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SUMMARY: Post-mortem examinations were conducted on 950 dead and terminally ill sheep 
during assembly for export and during transport by sea from Fremantle, Western Australia 
to various Middle East ports. Causes of death were grouped into 5 major categories; inanition 
(deaths associated with reduced feed intake, including hypocalcaemia and 
hypomagnesaemia), salmonellosis (enteric and septicaemic), trauma, diseases associated 
with excessive feed intake (lactic acidosis and enterotoxaemia) and miscellaneous diseases 
(mostly of farm origin). 

During assembly the causes of death were salmonellosis 53.4%, miscellaneous diseases 
23.8%, trauma l2.6%, inanition 10.29'0, acidosis 3.9%, enterotoxaemia 3.4% and no diagnosis 
was made in 3.4%. During shipping the causes of death in defined populations of sheep 
in 5 voyages were; inanition 43.49'0, salmonellosis 20.2%, trauma lO.6%, miscellaneous 
diseases 5.9%, enterotoxaemia 1.0% and no diagnosis was made in 19.0%. 

The range of mortality rates per 10,000 sheep at risk for the first 11 days at sea in 5 
voyages were inanition 52.6 to 76.7, salmonellosis 7.8 to 109.8, trauma 2.1 to 17.1, 
miscellaneous diseases 5.9 to 17.1 and enterotoxaemia nil to 10.3. 
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Introduction 
Although there have been many veterinary investigations 

conducted on board ships carrying live sheep from Australia 
to Singapore and the Middle East, there are few reports in 
the scientific literature. The investigations of Gardiner and 
Craig (1970) were carried out in 1961, when sheep were largely 
housed below decks, ventilation was poor, and hay was fed 
during the voyage. In the mid-1970s two major changes took 
place. New ships (mainly converted oil tankers) entering the 
industry were equipped specifically to house sheep. They had 
forced ventilation systems and pelleted feed was introduced 
in lieu of hay. Sheep were therefore subjected to a more 
comfortable journey on a diet that supplied more energy and 
protein than previously. Consequently annual mortality during 
shipping declined from approximately 4% in the early 1970s 
to approximately 2% in the late 1970s and early 1980s. There 
have been no major changes to the export management system 
since then, and annual mortality rates have fluctuated slightly 
around 2%. 

In 1986 there were 18 ships involved in the export of live 
sheep from Western Australia; in 94 voyages 3.5 million sheep 
were transported to Singapore and the Middle East (Norris 
and Richards 1989). The mortality during shipping (including 
deaths during discharge) was 2.19%; that is, approximately 
76,000 sheep died before they reached their destination. 

This investigation was undertaken to establish the cause of 
death during the assembly and shipping phases of export. The 
primary objective was to establish cause specific mortality 
profiles for sheep exported to the Middle East on vessels 
controlled by two export companies and at two different times 
of the year. 

Materials and methods 
Animals 

For the feedlot study all dead and terminally ill sheepfrom 
5 metropolitan feedlots were collected each day for 5 consec- 
utive days during February and May 1984 and March and 
July 1985. During 6 voyages to the Middle East dead and 
terminally ill sheep were necropsied on board ship. During 
the first voyage, in April-May 1985, sick and freshly dead 
sheep were selected from the entire consignment of 68,002 
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during the first 13 days en route from Fremantle to Libya. 
For voyages 2 to 6 all dead sheep from a predetermined cohort 
were necropsied on board ship. 

Each cohort was identified on receival at the feedlot, the 
farm of origin was indicated by coded eartags and all sheep 
in the cohort were loaded onto one deck of the ship. These 
and other details for voyages 2 to 6 are summarised in Table 
1. A detailed necropsy was conducted on all dead and seriously 
ill sheep from the cohort during the voyage. Control sheep 
(voyages 3, 5 and 6) were selected in the feedlot (up to 4 
sheep per line), from those that had readily adapted to the 
pelleted diet, and identified with special ear tags. They were 
then mixed with the rest of the project sheep. On board ship 
2 control sheep were selected each day for euthanasia and 
necropsy. 

All sheep involved in the study were Merino wethers aged 
between 2 and 6 years. 

Necropsy Procedures 
All sheep were necropsied as soon after death as possible. 

Terminally ill sheep were examined clinically, blood samples 
taken into lithium heparin and euthanasia performed with 
intravenous sodium pentabarbitone. At each necropsy, in ad- 
dition to a thorough search and documentation of all gross 
lesions, the weight of the carcase, greater omentum, posterior 
belly of the right biceps femoris muscle, femur, liver, rume- 
noreticulum contents and abomasal contents were collected. 
The rumenoreticulum contents were filtered through nylon 
mesh and the weight of the solid fraction recorded. Both 
adrenal glands were collected and either weighed fresh (feedlot 
sheep) or stored in 10% buffered formalin and the combined 
weight recorded when the samples returned to Australia. Mul- 
tiple pH strips* were -used to measure rumen and abomasal 
pH in freshly dead sheep. Urine reagent stripst were used to 
estimate urine specific gravity, pH, protein, glucose, aceto- 
acetic acid, bilirubin, blood, nitrite and urobilinogen in those 
cases where the necropsy was performed within 2 hours of 
death. 

The oral cavity, nasal turbinates, pharynx, tonsils, trachea 
and oesophagus were examined for gross lesions. The thoracic 
organs in particular, were examined for the presence or absence 
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TABLE 1 
Date, duration of the mortality survey, destination, cohort size, 
number of farms (sources) from which the cohorts were drawn 

and the total number of sheep consigned for voyages 2-6 

Observation Voyage number  
2 3 4 5 

~~ ~ 

Date (monthlyear) 11/85 

Duration (days) 19 
Cohort size 9540 
Number of sources 35 
Consignment size 82,966 
Vessel A 
Destination Oman 

UAE* 
Saudi + 
Kuwait 

~~ 

5186 

1 1  
7990 
30 

67,193 
B 

Qatar 
UAE' 

~~ 

7186 11186 

17 18 
4058 6574 
26 27 

36,698 40,218 
C D 

Libya Libya 

6 

4187 

13 
8386 
15 

85,359 
A 

UAE' 
Saudit 

United Arab Emirates 
t Saudi Arabia 

of petechiation. The volume of bile present in the gall bladder 
was measured in some animals (feedlot study and voyages 1- 
4). The entire intestinal tract was examined in detail to de- 
termine the extent and severity of inflammatory changes. 
Smears of the mucosal surface of the ileum, caecum and 
proximal colon were made from some animals. The urinary 
bladder and renal pelvis of both kidneys were examined, 
particularly for the presence of uroliths. The skeletal mus- 
culature of fore and hind limbs (particularly around the hip 
joints) were examined for gross lesions and at least 4 joints 
were opened for inspection. The calvarium was removed for 
examination of the brain in situ specifically to assess the degree 
of brain swelling. The total fresh brain weight of some animals 
was also recorded. 

The following tissues were routinely fixed in neutral buffered 
formalin for histopathology; abomasum, adrenal glands, brain, 
caecum, colon (proximal), duodenum, heart, ileum, jejunum, 
kidney, liver, lung, terminal mesenteric lymph node, skeletal 
muscle (vastus intermedius and semitendinosus), rumen (ven- 
tral sac) and spleen. Additional samples were taken when 
indicated by the presence of gross lesions. 

Samples for Salmonella spp culture were taken from liver 
and bone marrow, and less frequently ileum and gall bladder, 
of all freshly dead animals in the feedlot study and in voyages 
1 and 2. In voyages 3-6 samples were taken from those sheep 
in which the gross lesions of salmonella enteritis were unusual 
or equivocal. In the feedlot study samples were taken directly 
into culture medium. During the shipboard investigations swabs 
of liver (after searing the capsule with a hot spatula), bone 
marrow (made by expressing marrow from a broken shaft of 
the 9th or 10th rib) and gut (by plunging the swab into newly 
opened gut lumen) were placed in Rappaports medium (voyage 

1) or strontium chloride B selective transport medium and 
stored at room temperature until the ship returned to Aus- 
tralia. Thereafter the procedures for isolation and identifica- 
tion of Salmonella spp were as described by Jelinek et a1 
(1982) with 2 exceptions; desoxycholate citrate agar was not 
used and all incubations were at 37°C. Salmonella serotyping 
and phage-typing were kindly performed by the Western Aus- 
tralian Department of Health. 

The following biochemical estimations were made on plasma 
samples; calcium, magnesium, sodium, potassium, bicarbon- 
ate, phosphate, total protein, albumin, creatine phosphoki- 
nase, aspartate aminotransferase, alkaline phosphatase, gamma 
glutamyltransferase, creatine, urea nitrogen and bilirubin. 

Scoring for Condition 
Three measurements were used to estimate body size and 

condition. Empty body weight was calculated by subtracting 
the combined weight of rumenoreticulum and abomasal con- 
tents from the body weight of the dead animal. The fat:bone 
index was calculated by dividing the weight of the greater 
omentum by the weight of the femur and the muscle:bone 
index by dividing the weight of the biceps femoris sample by 
the weight of the femur. 

These indices were selected after review of data presented 
by Butterfield (1963) and Tulloch (1963). Biceps femoris was 
taken as an estimate of total muscle weight, greater omentum 
as an estimate of total depot fat and femur weight as an 
estimate of total bone weight. 

Diagnostic Criteria 
All diagnoses were grouped into five major categories; deaths 

associated with reduced feed intake (inanition), salmonellosis, 
trauma, diseases associated with excessive feed intake, and 
miscellaneous diseases. A distinction was made between the 
primary and secondary causes of death. Usually the most 
severe lesions of longest duration were regarded as the primary 
cause of death. Nearly all sheep placed in the inanition cat- 
egory were those that contained less than 1.5% rumen solids 
and the absence of significant gross or histologic lesions. The 
rumen solid index was calculated by dividing the weight of 
the solid fraction of the rumenoreticulum contents by the 
empty body weight and expressed as a percentage (dead weight 
minus the combined weight of the contents of the rumenor- 
eticulum and abomasum). Others in this category were sheep 
with hypocalcaemia (plasma calcium less than 2.2 mmol/l) or 
hypomagnesaemia (plasma magnesium less than 0.8 mmol/l) 
prior to death. 

The diagnosis salmonellosis included those sheep with acute, 
subacute and chronic enteritis and septicaemia. The isolation 
of Salmonella sp from all salmonellosis candidates was not 
attempted because of logistical reasons and autolysis. How- 
ever, the nature of the enteric lesions were considered diag- 

TABLE 2 
Primary cause of death (number and percentage of total for each event) according to major diagnostic category during assembly 

and on board ship en route to the Middle East 

Major 
diagnostic 
category 

Feedlot Voyage Totals 
1 2 3 4 5 6 

Salmonellosis 88 

Inanition 21 

Excessive feed' 15 

Trauma 26 

Miscellaneous 49 

Inconclusive 7 

42.7% 

10.2% 

7.3% 

12.6% 

23.8% 

3.4% 

56 
43.4% 
15 
11.6% 
10 
7.8% 
12 
9.3% 
33 
25.6% 
3 
2.3% 

26 5 
15.6% 5.7% 
99 49 
59.3% 55.7% 
0 1 
0.0% 1.1% 
19 5 
11.4% 5.7% 
7 11 
4.2% 12.5% 
16 17 
9.6% 19.3% 

8 
9.6% 
27 
32.5% 
0 
0.0% 
27 
32.5% 
5 
6.0% 
16 
19.3% 

58 
33.9% 
52 
30.4 ?'o 
5 
2.9% 
2 
1.2% 
8 
4.7% 
46 
26.9% 

27 
25.5% 
40 
37.7% 
0 
0.0% 
12 
11.3% 
5 
4.7% 
22 
20.8 Y o  

268 

303 
31.9% 
31 
3.3% 

103 
10.8% 
118 

127 

28.2% 

12.4% 

13.4% 
~ ~ ~~ 

Totals 206 129 167 88 83 171 106 950 

Acidosis and enterotoxaemia 
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nostically characteristic and will form the basis of a future 
publication. Septicaemia was diagnosed on the basis of gross 
and histopathologic lesions and, although Salmonella spp were 
isolated from many sheep, it is possible that other bacteria 
were responsible for some of these deaths. 

An important distinction was made between inanition and 
enteric salmonellosis. In those cases with acute enteric lesions 
and rumen solids less than 1.5% the preferred primary di- 
agnosis was inanition. When significant subacute or chronic 
enteric lesions were present, in association with low rumen 
solids, a primary diagnosis of salmonellosis was made. 

The trauma cases included acute, subacute and chronic 
injuries and wound infections. The diseases associated with 
excessive intake of food included rumen acidosis and enter- 
rotoxaemia. A diagnosis of rumen acidosis was made on the 
basis of typical lesions in the mucosa of the rumen and 
reticulum, supported by low rumen pH in those sheep nec- 
ropsied soon after death. Enterotoxaemia was diagnosed when 
the classical visceral lesions were accompanied by brain swell- 
ing and the formation of perivascular lakes of plasma in 
specific areas of the brain; no attempt was made to identify 
the epsilon toxin of Clostridium perfringens type D. 

The miscellaneous group included all diseases that did not 
fit any of the other categories, and the diagnoses were based 
on finding convincing gross and microscopic lesions, sup- 
ported, where possible, by biochemical data. 

Nearly all cases classified as “inconclusive diagnosis” were 
too decomposed at the time of necropsy to give meaningful 
results. However, a few sheep devoid of any detectable ab- 
normality were included in this category. 

Analysis of Data 
Statistical significance of objective measurements for major 

diagnostic categories was assessed using analysis of variance 
and Student’s t test. Mortality curves for each voyage were 
smoothed by using a 3-day average centred on each day of 
the voyage. 

Results 
The results of 950 necropsies performed during the feedlot 

study and 6 voyages to the Middle East are presented in Table 
L. 

Cause of Death during Assembly 
Salmonellosis was the most common cause of death during 

feedlotting followed, in decreasing order of frequency, by 
miscellaneous diseases, trauma, inanition and diseases asso- 
ciated with excessive feed intake. 

Septicaemia and acute, subacute and chronic enteric forms 
of salmonellosis were recognised. The acute enteric form was 
characterised by haemorrhagic inflammation confined to the 
mucosa of the ileum, caecum and proximal colon and less 
frequently the abomasum, duodenum and jejunum. In these 
cases the mesenteric lymph nodes rarely showed pathologic 
changes. 

In the subacute form the essential lesion consisted of mul- 
tifocal to diffuse necrotising inflammation of the mucosa with 
a submucosal inflammatory infiltrate in the ileum, caecum 
and proximal colon. A severe lymphadenitis with cortical 
atrophy was consistently present in mesenteric lymph nodes. 

The chronic disease was confined to the terminal ileum, 
caecum and proximal colon, where thickening of the sub- 
mucosa was accompanied by adjacent areas of mucosal ul- 
ceration and hyperplasia. Mesenteric lymph nodes in the 
chronic disease often looked normal grossly but had severe 
depletion of cortical lymphoid tissue and chronic inflammatory 
changes. 

In septicaemic salmonellosis there were widespread petechial 
and ecchymotic haemorrhages, particularly on the epicardium 
and in retropharyngeal lymph nodes. Congestion was present 
in most organs. The liver often had multifocal necrosis (par- 
atyphoid nodules), the gall bladder occasionally contained 
fibrin clots, and there was often a concurrent enteritis. 
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Of the 88 cases of salmonellosis recorded 61 were enteric 
and 27 septicaemic. Most enteric cases (55) were acute and 
subacute. The serotypes isolated were S. typhimurium (60.4%), 
S. bovis-morbificans (20.9070), S. havana (15.4%) and S. ade- 
laide (3.3%). 

The 49 cases of miscellaneous disease included urolithiasis 
(9), pneumonia (9) ,  enteritis other than salmonellosis (7),  
degenerative myopathy (6) and lupinosis (5 ) .  Less frequently 
encountered were foot abscess, helminthosis, flystrike, der- 
matophilosis, encephalitis, and polioencephalomalacia. 

Most deaths due to trauma were acute or subacute and 
consistent with injuries sustained during transport from farm 
to feedlot. Of the 21 cases placed in the “inanition” diagnostic 
category during assembly, 1 1  were due to hypocalcaemia. 
Rumen acidosis (8 cases) and enterotoxaemia (7 cases) were 
grouped together as those diseases caused by excessive feed 
intake. 

Total mortality rates were not calculated during the feedlot 
study. Feedlot managers estimated mortality rates for an aver- 
age 7-day assembly period to be approximately 0.1%. Of the 
36,755 sheep selected in the experimental cohorts in voyages 
2 to 6 there were 23 deaths (0.06%) during assembly. 

Cause of Death during Shipping 
The figures presented for voyage 1 (Table 2) represent a 

selected (possibly biased) sample of sheep deaths and are 
presented for completeness. However, the deaths recorded 
during voyages 2 to 6 are representative of the cohort studied, 
and the following comments refer to those 5 voyages. 

Inanition was the most common primary cause of death in 
all but voyage 5 .  Of the 267 cases recorded as inanition, 134 
(50.2%) were characterised by a simple post mortem appear- 
ance that included less than 1.5% solids in the rumen and 
reticulum and the absence of severe gross or histologic lesions. 
Many sheep had less than 100 g solid matter in the rumen 
and reticulum and these organs were often atrophic (as little 
as 15 cm in diameter). Most sheep had ample abdominal fat 
reserves and widespread fat necrosis was usually present. How- 
ever, serous atrophy of fat was not seen. The livers of these 
sheep had only mild to moderate fatty change. The remaining 
133 cases had incidental lesions and lesions not considered to 
be the primary cause of death including 74 (27.7%) with acute 
salmonella enteritis and 13 (4.9%) with mild subacute sal- 
monella enteritis. 

Sheep in the inanition category (Table 3 )  had a higher mean 
fat: bone index than controls and sheep that died of other 
causes (P < 0.05). They had (by definition) the lowest rumen 
solid To (P < 0.001) and also the lowest rumen solid: fluid 
ratios (P < 0.05). Adrenal glands from these sheep were 
heavier than those in control sheep (P < 0.001) but weighed 
less than those in sheep that died from salmonellosis (P < 
0,001). The mean liver weight (as a percentage of empty body 
weight) of this group was significantly greater than controls 
(P < 0.001) as a result of fatty change. 

In voyages 2 to 6 salmonellosis was the primary cause of 
death in 124 (20.2%) of the 615 project sheep that died. Of 
the 83 cases of enteric salmonellosis 69 were subacute. A high 
proportion (35.0%) of sheep that died from subacute sal- 
monella enteritis also had less than 1.5% rumen solids. There 
were 41 cases of septicaemia. Sheep that died of salmonellosis 
had neutral abomasal pH, the heaviest adrenal glands (P < 
0,001) and the heaviest livers (P < 0.01) (Table 3). Culture 
for Salmonella spp was conducted on samples from 324 sheep 
in voyages 1 to 6 but was a poor indicator of the presence of 
lesions; sensitivity was 59.2% and specificity 71 AVO. The 
Salmonella spp serotypes most commonly isolated in all 6 
voyages were S. typhimurium (57.9%), S. havana (20.7070), 
S. bovis-morbificans (14.0%) and S. derby (6.7%). The most 
common S. typhimurium phage type isolated was @4. 

There were 65 cases of death due to trauma in voyages 2 
to 6 (10.6% of total deaths). The bulk of these deaths were 
related to injuries to the hips received when sheep lost their 
footing on slippery surfaces during loading and the first 2 or 
3 days of the voyage. Hip dislocation and torn pelvic muscles 
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TABLE 3 
Various measurements in cause-specific mortality categorfes (feedlot and voyages 1.6) and controls (voyages 2, 3, 5 and 6). (Mean 

t SE and number of measurements in parenthesis) 
Measurement Diagnostic category Control 

Inanition Salmonellosis Trauma Etox' 

Empty weight 

Fat:bone 
index 

Muscle:bone 
index 

Rumen solids 
(%) 

Rumen 

Rumen pH 

Abomasum pH 

Adrenal weight 

(kg) 

so1id:fluid 

(9) 
Gal I bladder 

volume (ml) 
Liver weight 
(YO empty wt.) 

Respiration 
(ratelmin) 

Rectal Temp. 

Age 
("C) 

(years) 

44.0 f 0.5 

8.7 f 0.3 

1.3 f 0.02 

0.7 f 0.05 
(266) 

0.7 f 0.15 
(290) 

7.0 f 0.1 
(85) 

6.5 f 0.1 
(71) 

6.2 f 0.1 
(235) 

71.0 f 4.3 
(1 69) 

1.99 f 0.04 
(1 54) 

62.9 f 6.3 
(31) 

40.6 f 0.2 

(272) 

(251) 

(252) 

(31) 
3.8 f 0.05 

(293) 

enterotoxaemia and acidosis 

41.2 f 0.6 
(230) 

6.9 f 0.2 
(195) 

1.3 f 0.02 
(1 94) 

2.2 f 0.16 
(228) 

2.0 f 0.58 
(237) 

7.0 f 0.1 
(1 23) 

7.0 f 0.1 
(61) 

7.3 f 0.1 
(231) 

72.0 f 6.5 

2.17 f 0.05 
(89) 

50.2 f 4.0 
(62) 

40.3 f 0.2 
(64) 

3.4 f 0.07 
(229) 

(192) 

were common consequences when sheep fell heavily on splayed 
hind legs. Euthanasia was performed on most of these sheep 
because of their inability to walk to feed and water. A dis- 
tinctive finding in some of these sheep was bilateral avascular 
necrosis of part or all of the gracilis muscle usually in the 
absence of other gross lesions. It was not possible to clearly 
relate other traumatic injuries to specific aspects of assembly, 
trucking or shipping. Sheep that died of trauma had a lower 
abomasal pH than sheep that died of other causes (P <0.001) 
(Table 3). 

Enterotoxaemia was the only disease in the excessive feed 
intake category seen during shipping and was not encountered 
in three of the 5 voyages in which a defined cohort was 
studied. These sheep had high but variable rumen solids (not 
significantly different from controls), high rumen solid: fluid 
ratios and low rumen pH (lower than controls P < 0.001) 
(Table 3). They also tended to be the younger sheep (the 
sample was biased for age) and had the lowest adrenal weights 
of all sheep that died (P < 0.001). 

The miscellaneous diseases caused few deaths during ship- 
ping (Table 2). Those observed, in descreasing order of fre- 
quency, were dehydration (1.8% of all dead sheep in voyages 
2 to 6) ,  degenerative myopathy (1.2%), urolithiasis with rup- 
ture of the urinary bladder (1.0%), pneumonia (1.0%), per- 
forated duodenal ulcers (O.6%), foot abscess (0.4%) and bal- 
anoposthitis (0.4%). 

Some lesions were seen frequently but were not considered 
to be the major cause of death. For example, 7.2% of dead 
sheep had pulmonary lesions of caseous lymphadenitis, 5.2% 
(in addition to those mentioned above) had degenerative le- 
sions in skeletal muscle, 4.8% had dehydration, 4.8% had 
acute nephrosis, 2.8% had acute multifocal myocardial ne- 
crosis and 2.6% had adrenal tumours. 

Comparison Between Voyages 
To compare cause-specific mortality rates between voyages 

2 to 6 adjustments were made for voyage duration, cohort 
size and proportion of inconclusive diagnoses. The first 11 
days were common to all 5 voyages so the comparison was 
made by calculating relative 1 I-day mortality rates (Table 4). 
The relative mortality rate represents the number of dead 
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44.8 f 0.8 40.8 rt 1.4 55.8 rt 1.2 
(64) 

6.4 f 0.4 6.7 & 0.9 
(60) 

1.5 -c 0.04 1.5 f 0.05 

(29) 

(20) 

(109) 
6.6 f 0.4 

(73) 
1.4 f 0.03 

(72) 
3.6 & 0.24 

(1 09) 
4.2 f 0.71 

(113) 
6.8 f 0.1 

(63) 
5.0 -c 0.2 

(32) 
6.4 f 0.2 

(85) 
67.6 f 5.8 

(78) 
2.04 f 0.07 

(39) 
51.1 f 4.5 

(55) 
40.1 f 0.2 

(54) 
3.2 f 0.10 

(20) 
6.9 f 0.78 

(29) 
12.1 f 6.14 

(31) 
5.4 f 0.1 

(22) 
6.7 f 0.6 

(3) 
4.8 f 0.2 

(32) 
42.5 f 7.8 

(30) 
1.98 0.12 

(7) 
33.9 2 5.0 

(16) 
39.4 * 0.2 

(1 7) 
2.4 0.20 

(60) 
5.8 f 0.28 

(64 
2.0 * 0.19 

(64) 
6.3 f 0.1 

(60) 
4.4 f 0.1 

(61) 
4.4 f 0.1 

(60) 
16.6 I 2.7 

(39) 
1.73 -c 0.03 

58.6 f 3.0 
(62) 

39.7 f 0.1 
(64) 

3.7 f 0.12 

(42) 

sheep, in each diagnostic category, per 10,OOO sheep at risk 
for the first 1 1  days. 

The relative mortality rates for inanition, miscellaneous and 
enterotoxaemia were similar in all 5 voyages. Salmonellosis 
usually accounted for less than 35 deaths per 10,OOO sheep 
but was excessive in voyage 5 and accounted for the high 
mortality in that voyage. Similarly trauma was usually a minor 
cause of death (less than 20 deaths per 10,OOO sheep) but was 
excessive in voyage 4, accounting for the higher mortality. 
Many of the trauma deaths early in voyage 4 were atypical, 
they had severe bruising of the sternum often accompanied 
by broken ribs. This type of injury was not seen on any other 
voyage and although the reason was not determined it was 
assumed to be a management-related accident during loading. 
The relative mortality rates for salmonellosis and inanition 
combined, in voyages 2, 3, 4 and 6 ,  were remarkably similar 
(76.0, 83.8, 84.6 and 82.1 respectively). 

Temporal mortality profiles for each voyage allowed further 
interpretation (Fig. 1). Mortality curves for voyages 2 and 6 
(conducted in the same vessel) showed that total mortality 
gradually increased throughout and that inanition was a dom- 
inant part of the profile in the latter half of each voyage. In 
contrast voyages 3 and 5 had early peaks of total mortality. 
The day 6-7 peak in voyage 3 was largely due to inanition, 
but the day 4 peak in voyage 5 was caused by both inanition 
and salmonellosis. The high initial mortality in voyage 4 was 

TABLE 4 
Relative mortality rates in cause-speclfic mortality categories 
for voyages 2-6 (number of deaths per 10,OOO sheep at risk for 

the first 11 days at sea) 

Cause of death Voyage 
2 3 4 5 6 

Inanition 52.6 76.0 59.5 76.7 47.8 
Salmonellosis 23.4 7.8 25.1 109.8 34.3 
Trauma 19.9 7.8 65.9 2.1 16.4 
Miscellaneous 5.9 17.1 12.6 12.5 6.0 
Enterotoxaemia 0.0 1.3 0.0 10.3 0.0 

Totals 101.8 110.0 163.1 211.4 104.5 
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40 I Voyage 2 
Inanltion 35 I I 
solmonollosis 1 - traumo I 

__.I.' 
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Day of voyage 
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- tmume 

............................ ............ 
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caused by trauma when an accident during loading caused the 
death of many sheep. 

Discussion 
That salmonellosis was the major cause of death during 

assembly was not unexpected. Salmonellosis is a potential 
cause of death whenever sheep are fasted (Grau et a/ 1969) 
or assembled at high stocking rates, such as abattoir holding 
pens (Grau and Smith 1974). It was identified as a major 
cause of feedlot deaths in export wethers in Victoria (Mc- 
Auliffe et a1 1978), and has caused occasional epidemic mor- 
tality in some Western Australian feedlots in the past (Richards 
and Norris unpublished). 

The next most common category of death in the feedlot, 
the miscellaneous diseases, included many commonly encoun- 
tered diseases of sheep in Western Australia. They were mostly 
subacute and therefore probably carried from the farm to the 
feedlot. 

There were few feedlot deaths classified as inanition and 
approximately half of them were hypocalcaemia indicating 
short term energy deprivation. The rest of the sheep in this 
group may have been in the feedlot for periods longer than 
the 7-day average. In many cases sheep are held in feedlots 
for 2-3 weeks because of delayed departure of ships. 

The paucity of cases of rumen acidosis indicated good 
feedlot management, good feed quality, or both. Our obser- 
vations (Norris and Richards 1989) suggest that the pelleted 
feed now offered to export wethers in Western Australia is 
unlikely to produce acidosis. Mean values for 42 samples of 
pellets taken from ships in 1986 were 11.0% metabolisable 
energy, 13.2% crude protein, 74.4% digestibility, 23.5% acid 
detergent fibre and 37.6% starch. Lupin grain is now incor- 
porated in most pellet mixes, and the carbohydrate fraction 
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Figure 1. Mortality curves for the  experimental cohort in voy- 
ages 2 to 6. Voyages 2 (spring) and 6 (autumn) were in the 
same ship.  Voyages 3 (autumn), 4 (winter) and 5 (spring) all 
involved different ships. 

is thought to be less supportive of Lactobacillus sp growth in 
the rumen than the carbohydrates of cereal grains. 

There were major differences in the case of death during 
feedlotting and on board ship in this study. During shipping 
inanition was the dominant cause of death whereas salmo- 
nellosis, trauma and miscellaneous diseases were usually minor 
causes of death and rumen acidosis was not seen. 

These findings are quite different from those of Gardiner 
and Craig (1970), who considered that salmonellosis and heat 
stroke were the prime causes of death in sheep en route from 
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Fremantle to Singapore in 1961. Our results are, however, 
supported by the unpublished findings of R J Higgins (per- 
sonal communication), who found anorexia-hypocalcaemia in 
52% of dead sheep necropsied on board ship between Fre- 
mantle and Banda-Shapur, Iran in 1972. 

Salmonellosis has long been a recognised cause of death 
during sea transport (Gardiner and Craig 1970; Jelinek ef  a1 
1982). Our findings indicate that salmonellosis has either a 
major or minor part to play depending on the diagnostic 
criteria adopted. Our approach, to confer a primary diagnosis 
of inanition on those cases with acute enteric salmonellosis 
that had poor gut fill, was based on the probability that this 
group of animals was anorectic before salmonella lesions de- 
veloped. Consequently inanition, and not salmonellosis, was 
the major cause of death during shipping. Had we classified 
all sheep with salmonella lesions as salmonellosis our data 
(voyages 2 to 6) would have indicated that salmonellosis (215 
cases, 43.2%) was the most common cause of death and not 
inanition (176 cases, 35.3%). 

Most shipboard cases of trauma were acute and associated 
with splaying of the hind limbs on slippery floors during 
loading. The subacute and chronic injuries seen were probably 
sustained during the many occasions that sheep are handled 
once they leave the farm paddock to enter the export process. 
Sheep are mustered and yarded on the farm, trucked to the 
feedlot, drafted and (sometimes) vaccinated during feedlotting 
and trucked to the wharf for loading onto the ship. Some 
sheep are also shorn during feedlotting. 

Enterotoxaemia was infrequently seen during shipping. An 
epidemiological survey (Norris and Richards unpublished) in- 
dicated that approximately 80% of the farmers contributing 
sheep to the cohort for voyages 2-6 had vaccinated their sheep 
for enterotoxaemia. The other disease associated with excessive 
feed intake, lactic acidosis, was not seen on board ship prob- 
ably because of pellet quality and the practice of restricted 
feeding (twice daily). 

The objective data collected during the study proved to be 
useful in characterising cases in the major diagnostic cate- 
gories. It gave some insight into the conformation of sheep 
in each category and allowed diagnostic decisions for inanition 
in particular. It was no surprise to learn that sheep with 
salmonellosis were the most severely stressed of all sheep that 
died, but high abomasal pH in sheep that died of inanition 
was not predicted. The large depot fat reserves in sheep in 
the inanition category was also not anticipated and requires 
further investigation. 

Of the clinical biochemistry tests conducted, only plasma 
calcium and magnesium were routinely useful. Other plasma 
constituents proved useful in individual cases to explain the 
relationships between sets of lesions, but, the objective data 
together with gross and microscopic pathology were generally 
sufficient for diagnosis. 

By comparing relative mortality rates in 5 voyages (Table 
4) we concluded that inanition was the major cause of death 
during the shipping phase of live sheep export and accounted 
for approximately half of all deaths. It was a consistent part 
of the temporal mortality pattern, caused the deaths of be- 
tween 50 and 80 sheep per 10,OOO at risk during the first l l  
days at sea, and was not altered by seasonal factors. Similar 
comments apply to the miscellaneous diseases, although they 
were not as significant numerically. 

Trauma was a minor cause of death in most voyages but 
accidental injuries, as in voyage 4, may constitute a large 
proportion of the mortality profile. It is our opinion that the 
number of deaths from trauma in any  voyage is determined 
by the quality of stockmanship on the farm, truck, feedlot 
and ship. 

Salmonellosis has the potential to cause large numbers of 
deaths as seen by the spectacular increase in relative mortality 
rate between voyages 3 (autumn), 4 (winter) and 5 (spring). 
There were no discernible differences in assembly or shipboard 
management between these voyage and hence there is no ready 
explanation for this phenomenon. Although it was not possible 
to exclude a seasonal influence, we considered season an 
unlikely contributing factor since there were fewer salmonel- 
losis deaths in voyage 2 (spring) than in voyage 6 (autumn). 
Temporal cause-specific mortality profiles offered some ex- 
planation for trends and peaks in total mortality during ship- 
ping. The two basic profiles, gradually increasingly mortality 
in voyages 2 and 6, and early peaks in mortality in voyages 
3 and 5 may be related to differences in feedlot management 
and design. Sheep for voyages 2 and 6 were assembled in 
small paddocks at 7-10 m*/head and offered hay and pellets, 
whereas half of the cohort for voyages 3 and 5 were assembled 
in sheds at 0.5 m2/head and offered pellets only and the other 
half were held in yards at 7-10 m2/head and offered pellets 
only. There is also a possibility that individual ships have their 
own characteristic mortality profiles. The similarity in profiles 
for voyages 2 and 6, which were in the same vessel, lends 
support to this hypothesis. 

The findings of this study allow some recommendations for 
future management and research in the live sheep export 
industry. Careful selection of stock for export should minimise 
losses from miscellaneous diseases. Care with sheep handling 
at all stages of export, and the introduction of non-skid 
surfaces on board ship will greatly reduce losses from trauma. 
The diseases associated with excessive feed intake are now 
minimal and could be eliminated with vaccination for enter- 
otoxaemia and attention to pellet quality. 

The 2 major causes of death, inanition and salmonellosis, 
require further research. A number of management options 
are available to ensure that all sheep adapt to the pelleted diet 
during assembly, and these will be tested under experimental 
conditions in the future. It is our contention that consistent 
feed intake is the key to solving both problems. Salmonellosis 
can clearly be a minor problem, as in voyage 3, or a major 
problem, as in voyage 5 .  A full understanding of the epide- 
miological factors that influence these disparate outcomes 
should allow control by strategic management techniques at 
all stages of export. 
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