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Abstract

Hair samples from 459 moose (Alces aleces andersoni) in
Saskatchewan were analyzed to determine concentrations of
Ca, K, Na, Mg, Fe, Pb, Cu, Se, Mo, Mn, Co, and Hg. Re-
gional seasonal and annual variations in levels of the
mineral elements were documented. Peak Tevels for most
elements were observed during the early winter period

and low levels generally occurred in spring. Samples from
two of the six areas investigated had significantly lower
levels (P<0.05) of three of the four macro-elements (Ca,
Na, K, and Mg). In addition, the Mn levels in all areas
were well below the suggested lTow 1imit for normal cattle
hair, and only one region was above the low limit sug-
gested for iron. However, clinical symptoms associated
with individual element deficiencies have not been
reported.

Although the role of mineral elements in human and animal nutri-
tion has been the subject of many research investigations in recent
years (Miller and Neathery 1977), the elemental requirements of free
ranging wild ungulates have not been well documented. Alaskan researchers
(Franzmann et al. 1975) have established considerabTe baseline data on
hair elemental Tevels for Alaskan moose (Alces alces gigas) and have ob-
tained a general knowledge of regional, seasonal and annual variability

in the concentrations of several mineral elements in moose hair.
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In addition, Flynn et al. {1977 described hoof growth abnormali-
ties observed among moose inhabiting an area of the Kenai Penninsula,
Alaska, and reported reduced copper levels in both hair and browse sam-
ples.

Although moose (Aices alces andersoni) in Saskatchewan are not
known or suspected to be subject to any specific elemental toxicity or
deficiency, some regions of the provincial moose range are known to be
superior to others in both habitat quality and moose density estimates.

The purpose of this investigation was to:

1) contribute to a baseline data bank for elemental levels in moose,
and to obtain information for Saskatchewan animals in particular;

2) compare elemental levels for moose from different geographical
and vegetative communities within the province; and

3) screen the Saskatchewan moose population to determine whether or

not any specific mineral element problems exist.

METHODS

Hair samples were obtained from 430 hunter-killed moose during
the 1975 hunting season, 12 animals collected during a condition assess-
ment study in April 1974, and 17 animals handled during a tagging opera-
tion in March 1976.

Hunters were requested to remove hair samples from the shoulder
hump area of harvested animals. However, the follicle was not available
in all cases as some hunters did not pluck the hair sample; those samples
not plucked were cut flush with the hide so that the first 0.5 - 1.0 cm

of hair was missing. It was assumed for this investigation that all sam-
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ples contained 2.0 cm of the proximal 3.0 cm of hair growth and thus re-
flected mineral uptake of the previous two or three months (Flynn et al.
1974).

Samples were prepared and ané]yzed at the Department of Surgery,
Cleveland Metropolitan General Hospital, Case Western Reserve University
School of Medicine, Cleveland, Ohio, according to the technique (atomic
adsorption spectrophotometry) described by Franzmann et al. (1976)
Concentrations were determined for Ca, K, Na, Mg, Cu, Fe, Mn, Zn, Co, Mo,
Hg, Se, and Pb, all recorded in parts per million (ppm).

The samples were segregated and compared by region, month, and
year to determine the extent of geographical, seasonal and annual varia-
bility in mineral element concentrations. Statistical comparisons used

a Student's "t" test at the 95% level (Steel and Torrie 1960).
STUDY AREA

Each moose hair sample was allotted to one of six regions within
the province (Fig. 1). Each region encompassed one or more game manage-
ment zones except for Region 1 which included only Moose Mountain
Provincial Park. Regions 2 through 6 comprise the major portion of the
mixedwood section of the Saskatchewan forest (described by Kabzems et al.
1976); Region 1, Moose Mountain Provincial Park, is a 225 km2 island of aspen
forest in the broad ecological zone designated as aspen parkland.

The five broad regions within the mixedwood forest section roughly
follow the boundaries of the grey-wooded soil zone in the province (ET11is
and Clayton 1970), but the dominant cover types of the areas are quite

different (Fig. 2). Both Regions 2 and 3 have similar proportions of

Figure 1.
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hardwopd, softwood, ana mixedwood stands in tne forested portions, but
the Pasquia Hills section {Region 3) ha. a large component of organic
bog as well. The fourth region, the Cumuerland Delta, is dominated by
bogs and water bodies relative to 1arge'stands of forest. The central
portion of the mixedwood forest (Region 5) has a large softwood and mixed-
wood component with few, small, isotated hardwood stands. Conversely,
the forests on the west side of the province (Region &) are characterized

by large hardwood stands and infrequent areas of softwood.
MOOSE POPULATION DENSITIES

The long term average density estimates for each of the six re-
gions vary from 0.21 moose/km2 in Region 5 to 0.68 moose/km2 in the
Cumberland Delta. The respective estimates for each of Regions 1, 2, 4,

and 6 were 0.27, 0.45, 0.40 and 0.40 moose/kmé.
RESULTS AND DISCUSSION

Hair mineral element levels determined for hunter-killed moose
collected in the September 22 - October 11 and November 10 - December 6,
1975 hunting season are presented in Tables 1 and 2 respectively. The
results for samples collected from animals handled April 8-9, 1974 and
March 10-12, 1976 are presented in Table 3.

Franzmann et al. (1976) reviewed the literature pertaining to
the low limits of several mineral elements for normal cattle hair. In
the data for Saskatchewan moose, peak elemental levels were not observed

below the Tow limits for normal cattle hair of Ca (300 ppm), Mg (100 ppm),
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K (350 ppm), Na (175 ppm), Zn (75 pom) and Cu (8.5 ppm). Manganese levels
ag no an os from moose in Saskatchewan were, in all cases observed, below the low limit
2 ;‘-;' ;;. :;. 2;. suggested for cattle (7 ppm). The highest Mn level recorded in the pro-
ol = a g ge vince was only 1.143 ppm. In the Alaskan studies, Mn concentrations ap-
e ¢ S% % peared to peak during the October-December period, and in some cases were
& fg §§. fgl f‘:‘ below 7 ppm (Franzmann and Bailey 1977); the average October level was
5.92 ppm. Franzmann et al. (1975) reviewed Underwood's (1971) work on
£ Egl é; §;| E;. symptoms associated with mineral element deficiencies in domestic animals.
) ol < < 32 ) 82 Impaired estrus and conception, weakness and impaired growth, and ataxia
g B - AT AW of new-born are three indicators of an Mn deficiency. The suggested Tow
§ @ i'i EE fi ff 1imit for Fe in cattle hair is 40 ppm and low Fe is associated with anemia,
2 o N T weight loss, listlessness and gastritis in domestic animals. The March
5 8 Eg. éi égl ég, 10-12, 1976 Cumberland Delta moose hair sample was the only Fe level to
E - . ce  oam exceed this value.
g 2 é%, g%, %%1 §§I Clinical symptoms of either deficiency have not been reported
’Z oo macy an =5 for moose in Saskatchewan, and the lower levels reported for moose may
g B 2'&', §§l g%, gg' simply represent a species difference with domestic cattle.
% < | 2= a8 as  =e Regional variation was evident when samples from the same month
g ’ ﬁ"gll ggl g3, §§-. and year were compared (Tables 4-5). For the September-October 1975
? & ;é ff EE E‘Z collection, levels of the four macro-elements were found to be signifi-
". o o TEOTw cantly lower in the hair of moose from Region 5. The concentration of
,.E" & ;T i:, i; E;, lead was low in the early season sample from the Cumberland Delta, but
é J| oes oo se 8w few significant differences were evident for Pb between regions during
% T oEY & 83 B the November-December period. Extreme fluctuation between months for
K
'_‘Z . . . . levels of lead was, observed in Alaska as well (Franzmann et al. 1976).
E; § ?:3; gs % gé ‘gf~ For the November-December 1975 period, Region 5 moose had the
: ;E gg‘r ;éc % Egc Eéf Towest observed levels of each of the macro-elements (Ca, Na, Mg, K);
3 Bl ¥%F 53§ 3l 3% 85 '

(Y

"~ Alces



ALCES VOL. 14, 1978

152

151

Significance table (P<0.05) of elemental levels for moose

hair ocollected September - October, 1975.

Table 4.

Region

Ca, M3, K, Na,

Ca, My, X, Pb

Ca, Mg, K, Na,
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Ca, Na, and K levels were statistically different from all other popu-
lations except those from Moose Mountain Provincial Park. The levels of
Mg from moose in the Park, Co from animals inhabiting the Cumberland Delta,
and Se from Region 5 animals were each significantly higher than levels
recorded for the other Regions in the province. Low levels of Mo on the
west side of the province and Pb in Region 1 were observed. Significant
differences were recorded for Na, Mn, and Hg between animals collected
from the Porcupine Forest (Region 3) and those from the Cumberland Delta
(Region 4) in April 1974,

A general trend of broad seasonal cycling of mineral elements
was plotted for hair samples originating from the Cumberland Delta

(Fig. 3). Peak values for Mg, K, Na, Ca, Cu, Pb, Se, and Co were ob-
served in early winter. Copper, Ca, Mg, Na and Se were significantly
higher (P<0.05) in November-December 1975 than they were in March 1576.
The extent of the annual cycling does not, however, appear to be static.
The winter of 1973-74 was one of the most severe reported in Saskatchewan
while the winter of 1975-76 was extremely mild (Stewart et al. 1977).
Levels of three macro-elements, Ca, K, and Na were significantly higher
following the mild winter, while Hg and Mn were lower {P<0.05). The
collections from the two years were from April in 1974 and March in 1976.
Franzmann and Bailey (1977) reported levels of Co, Mo, Se and Hg to be
most susceptible to changes between March and April; the macro-elements
appeared to be stable. The severe 1973-74 winter may, therefore, have
contributed to the significant declines in the three macro-elements and
may be indicative of lowered animal intake of these elements.

The fall mineral element peaks appear to be related to stages

in plant phenology. Kubota (1974) observed higher levels of P, S, Ca
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and K in leaves than in current growth of twigs. He also reported on
studies which demonstrated further increases in Ca concentrations as
leaves matured. Higher mineral element levels recorded in early winter
therefore likely reflect a higher plane of mineral nutrition in the sum-
mer and early fall.

Stewart et al. (1977), in their study of the relationship between
plant phenology and moose, reported a major decline in calving success
on the Cumberland Delta followinag the severe 1973-74 winter. The severe
winter and late leaf flush (15 days later than average) recorded that
spring were hypothesized as being possible limiting factors to produc-
tivity that year. Low levels of macro-element concentrations in April
1974 lead to the question of whether or not mineral metabolism signifi-

cantly influenced physiological processes that spring.
CONCLUSIONS

The accumulation of data on mineral element concentrations in
the hair of Saskatchewan moose has contributed to the baseline knowledge
for the province. The existence of regional and seasonal variability
has been established here as it was in Alaska. In addition, a general
screening of moose for any potential deficiencies or toxicities was
possible. The levels of Mn and Fe were both below Tow limits for nof—
mal cattle hair, and below the levels reported for Alaskan moose. How-
ever, clinical symptoms associated with deficiencies in other species

have not been documented for moose in Saskatchewan.
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