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SUMMARY. A necropsy survey of Laysan albatross, Diomedea immutabilis, chicks on 
Midway Atoll in June 1993, 1994, and 1995 revealed 54% (21/39), 67% (49/71), and 93% 
(15/16), respectively, to have enteritis as the most severe pathologic finding. The lesion was 
limited to the ileum, ceca, and large intestine. We were unable to attribute a single infectious 
etiology to this lesion. Many birds with enteritis also exhibited renal lesions similar to those 
encountered in chickens experimentally deprived of water. We propose that enteritis is a 
significant cause of mortality in Laysan albatross chicks on Midway and that it may be a 
sequela to dehydration. It is likely that the pathology of dehydration in Laysan albatross 
differs from that in chickens largely because of diet. 

RESUMEN. Enteritis necrosante como causa de mortalidad en albatroses de Laysan j6ve- 
nes (Diomedea inmutabilis) en Atoll, Hawaii. 

Una encuesta de las necropsias realizadas en albatros de Laysan (Diomedea inmutabilis) en 
Atoll, Hawaii, durante el mes de Junio de los afios 1993, 1994 y 1995, revelo un 54% (21/ 
39), 67% (49/71) y 93% (15/16) respectivamente, de enteritis como el hecho patologico 
mas importante. La lesion estaba limitada al ileo, ciego e intestino grueso. No se pudo atribuir 
una sola etiologia a la lesi6n. Muchas aves con enteritis tambien mostraron lesiones renales 
similares a las encontradas en pollos deshidratados. Proponemos que la enteritis es una causa 
significante de mortalidad en albatros de Laysan y que puede ser secuela de deshidratacion. 
Es posible que la patologia de la deshidrataci6n del albatros de Laysan sea diferente a la de 
los pollos, principalmente debido a la dieta. 
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Midway Atoll contains the largest breeding 
colony of Laysan albatross in the world with ca. 
300,000 breeding pairs. Breeding in this species 
is highly synchronous (12). Adults arrive an- 
nually from open sea in October-November to 
lay eggs. Chicks hatch in January-February and 
depend solely on adults for food. Chicks begin 
fledging in June-July, whereupon morbidity 
can be substantial with 1000+ chicks dying per 
day. 

Previous mortality surveys in albatross chicks 
on Midway Atoll implicated lead poisoning 
(21) and dehydration (22) as the major causes 
of chick morbidity and mortality. Sileo et al. 
(22) based their diagnosis of dehydration on 
gross findings, clinical response of birds to oral 

rehydration, and presence of microscopic renal 
lesions interpreted as sequelae to dehydration. 

Yet, dehydration in birds is typically an an- 
temortem diagnosis obtained through exami- 
nation of hematology, clinical chemistry, weight 
loss, and clinical signs such as skin turgor, cap- 
illary refill time, and clinical demeanor (1). Of 
the 16 chicks that Sileo et al. (22) supplement- 
ed with fluids, five were suspected of having 
lead poisoning, and of an additional six that 
died, three were diagnosed with aspergillosis or 
lead poisoning and two of the remaining three 
had potentially fatal chigger infestations. With- 
out further clues as to its pathophysiology, di- 
agnosing dehydration in seabirds based on pa- 
thology alone may be problematic. 
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Dehydration is a symptom of either inade- 

quate fluid intake or excessive fluid loss. Sileo 
et al. (22) suggested that reduced parental feed- 

ing led to albatross chicks becoming dehydrated 
but offered no data to confirm this. During 
necropsy surveys of near-fledging Laysan alba- 
tross chicks in 1994-95, we encountered a le- 
sion that could partly explain why some Laysan 
albatross chicks appear dehydrated on Midway. 

MATERIALS AND METHODS 

Midway Atoll comprises three islands, the largest 
of which is Sand Island (22). Albatross chick carcasses 
were collected throughout Sand Island and necrop- 
sied during 1 wk each in June 1993, 1994, and 1995. 
At this time of year, chicks are approximately the 
same age because of the synchronous breeding history 
of the species (12). Thirty-nine chicks were necrop- 
sied in 1993, 71 in 1994, and 16 in 1995. Only 
freshly dead chicks were selected for necropsy and 
were judged as such based on appearance of eyes, 
mucous membranes, and lack of fly larvae on mucous 
membranes. 

Necropsies comprised weighing birds to the nearest 
0.1 kg using a spring scale and performing a system- 
atic external and internal examination of organ sys- 
tems and stomach contents. Tissues from all chicks 
were examined microscopically, including lung, kid- 
ney, gonad, adrenal, liver, heart, spleen, pancreas, ce- 
rebrum, cerebellum, esophagus, proventriculus, small 
and large intestine, cecum, bursa, thyroid, parathy- 
roid, peripheral nerve, air sac, and skin. Tissues were 
fixed in 10% neutral buffered formalin, embedded in 
paraffin, cut into 5-,Jm sections, and stained with 
hematoxylin and eosin. Grocott's methenamine silver 
and periodic acid-Schiff were used to confirm fungi, 
Gram stain to classify bacteria as gram positive or 
negative, and alcian blue to detect sulfated muco- 
substances (19). 

Livers from all birds were frozen separately in 
sealed plastic bags at -20 C and analyzed for lead 
(tig/g [w/w]) at the National Wildlife Health Center 
in Madison, WI (9). Limit of detection for liver lead 
was 0.25 ,pg/g. We analyzed for lead because lead 
poisoning in albatross has been documented by oth- 
ers (21). In 1995, intestines from 10 birds were saved 
in selenite broth that was held refrigerated for 1 wk. 
The broth was then plated onto blood and XLT-4 
agar and incubated at 37 C for 24 hr at the National 
Wildlife Health Center. Isolates of Salmonella were 
typed at National Veterinary Services Laboratory in 
Ames, IA (8). Small intestines and ceca from five 
chicks were stored in sealed plastic bags at -20 C 
for 2 wk prior to virus isolation in cell culture (6) 
and embryonated hens' eggs (20). 

Table 1. Number of Laysan albatross chicks in 
each diagnostic category. 

Number of chicks 

Category 1993 1994 1995 

Enteritis 21 49 15 
Lead 8 6 1 
Trauma 2 3 0 
Undetermined 8 14 0 

Animals were grouped into three diagnostic cate- 
gories according to the most severe gross and/or mi- 
croscopic lesion. Birds with liver lead levels -7 pg/g 
were considered lead poisoned (7). Birds with histo- 
logic evidence of moderate to severe necrotizing en- 
teritis and typhlitis were classified as enteritis. Birds 
with gross evidence of trauma were classified as trau- 
ma. We had a final category of undetermined for 
birds for which we could not reach a diagnosis. 
Weights for birds in the lead, trauma, and enteritis 
categories were pooled for all years, data evaluated for 
normality, and the three categories compared using 
ANOVA (5). Alpha was 0.05. 

RESULTS 

The most common pathologic diagnosis for 
all years was enteritis (Table 1). Most birds with 
enteritis were in good to excellent flesh. The 
most consistent gross lesion was presence of 
moderate amounts of inspissated material in the 
distal small intestine and ceca and occasional 
urate calculi in the cloaca. On microscopy, all 
birds had moderate to severe necrotizing enter- 
itis generally limited to the distal small intestine 
and ceca (Fig. 1A). The lesion was characterized 
by large intraluminal amorphous cores of eosin- 

ophilic cellular debris and ingesta mixed with 

clumps of short gram-negative rods and gram- 
positive coccoid bacteria. The superficial mu- 
cosa was diffusely necrotic with clumps of bac- 
teria and often accompanied by a prominent 
lymphoplasmacytic infiltrate within the lamina 

propria that occasionally extended focally into 
the underlying muscularis (Fig. 1B). Inclusions 
were not noted and protozoa were rarely seen. 
No virus was isolated from intestines of five 
birds with this lesion. Of 10 birds tested, four 
were positive for Salmonella, one for Salmonella 
ohio, one for Salmonella oranienburg, and two 
for Salmonella san-diego. 

Other significant microscopic lesions in birds 
with enteritis included splenic lymphoid deple- 
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Fig. 1. (A) Small intestine and attached ceca-note diffuse necrosis of superficial mucosa on left. Bar = 
1000 ,im. (B) Lamina propria of small intestine-note diffuse lymphoplasmacytic infiltrate on left and 
necrosis of superficial mucosa on right. Bar = 200 Ipm. (C) Kidney-note stellate urate crystals within necrotic 
proximal tubules. Bar = 70 Jim. (D) Kidney-note distal tubules distended with mucus concretions sur- 
rounded by flattened tubule cells. Bar = 50 ptm. 

tion and, less often, reticuloendothelial hyper- 
plasia. The most common renal lesions were of 
two types: distention of proximal and distal tu- 
bule lumen with stellate crystals surrounded by 
necrotic cell debris and occasional granulocytes 
(Fig. 1C), and distention of distal tubules and 
collecting ducts with grey wispy material that 
stained blue with Alcian blue and was sur- 
rounded by flattened, hypereosinophilic tubule 
cells with pyknotic nuclei (Fig. 1D). Glomeru- 
lonephritis characterized by swollen hypercel- 
lular glomeruli was noted in five birds. Four 
birds with enteritis had bacteremias character- 
ized by multiple foci of necrosis in the liver, 
heart, and lung accompanied by gram-negative 
bacteria. Cultures were not done. One bird had 
a granulomatous pneumonia associated with an 
unidentified fungus, and another had a severe 

diffuse suppurative encephalitis limited to the 
cerebellum and accompanied by mild pulmo- 
nary edema. Incidental lesions incuded un- 
identified gravid female trematodes distending 
distal collecting ducts of the kidneys, hepato- 
cellular atrophy, and, rarely, mild focal necrosis 
of the liver, spleen, and adrenal. One bird had 
severe acute necrosis of the myocardium. 

Most birds with lead poisoning appeared in 
good to excellent flesh and were grossly unre- 
markable except for two birds with petechiae 
on the dorsal lungs. On microscopy, we saw 
moderate to severe splenic lymphoid depletion 
and occasional reticuloendothelial hyperplasia. 
Six birds had mild to severe necrotizing enteritis 
and mild to severe nephrosis. Hepatocellular at- 
rophy was less commonly seen. One animal had 
multifocal and perivascular hemorrhages ac- 
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companied by focal necrosis in the cerebrum 
and brain stem. Liver lead levels in this group 
ranged from 7.74 to 70.5 JLg/g. 

Traumatized birds had multiple fractures of 
the skull, synsacrum, or limbs accompanied by 
bruising of breast muscles and internal hemor- 
rhage. No other lesion was noted. Birds in the 
trauma category (2.9 ? 0.6 kg) weighed sig- 
nificantly (P < 0.05) more than those in either 
the enteritis (1.8 + 0.4 kg) or lead poisoning 
(1.8 + 0.4 kg) categories. 

DISCUSSION 

The high prevalence of enteritis in albatross 
during all 3 yr was not documented in other 
studies (22). Like us, Sileo et al. (22) noted the 
gross presence of inspissated feces in the distal 
intestines of birds they classified as dehydrated; 
however, the gut lesions were not examined his- 
tologically. It is likely that our pathologic di- 
agnosis of enteritis is analogous to Sileo et al.'s 
(22) diagnosis of dehydration. We suspected 
that necrotizing enteritis was a primary lesion 
that led to the birds' inability to reabsorb water 
through the gut, thereby providing a potential 
mechanism to explain Sileo et al.'s (22) suspi- 
cions of dehydration. 

Failure to detect viral inclusions or protozoa 
on microscopy does not exclude the possibility 
that viruses could have initiated primary lesions 
subsequently invaded by bacteria, yet data in 
this study did not reveal such evidence. Tissue 
culture failed to reveal viruses. Although some 
viruses may not have persisted long enough in 
a hostile enteric environment during 2 wk stor- 
age at -20 C, we judge that the limited extent 
of the lesion (ileum, cecum, large intestine) was 
not compatible with a systemic enteric viral in- 
fection. 

The morphology of the bacteria seen in en- 
teritis lesions and pattern of mucosal necrosis 
make it unlikely that clostridia were responsible 
for the lesion (2,10). Small gram-negative rods 
associated with mucosal necrosis in many cases 
of enteritis implicated Salmonella or Escherichia 
coli. However, in poultry, colibacillosis generally 
causes multiorgan inflammation, such as airsac- 
culitis, pericarditis, and perihepatitis (11), 
something not usually observed in albatross 
chicks with enteritis. Although the gross and 
microscopic lesions in enteritis birds were com- 
patible with salmonellosis (15), our isolation of 

multiple types of Salmonella from only 4 of 10 
birds makes this diagnosis suspect. Our inabil- 
ity to isolate Salmonella from all birds with en- 
teritis may have been caused by the 1-wk stor- 
age in selenite broth. Logistics of travel to and 
from Midway prevented any earlier laboratory 
tests. 

Although Bierer et al. (3) observed proven- 
triculitis in chickens experimentally deprived of 
water, neither they nor other investigators (23) 
recorded intestinal lesions. Many albatross with 
enteritis had renal lesions suggestive of dehy- 
dration. Some of these (Fig. 1C) were similar 
to lesions seen by Sileo et al. (22), whereas oth- 
ers (Fig. 1D) were more typical of those noted 
by Onderka et al. (18), who described dilated 
collecting ducts with mucin concretions in de- 
hydrated immature chickens. Renal lesions seen 
in Laysan albatross were somewhat more severe 
than those observed by Swayne and Radin (23) 
in kidneys of chickens that underwent water 
deprivation. 

Because of the lack of evidence of a primary 
inciting cause of necrotizing enteritis in alba- 
tross, dehydration must be considered a possi- 
bility. Birds with necrotizing enteritis were sig- 
nificantly lighter than traumatized but other- 
wise healthy birds. Weight loss is a clinical sign 
of dehydration (1). A plausible scenario is that 
loss of water resulting from evaporative cooling 
or inadequate food intake in Laysan albatross 
chicks leads to accumulation of urates and urate 
concretions in the urodeum and kidney. Colon- 
ic reflux into the ceca and ileum (13) along 
with prolonged contact of acidic urates with in- 
testinal mucosa lead to tissue necrosis, inability 
to reabsorb water, and exacerbation of dehydra- 
tion. The difference in lesions between seabirds 
and chickens may lie with the protein-rich diet 
of seabirds, which would presumably lead to 
relatively higher urate production in this group 
relative to granivorous birds. 

Our findings of lead as the second most 
common cause of death in albatross chicks were 
similar to those of Sileo et al. (22). Like others 
(21), we were unable to demonstrate some of 
the characteristic pathology of lead poisoning 
seen in other avian species, such as emaciation, 
myocardial degeneration and necrosis, fibrinoid 
necrosis of vessels of multiple organs, and ce- 
rebral and cerebellar hemorrhages accompanied 
by peripheral nerve demyelination and inflam- 
mation (4,14,16,17). Presence of necrotizing 
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enteritis in some lead poisoned birds suggests 
that these birds, too, may become dehydrated, 
a supposition supported by the almost identical 
mean weights between both lead poisoned and 

necrotizing enteritis birds. 
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