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ABSTRACT: Lesser snow goose (Chen caerulescens caerulescens) goslings, approximately 5 weeks
of age, were collected near the mouth of Tha-anne River, Northwest Territories, Canada, during
mid-August 1991. Many dead goslings had been observed in the area from 1988 to 1990. Goslings
from near the coast, where habitat degradation by grazing geese was severe, were smaller,
weighed less, and had a greater prevalence of renal coccidiosis (Eimeria truncata) and cecal
nematode (Trichostrongylus spp.) infection than did goslings from inland areas, where habitat
destruction was not evident. Prevalence of infection with intestinal cestodes was greater at inland
than at coastal sites. Prevalences of gizzard nematodes (Epomidiostomum spp.) and Leucocyto-
zoon spp. were not significantly different at the two sites. Histological examination of kidneys and
examination of kidney homogenates for oocysts were more sensitive methods than gross exami-
nation of the kidneys for detecting renal coccidial infection. The number of oocysts present in
droppings was not a good indicator of the severity of renal coccidial infection in individual birds;
however, the average number of oocysts in droppings was indicative of the average severity of
infection among groups of goslings.

Key words: Lesser snow goose, Chen caerulescens, goslings, renal coccidiosis, parasites, hab-
itat degradation, condition.

INTRODUCTION stroyed large areas of sedge fen. This has
resulted in large expanses of exposed peat
and, over time, erosion and ice action has
removed the shallow remnant peat cover
and exposed underlying marine clays.
Some of these clay areas have become in-
creasingly saline with limited potential for
recovery (Kerbes et al., 1990).

The population of snow geese declined
more than 50% between 1985 and 1990 in
breeding colonies on the west coast of
Hudson Bay (R. Kerbes, unpubl.). The re-

lationship between habitat degradation

The number of lesser snow geese (Chen
caerulescens caerulescens) in North Amer-
ica increased from the mid-1960s to the
mid-1980’s (Kerbes, 1973; Maclnnes and
Kerbes, 1987). This was evident both in
increased number of breeding geese at
arctic nesting colonies and in increased
numbers of geese in the vicinity of nesting
colonies while enroute to more northern
nesting areas. Progressive degradation of
coastal habitats due to foraging activities of

geese has been documented at several
large nesting colonies along the western
shore of Hudson Bay in the Northwest
Territories of Canada (Kerbes et al., 1990).
Of particular concern is damage to fresh-
water sedge (Carex aquatilis) fens during
spring, when nesting geese and geese in
passage to more northern nesting areas
concentrate their feeding in areas free of
snow. Grubbing for graminoid roots and
rhizomes by geese has disrupted and de-

and the population decline is not well de-
fined although nutritional stress may be
occurring among geese that nest and at-
tempt to raise broods in the vicinity of de-
graded areas (Williams et al., 1993).
Growth and survival of goslings reared in
degraded areas were less than in goslings
reared distant from these sites (Cooch et
al., 1991). Many dead snow goose goslings
were observed along the Hudson Bay
coast between the Geillini (60°11'N,
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FIGURE 1. Location of the Tha-anne River study
site and of some other lesser snow goose colonies on
the west coast of Hudson Bay.

94°45"\W) and McConnell Rivers (60°50'N,
94°20'W) (Fig. 1) during banding opera-
tions for Canada geese (Branta canadensis
hutchinsii) in August of each year from
1988 to 1990. The greatest concentration
of dead goslings, more than 5,000 in 1990,
was near the mouth of the Tha-anne River
(60°29'N, 94°22'W) (Fig. 1), where habitat
destruction was severe (A. Didiuk, un-
publ.). Dead goslings were seen only in
the coastal area where habitat degradation
was most severe and not in more inland
areas where habitat degradation was not
evident. Our objective was to compare the
body condition and prevalence of renal
coccidiosis (Eimeria truncata), cecal nem-
atodes (Trichostrongylus spp.), gizzard
nematodes (Epomidiostomum spp.), intes-
tinal cestodes, and Leucocytozoon spp. in
goslings along the coast to those further
inland near the mouth of the Tha-anne
River.

MATERIALS AND METHODS

Goslings were collected at eight sites near
the mouth of Tha-anne River. Four sites were
within a 10-kim-wide strip along the coastline
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where habitat damage was extensive. The other
four were 15 to 25 km inland from the coast,
in areas where habitat damage was minimal or
not detectable. On 12 and 13 August 1991,
groups of goslings and flightless molting adults
at each site were captured by drive-trapping,
using a helicopter (Pakalak and Schmidt, 1973).
At each site, nine goslings were selected arbi-
trarily from within the group of captured geese.
except at one coastal capture site where 11
birds were sampled. At capture. goslings were
weighed, and mid-wing, tarsus, and ninth pri-
mary feather length were measured: blood was
collected from the axial vein of the wing, and
a blood film was prepared. Each gosling was
placed in a clean cardboard box for 15 to 30
min so that droppings could be collected.
Droppings were pr(-son'v(l in 2.5% aqueous
potassium dichromate for parasitological eval-
uation. Goslings were killed by cervical dislo-
cation, placed on ice, then frozen at —20 C
within 12 hr and held frozen until necropsied
at the Western College of Veterinary Medicine,
University of Saskatchewan. Saskatoon. Sas-
katchewan, Canada. Each gosling was assigned
a code number and goslings from all collection
sites were mixed together so that the patholo-
gist was unaware of the origin of individual
birds.

At necropsy. the color-phase and sex of each
gosling were determined, and culmen length,
skull length, total length, thickness of fat in
subcutaneous tissues and within the abdomen,
and thickness of the pectoral muscle in the
middle of the muscle were measured. The body
condition was measured by the body weight.
thickness of fat in subcutaneous tissues and
within the abdomen, and thickness of the pec-
toral muscle. Liver (after emptyving the gall-
bladder), intestine (after removal of ingesta)
and kidneys were weighed. The bursa of Fa-
bricius, thymic lobules, and spleen were re-
moved intact and fixed in 10% neutral buffered
formalin; later, these tissues were removed
from formalin, blotted drv. and weighed. Tis-
sues for histological examination (thymus, right
kidney, bursa of Fabricius, spleen, trachea,
lung, esophagus, proventriculus, duodenum,
cecum, pancreas, liver, heart, and left tibiotar-
sus from all birds: salt glands from 20 birds)
were fixed in 10% neutral buffered formalin,
embedded in paraffin, sectioned at 5 pm thick-
ness and stained with hematoxylin and eosin
(H&E) (Luna, 1968). The left kidney from
each bird was preserved in 2.5% aqueous po-
tassium dichromate for parasitological evalua-
tion.

Renal coccidial infection was assessed by
three methods in addition to gross examination
of the kidneys. Transverse sections through an-
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terior, middle and caudal portions of the right
kidney were examined histologically. A score
from 0 to 3+ was assigned on the presence of
lesions in none, one, two or all sections of kid-
ney. The left kidney was homogenized and
placed in the Modified Sheather’s Sugar Solu-
tion for flotation of oocysts (Sloss and Kemp,
1978). The number of oocysts under a single
22 X 22 mm cover slip was counted and a score
was assigned: 0 (no oocysts seen), 1+ (1 to 50
oocysts), 2+ (51 to 250 oocysts), 3+ (251 to
1,000 oocysts), 4+ (over 1,000 oocysts). Oo-
cysts were counted in droppings using the
Modified McMaster technique (Ministry of Ag-
riculture, Fisheries and Food, 1977). Oocysts
in kidney homogenates were identified by the
description of Gajadhar et al. (1982).

The intestine was opened and examined for
tapeworms. Gizzard worm infection was as-
sessed by gross examination of the transversely
sectioned gizzard musculature and by micro-
scopic examination of one H&E-stained, trans-
verse section through the posterior-half of the
each gizzard. Prevalence of cecal nematodes
was determined by gross examination of ceca
and by microscopic examination of one H&E-
stained, transverse section through the middle
of one cecum. Blood films were stained with
Wright’s Giemsa and examined for the pres-
ence of hematozoa in the laboratory of the Vet-
erinary Service Branch, Manitoba Agriculture,
Winnipeg, Manitoba.

Chi-square (x2) with Yates correction for
continuity (Zar, 1984) was used to determine
differences in prevalence of conditions in birds
from coastal and inland areas, and to compare
the sensitivity of techniques for detecting par-
asites. Oocyst counts in droppings, body and
organ weight, and linear measurements of gos-
lings were compared using the Mann-Whitney
test (Zar, 1984). Statistical significance was as-
sumed at P = 0.05.

RESULTS

Goslings were approximately 5-wk old
when collected. The sex ratio in the entire
sample of 74 birds was 66% male: 34%
female. Most (76%) goslings were in the
white phase. There was no significant dif-
ference in sex or color ratio between sam-
ples from coastal and inland areas. Body
and organ weights were not significantly
different between sexes within either the
coastal or inland areas; so, for analysis of
these parameters, the 38 birds from coast-
al sites were treated as one pool and the
36 birds from inland sites were treated as
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a second pool. The mean (£SD) body
weight of goslings was greater in the in-
land area (1289 * 145 g) than in the coast-
al area (1,118 * 169 g) (P < 0.0001).
Mean (£SD) weights of the bursa of Fa-
bricius and spleen were greater in goslings
from inland sites than in those from the
coast (0.75 = 0.19 g versus 0.64 * 0.24 g,
P=00323 *27gversus 1.1 £ 08 g,
P = 0.01, respectively). Mean weights of
the liver, thymus, and intestine were not
significantly different between the groups.
There was no significant difference in the
proportion of liver weight to body weight
between goslings from inland and coastal
areas. The mean (=SD) ratio of intestine
weight to body weight was significantly less
(P < 0.008) in goslings from inland (0.053
+ 0.005) than from coastal (0.058 + 0.010)
areas. Birds from inland sites were signif-
icantly larger than birds of the same sex
from the coastal area in all linear mea-
surements, except length of the ninth pri-
mary feather (males and females) and total
length (females). No measurable fat was
found in any of the goslings; the average
thickness of pectoral muscle was not sig-
nificantly different in birds from the two
sites. Based on the ratio of body weight to
tarsus length, goslings from inland sites
were in better body condition than those
from the coast (16.2 = 1.5 vs. 14.8 = 1.9,
P = 0.0008).

Gross lesions associated with renal coc-
cidia were observed in 28 (74%) of 38 gos-
lings from the coast. Affected kidneys were
enlarged to double or triple their normal
size and were friable, mottled, and brown-
beige (Fig. 2). None of 36 goslings from
inland sites had grossly visible renal le-
sions. The mean (=SD) weight of the left
kidney of goslings from the coast (9.8 *
3.1 g) was almost double that of goslings
from inland (5.5 * 0.9 g) (P < 0.0001).
Microscopic lesions of coccidial infection
were found in significantly more birds
from the coast (35 of 38, 92%) than in
birds from inland (12 of 36, 33%) (P <
0.0001). Microscopic parasite stages from
gamonts to oocysts were found in renal tu-



FIGURE 2.
al area with renal coccidiosis (center. right) and from

Kidneyvs from a gosling from the coast-

an uninfected lesser snow goose gosling from the in-
land area (left). The infected kidnevs are swollen,
pale and contain manv 1 to 2 mm white foci. Scale
is in mm.

bular epithelial cells of infected birds. Re-
nal tubular epithelium was hyperplastic in
association with parasite infection and
moderate numbers of mononuclear in-
flammatory cells were present in the renal
parenchyma. Granulomas were observed
occasionally surrounding collections of oo-
cysts. Morphologically, oocytes found in
the kidnev homogenates were similar to
those of Eimeria truncata. Histology was
more sensitive than gross examination for
detection of coccidial infection (P <
0.003). Oocysts were detected in homog-

TAaBLE 1.
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enates of the left kidney of 34 of (90%) 38
birds from coastal areas and 19 (53%) of
36 birds from inland sites. The sensitivity
of histology and examination of kidney ho-
mogenates for oocysts were not different
in severely affected birds, but more birds
with mild renal coccidial infections were
detected by the homogenization-oocyst
count method than by histology. Oocysts
were found in droppings from 37 (97%) of
38 goslings from the coast and 23 (64%)
of 36 from inland sites. The mean (+SD)
number of oocysts in droppings was great-
er in the coastal area (66,054 * 115,236)
than in the inland area (2,953 * 9,046) (P
< 0.0001). The mean number of oocysts
found in droppings generally paralleled
the number seen in the kidney homoge-
nates; however, there was considerable
overlap among groups (Table 1). Coccidia
were not detected histologically in the in-
testine of any gosling.

Nematode infection of the gizzard was
associated with 1 to 2 mm, brown-black
foci in the muscle, approximately 1 to 2
cm below the koilin layer. No intact worms
were recovered for identification. Micro-
scopically, the foci consisted of inflamma-
tion about intact or degenerate worms.
Gross or microscopic lesions were ob-
served in the gizzard of 34 (89%) of 38
goslings from the coast and in 26 (72%) of
36 birds from inland sites. The prevalence
was not significantly different.

Infection of the ceca with an unidenti-
fied nematode, possibly Trichostrongylus
sp., was represented by severe distention
of cecae with a white-yellow necrotic core
(Fig. 3). Microscopically, nematodes were

Relationship between the number of coccidial oocysts detected in homogenates of the kidneys

and in the droppings of snow goose goslings, west coast of Hudson Bay, Canada, August 1991.

Number

Oocysts in (lr()ppings

Oocysts in

sampled kidneyv homogenate Mean Range
21 None seen 1.3 X 103 0to 1.7 X 103
22 1 to 50 2.0 X 10* 0 to 3.3 X 10°
6 51 to 250 6.5 x 10* 2.0 X 102 to 3.0 X 105
4 251 to 1,000 4.4 x 104 35 x 103 to 5.2 X 107
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FICURE 3.

Cecum from a lesser snow goose gos-
ling infected with probable  Trichostongylus  spp.
nematodes. The cecal wall has been partially reflect-
ed to reveal the caseous core filling the lumen. Scale
is in mm.

found in the lumen and deep in the mu-
cosa. Gross lesions were present in ceca of
24% of the 74 birds and microscopic le-
sions were found in 57% of birds. Sensi-
tivity of the two techniques was different
(P < 0.0002). More birds from the coast
(29 of 38, 76%) had cecal lesions than did
birds in the inland (13 of 36, 36%) (P <
0.001).

Tapeworms (not identified) were found
more often in the intestine of birds from
the inland arca (34 of 38, 89%) than in
birds from the coastal arca (19 of 36, 53%)
(P < 0.001). Gamonts of an intracellular
protozoan parasite resembling Leucocyto-
zoon spp. (Springer. 1991) were found in
blood smears. within leukocvtes, from 23
(64%) of 36 birds from inland sites and 14
(39%) of 36 birds from coast. The preva-
lences were not significantly different. No
consistent lesions were detected in other
tissues  (examined  microscopically)  from
goslings from cither site.
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DISCUSSION

The cause of the mortality of goslings
that occurred near the Tha-anne River in
the summers prior to this study is un-
known. A marked long-term decrease in
survival of lesser snow goose goslings has
been documented in a colony at La Pé-
rouse Bay (58°43'N 93°27'W), further
south along the west coast of Hudson Bay
(Fig. 1), in association with habitat degra-
dation (Francis et al., 1992; Williams et al.,
1993). The decline in gosling survival at
that colony paralleled a decline in gosling
growth rate and final body size (Cooch et
al., 1991) and there was a marked decrease
in gosling survival at about the fifth week
after hatch (Williams et al., 1993). Mortal-
ity of goslings at La Pérouse Bay may have
occurred as a direct result of starvation or
through increased vulnerability of under-
nourished goslings to predation (Williams
et al., 1993). The prevalence and effects of
parasitism were not assessed, although re-
nal coccidiosis occurs in goslings on that
colony (Gajadhar et al., 1982). In our sam-
ple, goslings from the degraded coastal
habitat not only were smaller and in poor-
er condition but also had a greater preva-
lence of renal coccidiosis and cecal nem-
atodes than did goslings from inland. Le-
sions of renal coccidiosis also were more
severe in the coastal birds. Either or both
of these parasites could exacerbate effects
of malnutrition. Renal coccidiosis can
cause severe mortality among domestic
goslings (Reid, 1972) and wild waterfowl
(Mendenhall, 1976; Tuggle and. Crites,
1984a). The lesions caused by the nema-
todes were similar to those reported for
Epomi(liostomum spp- in lesser snow
geese (Tuggle and Crites, 1984b).

The greater prevalence of renal coccid-
iosis and cecal worm infection in goslings
in the coastal area compared to those in-
land might be related to differences in ex-
posure to infective stages or to diminished
resistance to infection. Coccidia and Trich-
ostrongylus spp. have a direct life-cycle
and increased exposure to oocysts and eggs



might result from intense grazing on the
depleted vegetation in the coastal area.
The vegetation in these areas may be
heavily contaminated with oocysts and
eggs, as Williams et al. (1993) reported a
ten-fold increase in the density of drop-
pings on the ground as the population of
geese increased over a 9-yr period at La
Pérouse Bay. Alternatively, parasites may
flourish in malnourished hosts (Watson,
1984). Habitat degradation resulting in re-
duced availability of food might act con-
currently with parasitism to result in poor
growth and mortality of goslings, particu-
larly in the coastal area. We believe that
the physiological costs of parasitism need
to be considered in assessing this situation.

The severity of renal infection with coc-
cidia could not be assessed accurately in
individual birds by counting oocysts in
droppings but the average number of oo-
cysts from the inland and coastal areas
generally reflected the severity of coccidial
infection in the two areas. Determination
of the number of oocysts in droppings may
be a practical, non-invasive method for
monitoring the relative severity of renal
coccidial infection among groups of gos-
lings. However, the number of oocyst in
droppings might be influenced by factors,
such as diet or time since eating or drink-
ing, that cause variable dilution of the
droppings. Oocyst counts in droppings
might be misleading if intestinal coccidia
were present. No coccidia were observed
in histologic sections of intestine from any
of the goslings from the Tha-Anne River
and we assumed that the oocysts found in
droppings were of renal origin.
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