over Awa,ssi controls by erossing with hle Chios. One

study i.n the curl-eill : scrie' (33) involved groi.,th and carca s t:raits of 
docked 1/2 IMA111 iiM (1 i k ,i: lineu,oui] rt) li ns (iompar:isonwith a
number of . r trevhi (nee tibl 14 and figure 7). larakul-s i red lambs 
tended to have a slower ,r(:Lh rate han, ill others with which they were
 
com. Nred c-cept for the ]Bar ba dos Areldcwl.y. In respect to carcass

traits, lambs ,ird by ]at-I ii rams hlr a Iijher ressing percentage

(59.0Z coImpa:red to 54.7 for rinihoull 1et). T':i,, no ioebt derived from
tie fact tiat they wee tatter; thi ' cvinced by their greater fat
thickness over L( loin a11d )atter hek wrill thic1-nes_,, however, they
cui o: he,. increaed amourntot Nn A ednv,ad pelvie fit. T he fat triml 
from 
the t-nil and dock wan !.937 for the -K;i hu a:; comp;Jared to 0.63 , 

The g crcastfor the la, bouei ,i_l i. avera: s w.igt t the iarnkuls in this
 
study ,.as 24.1 kg roetdi- in a 0.47 km of fat crim from the tail. The
 
necessuy of trimming, thi amoat omi the carcass il order to move to 
retail ci:annels would 
no doubt he dependent on the mar'ket. However,
these data suggest that the combin,ed practices of crossbreeding and 
docking largely eliinate the wastiness of inc a ,LailLypes.pure, cL- l
However, it shtdd be pointed out that tim,.se docl-ed crossbred animals 
are 
no doubt fatter than finewool or hlackface crossbred types.
 

Table 14. Comparison of Growth and Carcass Data for Karakul Cross Lambs Compared 
to Other Types
 

Rate Fat 
of Dressing Thick- Body Wall %K-P % Tail Fat 

Gain (%) ness Thickness fat Fa 'Trim Firmness2 

(g) (am) (Dim)
Rambouillet 
 251 54.7 .174 1.99 4.43 0.63 
 3.36
 
Suffolk & Hampshire
 

X Rambouillet 254 56.8 .231 2.33 3.57 0.67 
 3.89
Karakul X Ramb. 
 237 59.0 .320 2.64 4.35 
 1.93 3.08
 
Barbados Blackbelly
 

X Rambouillet 179 55.7 .245 2.22 6.17 0.95 3.94
 

2 Dressing percent after approximately 18 hours shrink
Scores assigned on 
i-5 basis with the higher values being more white and firm.
 

Summary and Conclusions
 

Fat-tail sheep are thought to make up as much as 
1/3 of v orld's
 
sheep population, and are almost certainly the most import, of allsheep in terms of the contribution they make to meeting man':. ,,,od for
food and fiber. :;t of thie beloging to this genetal group are 
triple-purpose animals producing meat, milk and fiber. This type ofsheep is also important in respect to world trade in sheep meat since 

L/
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6A 6B 6C 6D 6E 6F 

Figure 6 A-F. Example carcasses of various breeds and 
crosses
 
6A - Karakul carcass
 

6B - Docked Karakul (this 
carcass was derived from a di fferent experimental group)
 
6C -Trimmed fat-tail carcass (this is the 
form in which many carcasses are marketed)
 
6D -Karakul X Rambouillet Crossbret
 
6E -Docked Karakul X Rambouillet Crossbred
 
6F Rambouillet Carcass
 



some of the major importing countries (in the Near East and Persian
Gulf) are located in areasn w-, re consumer1s are accius tomed to c-nlling
the meat fron Fat-tail types. Likeiv.ise, and per-haps ;is a res;ult of
close proximity to tihe above markets, some ma]i:, exporting countries 
(i.e., 'Turkey) produce this type of sheep,

Fa t-tni sheep tend to he conmee1trated in m id regions., aild more
specifically in .rid re:,,upni,: Yhich ale also ,jnubj t -eW: varirat ions
in temperature. SCL-:;L td heuI2.,p to el3uncnti .diJ thlle tiddle EaSt
and NorthI AfriJc;, it t t:hi ,t_!:o iiihabit pats of AUtRi, and Asia. They
are seldom found] in haid or tr-pican.] as. I1me y ai .bTi 0ulIS adap ted 
t:o arid reion: , butt thev are nott total lY unique In t.ls ,pect am goats
and sone tsyl;es of t1l n-tail siletp c,,n hibe f nd intieri :iled with the
FaIt-taul1. tyl e.. In :ddit(iti to the fat tail and ;nIy un::ique adaptive
Icivant g);,s, t o sheep 1io prillce carpet wool rlr poner.illy have low 
t'inning'r ,e; however hq,, have high sur vl 1 Ls for both lmbs 

1-:);Ali e 1:1:,( I on [itie UIoJtre dantnitq-u of theseCe ani'lls, and to
th.: fat-tail tra it ::t'sv hold practical as w,,. Nnattheoretlt'al interest.
 
Our research indicates chat, under com-pae con e.;,
it ithese animals 
nave markedly ligher total hdv t CIonuent than oLin-rn witlh which they
have been compaicd, and ht A is thiq total hodY fat, raLler than its 
unique location in the W1, that uon' tuhnes to Lhe anira:l survival in
times of feud scarcitv. Ti's hil ,v fat content: no doubt derives in 
part from a high t nel ic i,,rit v f : at: deposition. Also, data 
presented in this report ,c-,tUqgiQ,. tihr this type of animal may have theability o consume at larger amount of forage than do other types of
sheep when forage is avilabae, and thus this cint- ite- to fat 
s torage. 

Vhlt:t.is che explanation for the unique locali-at ion it in the
tail? This pattern of fat distribution may b exp.l n d as beoing due to
artificial (imposed by man) selection or natural selection. The authors
of this repoit suggest that the former is the case, but this renains 
conjecture at the present t:ime. If this is the case, man likely
selected for this pattern of fat deposition in order that it could be
removed and used for cooking, seasoning, preservation, etc. On the
other Land, if natural selection is the explanation, it might be
 
theorized that this pattern of fat 
 deposition contributes to improved

heat adaptation by reducing subcutaneous fat deposition or increased
 
feed intake through reduced internal (kidney/pelvic) fat deposition,.
These points have been investigated in the present study. It can be 
shown that the Fat-tail typeo are less stressed in direct suniight than
other types of sheep with which they were compared (i.e., Rambouillet).

Since 
 docking of the animal results in a redistribution of some of the
body's f-t it might be expected that decked animals would lessbe heat­
tolerant. In this study, and others, docked Fat-tail types have been
compared in respect to their reponse to direct sunlight. The
 
conclusion 
 from these stud:ies are that docked animals are actually
cooler. Thiis tends to rule out improved thermongulation as a result of 
reduced subcutaneous fat deposition as a potential explanation for the
existence of the fat tail. In these studies, the Fat-tail types appear
to have high levels of feed intake and the non-docked animals appeared
to have higher levels of intake than docked animals. Thus, this 
potential. expl an ation would appear to have more validity.

The fat tail, at least on the ewe, his a number of potential
implications with respect to reproduction. It is generally recognized 



that producers of this type of sheep utilize a higher ran to ewe ratio
and that more mat ure ramsv are required. Also, i.t is not unusual to
practice artift cial inser.i ntion or Lo aissist trhe rams in hint:ig. The
iil)pedimlien ts to il It 1 , ca1 be reilloved by doclYJllg of the ewe lambs or by
cin,]; tn :lc , i:.itvi-. DLi g;ilera ted J,n hi sertie o studies 
8 ug,""(2 a 1I1 .he1 p CceOI:;LIIA of w s.:;[inhIn) and a i her !mbiI I, rate if
tit~e fat t ii
pe-rnhtt 1in}, ero,,'

j.'; r 
,, is 

d(I
to 

li.; wouildi alsoaIodmst beioitt tW01 ry byrir :'; of unitler brteed1. '[hus, a number of 

pote i i ]t , iV i t I eIi Lii t e2) roduct: ion Can 1be eai].zed byre1IOVi thlt IH i1 J'1 i C;I to do e quite effecciv JV by docking. in
li-1mited :t1 di. ill Li I ; '( ': I , , I ii docked ewes (Iid nlot st if r any
(I:i sIadvi ItI t', : oee, a 1 t iIe o inti (Iiot , 1)11 t this ilec d s I.o ),e tes t ed 
I 1t1 L II. IIi dt I (),) (d vI .' t . 1 ( I .. 

U-I j;-!- II LIe ,ii]u I, ! (' I I .' r :I I tie F' It - t. 'Ipc . it has been 
sho .n tli : 11t 1 I. () o t 1c c ; I I. x- I'hit- s t: 1) : remove d as; fat 
i- t 1 ( I 11(1 ii Of ic-r,',-,I, i i le loi t 0 FatC-talil1 

types', j"C,1)1-"1 1u,.I ,-p 01- t. ions oi )ody f t in I the ir fat is more 
un i 1i h lii i" 11,111 in, tit Thilim 

of the Ca11'1uI,Ie reditot h,, ( .i 


i -)i ,tl ''. ibis waTthise, 

-, 
.) -in by. crei ch;!hree :iii Tie d th:1es;


two )rj- : L ti (,: c or iil cci: 1;) i i;it( t 11' ' ce.; lie t- depo it :.;J@ at
 
this: ana tomii c I ;, Ii,, i tnd 
 ct ilt i i] ).
 

Crossl) 1 d("" r
i , t11 , ; t I I: IItwL5 liIcIu ,:1l; '(-c frow tIII rj-,7c d 
r;ate lid, poai t : l tn dI, i , im)-hI I ; Cc,!-. i t :t er a maV); ] 1

be advantae, o-us (I.u)t I 1!, O 1 CII 

not
 
1.1 iia (tot'Inl t : , P I-tLCu.irIy


reference t-o Ilar e clli I i 


Si pih with 
eti- I g lfoi lri cil ilipt 11)1.


There is a widespread 
 bel of th:it th iiciat froi faL:--tail sheep has 
better eating qi-i t ies than t at from oi:hILrpart~iic!-irbv thi:ec f tile Mrik,-na tyips. type o sheep,S]tu.dies includccI inl this report 
dcc not coII IrL 1 is Palathiity- raton,(s of chopF and roasts £roni l lean 
or triimnied cut:s ,o io t sIlow a sign f-icant or consistent differ-.nce 
between breed grofp.s,. it is sugc,ested thei t tile re may well be a
palatability dI f fe r-,ce tiat is associated wih tat per se in;isluch as
the distinctive f l.-vor and aroma of ineats, e.p c,cl i y I or sheep meats,
associated VitI Volatile compounds inherent orto, stored in, the fat of
adipose tqsues. The possibility of breed differences in this respect 
warrants further study.

These data suggest that, collectively, there are opportunities to
make very mairked improvement in the productivity of up "o 1/3 of the
world's he 1) popu :ations. These improvements can lie made -chrough
improved reproductive rates, impToved growth rates and improved carcass 
values from reducing waste associated with excessove fat trim. When
tieated additively these could very well result in more than a 30%
improvement in total productivity/pro fitcbi.lity of the sheep enterprise. 
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