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ABSTRACT:

Antler anomalies were evident in tule elk (Cervus elaphus nannodes) within 1 yr of

reintroduction to Point Reyes, California (USA). These anomalies are consistent with previously
described mineral deficiency-induced anomalies in cervids. The elk were judged deficient in
copper. Low levels of copper in soils and vegetation at the release site, exacerbated by possible
protein deficiency due to poor range conditions, are postulated as likely causes of the antler

anomalies.
Key words:
field study.

INTRODUCTION

Two mature male and eight mature fe-
male tule elk (Cervus elaphus nannodes)
translocated from San Luis National
Wildlife Refuge, Merced County (37°10'N,
120°51'W), to Point Reyes National Sea-
shore, Marin County (38°20'N, 122°56'W),
California (USA), in March 1978 were re-
stricted to a 1.2-ha pen and provided di-
etary supplements of alfalfa hay prior to
their release to a 1,030-ha beef cattle ranch
within the Seashore in September 1978.
The eight elk cows produced nine live-
born calves while in the holding pen, al-
though two calves were lost perinatally to
undetermined causes. The entire herd ap-
peared to flourish through December 1978
(Ray, 1981). However, by May 1979, the
elk exhibited signs of copper deficiency as
described for sheep and cattle. These signs
included achromotrichia, rough and brit-
tle pelage, stilted gait and reduced repro-
ductive rates (three live-born calves from
eight cows). Antler anomalies were ob-
served in the two reintroduced mature bulls
and four yearling males in 1979. An adult
male and adult female died in May 1979.
Discussions with a local veterinarian re-
vealed that beef-cattle at the Point Reyes
release site regularly received dietary cop-
per supplements to prevent reproductive
problems, including birth of hairless calves
with deformed spinal columns as was ob-

Tule elk, Cervus elaphus nannodes, antler anomalies, mineral deficiency, copper,

served in the 1950’s (R. Fisher, pers.
comm.).

The surviving elk at Point Reyes were
provided with pelleted alfalfa feed, fresh
alfalfa and commercial livestock feed sup-
plements containing copper as copper ox-
ide including 13.6 kg of 12% Vonco Dairy
Pellets (maximum 2% minerals including
copper) and 2.3 kg of Comet 20% Pasture
and Roughage balance (0.003% copper)
(Bar Ale, Petaluma, California 94952, USA)
daily between mid-September 1979 and
early February 1980 and thereafter on al-
ternate days through April 1980, when they
ceased taking it.

MATERIALS AND METHODS

Carcasses of both adult elk dying in May were
necropsied within 1 wk of death. The surviving
adult male was immobilized with a combination
of 4 mg etorphine (M-99, Lemon Company,
Sellersville, Pennsylvania 18960, USA) and 35
mg of xylazine (Rompun, Haver-Lockhart Lab-
oratories, Shawnee, Kansas 66201, USA) and
transferred to a holding pen at Grizzly Island
State Wildlife Management Area, Solano Coun-
ty (38°10'N, 121°40'W), California, in early July
1979. At Grizzly Island, the animal received an
injection of 120 mg copper glycinate (Cuprate,
Burns Biotec, Oakland, California 94621, USA)
and a copper sulfate-enriched diet of pelleted
alfalfa feed and fresh alfalfa. It was subsequent-
ly released to free-range in April 1980. This
male was immobilized as above and serum sam-
ples taken in May and July 1980. The scavenged
carcass was not located until several weeks after
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the animal’s death at Grizzly Island in the fall
1981.

Necropsies were performed on a yearling fe-
male that died of natural causes, an adult female
that died under treatment and a yearling male
that died during an attempt to immobilize it.
Liver and serum samples were taken for analysis
of copper levels when possible. No analysis was
done for sex hormone levels.

The skulls of a mature male (PORE 312) and
a yearling male (PORE 319) that died at Point
Reyes in 1979 were preserved in the natural
history collection at Point Reyes National Sea-
shore (Point Reyes, California 94956, USA). The
left antlers grown by the surviving mature male
in 1979 and 1980 and cast in March 1980 and
1981 (PORE 481, 482) were also preserved. The
antlered skull cap of this male was mounted in
1981 and is presently in the Department of Fish
and Game administrative building at Grizzly
Island (Grizzly Island Wildlife Management
Area, California Department of Fish and Game,
P.O. Box 368, Suisun City, California 94585,
USA). All antlers used in this study were radio-
graphed at Marin Veterinary Clinic (Point Reyes,
California 94956, USA). Select radiographs were
examined by Dr. A. B. Bubenik (Thornhill, On-
tario, Canada L3T 3X7).

RESULTS

Both mature males exhibited a similar
pattern of antler anomalies. Antlers of the
male that died in 1979 appeared normal
in development of the proximal portion of
main beam and brow and bez tines, but
were then bilaterally malformed with an
anterior deviation of the beam ending in
a vertically oriented club (Fig. 1). This elk
died in July, prior to the normal shedding
of velvet. The more massive, cast, 1979~
1980 antler (PORE 481) of the surviving
male exhibited a sharp downward bend in
the main beam beyond the bez tine and
the distal portion of the beam was palmate
from which four small tines protruded (Fig.
2). The 1980-1981 antlers of this male were
more normal in appearance. Antlers for
1981-1982 were partially malformed and
considerably smaller than those of the pre-
vious year. A radiograph of the cast antler
from this mature male at Point Reyes in
1979 (PORE 481) showed a poorly devel-
oped cortex in comparison to the antler
grown by the same male at Grizzly Island
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Photograph of skull showing bilateral
deformed antlers of an adult male tule elk that died
at Point Reyes (PORE 312).

FIGURE 1.

the following year (PORE 482) (A. B. Bu-
benik, pers. comm.). The antler cortices of
PORE 481 were not only thinner than
PORE 482, but the adjacent trabecular
bone was coarser, suggesting osteoporosis,
and the central core was hollow rather than
filled with trabecular bone. This may re-
sult in long survival of the core after shed-
ding, an event caused by relatively low
testosterone secretion (A. B. Bubenik, pers.
comm.).

Spike antlers of the yearling male that
died at Point Reyes in 1979 exhibited a
slight bilateral corkscrew anomaly (Fig. 3),
as did the three surviving male yearlings.
This pattern of antler growth was not ev-
ident in yearling males at Point Reyes in
any other year through 1986 (Gogan, pers.
obs.).

Necropsy of the 1-wk-old carcasses of
the adult male and adult female that died
in May 1979 suggested the cause of death
may have been peritonitis associated with
osteophagia as diagnosed from many small,
sharp bone fragments in the abomasum (R.
Fisher, pers. comm.).
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FIGURE 2. Photograph of left antlers of adult male
tule elk with a deformed antler in 1979 cast at Point
Reyes (PORE 481) (upper), a more normal antler cast
in 1980 (PORE 482) (center) and a smaller, partially
malformed antler when the animal died at Grizzly
Island in 1981 (lower). Antlers were bilaterally similar
in each year. Photograph by Jerald Morse.

In July 1979, the surviving adult male
was emaciated, with its ribs and backbone
severely protruding. The animal’s hooves
were badly overgrown and its pelage was
pale and brittle. Its serum copper level was
0.3 parts per million (ppm). In May 1980,
the animal had gained weight and its se-
rum copper level increased 1.0 ppm. How-
ever, serum copper declined to 0.3 ppm
again in July 1980.

A yearling female died of undetermined
causes in mid-July 1979. It, too, was ex-
tremely emaciated. Necropsy of the <24-
hr-old, partially scavenged carcass re-
vealed no body, perirenal or cardiac fat.
The liver was very firm and the spleen
shrunken. The bone marrow was pale and
watery. Lung nematodes were present in
many bronchi but not in excessive num-
bers. The brain, heart and kidneys were
unremarkable. The rumen was full of in-
gesta but contained no bone fragments or
dirt. The cause of death was not deter-

FIGURE 3. Photograph of skull showing bilateral
corkscrew antlers in a yearling male tule elk that died
at Point Reyes in 1979 (PORE 319). Photograph by
Jerald Morse.

mined, but starvation and fibrosis of the
liver were identified as possible causes. The
liver copper level was 4.7 ppm dry weight
basis (dwb).

An emaciated adult female was immo-
bilized as above at Point Reyes and trans-
ferred to Grizzly Island in late August 1979.
A dose of 3 cc penicillin (Flo-Cillin, Bristol
Laboratories, Syracuse, New York 13221,
USA) and 120 mg copper glycinate was
administered via a nonbarbed syringe dart.
Approximately 6 min later the animal
swayed on its rear quarters, stumbled for-
ward and fell with the head and neck be-
neath her body. Examination revealed the
neck to be broken at the fourth vertebrae
and the animal was euthanized. The ani-
mal had been in poor physical condition
with overgrown hooves. Necropsy re-
vealed no subcutaneous, perirenal or car-
diac fat. The abomasum contained several
hundred well-worn bone fragments. The
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colon appeared thickened. The spleen and
lymph nodes appeared normal. The liver
was grey-colored and firm. The heart was
slightly enlarged on the right side and the
musculature appeared mottled. Other
pathological conditions were attributable
to injuries sustained while falling. The liv-
er copper level was 3.1 ppm dwb and se-
rum copper level 0.6 ppm.

A yearling male was struck in the ab-
domen with a barbed syringe in early No-
vember 1979 and died of peritonitis.
Necropsy showed the animal to be in fair
flesh with light subcutaneous, perirenal and
cardiac fat. Liver copper content was 10
ppm dwb.

DISCUSSION

Antler anomalies may be attributed to
(1) genetic causes (Goss, 1983); (2) injury
to the antler or contralateral hind limb
(Goss, 1983); (3) physiologic-nutritional
factors, including mineral imbalances
(Bubenik, 1966) possibly associated with
protein deficiency (French et al., 1956) and
imbalances of testosterone (A. B. Bubenik,
pers. comm.); and (4) failure of testoster-
one receptors at the velvet (Bubenik and
Weber-Schilling, 1986). The bilateral na-
ture of these deformities suggest they were
not caused by physical injury to the antler,
and injury to the hind limbs was not seen.
The fact that the deformity was not evi-
dent in the same individual in consecutive
vears suggested a non-genetic cause (Goss,
1983). Thus, physiologic-nutritional im-
balances were the likely cause of these de-
formities. Antler anomalies of the type re-
corded here have been associated with
imbalances of calcium and phosphorus in
C. elaphus (Bubenik, 1966, 1982). Nor-
mal-appearing but brittle antlers in tule
elk in the Owens Valley, Inyo County,
California (USA), have been attributed to
calcium deficiency (McCullough, 1969).
Captive white-tailed deer (Odocoileus vir-
ginianus) fed diets low in calcium, phos-
phorus and protein developed abnormally
short antlers with fewer points (French et
al., 1956).
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In Texas, low liver copper levels were
reported for four of seven white-tailed deer
with antlers ““. . . stunted, twisted, broad-
ened, or knobby at the tips” (King et al.,
1984). A local deficiency of an unidentified
trace element was proposed as a potential
cause of antlers in velvet in the fall and
atrophic testes in white-tailed deer in the
same area (Taylor et al., 1964). This anom-
aly was localized, but generally the inci-
dence increased following severe droughts
(Taylor et al., 1964).

Osteomalacia associated with copper
deficiency has been recorded in both do-
mestic and wild ungulates. Bone disorders
associated with copper deficiency in cattle
include osteoporosis, spontaneous bone
fracture, and delayed and incomplete cal-
cification of cartilaginous plates (Irwin et
al., 1974; Owen, 1981). Copper deficiency
in wild cervids has been reported as ataxia
in adult red deer (Barlow et al., 1964; Ter-
lecki et al., 1964; MacKintosh et al., 1986a),
osteoporosis in adult reindeer (Rangifer
tarandus) (Hyvarinen et al., 1977), and
irregular hoof keratinization and reduced
reproductive rates in adult moose (Alces
alces) (Flynn et al., 1977). It seems, there-
fore, that copper deficiency has the poten-
tial to cause antler deformities of the type
reported herein.

The adult male transferred to Grizzly
Island received injectable copper supple-
mentation initially and dietary supple-
ments through April 1980. Growth of the
more normal 1980-1981 antlers coincided
with the dietary copper supplements. The
diminutive and partially deformed antlers
of 1981-1982 (Fig. 2) were thought not to
have resulted from trace element defi-
ciency, but rather from the old age of this
animal (=14 yr) (Wolfe, 1982).

Rotation and ventral displacement of the
beam in the two mature males in 1979
suggested that the beams deviated ven-
trally under their own weight and were
subsequently mineralized in that position
(Bubenik, 1982). Radiographic results were
not entirely consistent with delayed min-
eralization attributable to trace element
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deficiency because antlers developed un-
der such conditions become “almost pet-
rified in tips and base” (A. B. Bubenik,
pers. comm.). The antler anomalies may
also have been due to inadequate levels of
testosterone or other complicating factors
(A. B. Bubenik, pers. comm.). However,
antlers grown under conditions of low tes-
tosterone levels do not shed their velvet
(Bubenik, 1982). All adult or yearling male
elk at Point Reyes shed the velvet from
their antlers in the fall. Thus, if the initial
inadequate mineralization and antler de-
formities were due to low testosterone, this
was corrected by the fall. The role of other
factors compounding the effect of copper
deficiency on antler growth was not de-
termined.

Liver copper levels in the elk that died
at Point Reyes in 1979 are indicative of
copper deficiency. Levels in tule elk at
Point Reyes contrasted greatly to values
reported between 84 and 142 ppm dwb
for tule elk at three other locations in Cal-
ifornia (McCullough, 1969). Values for elk
(C. elaphus subsp.) in Fiordland National
Park, New Zealand, averaged 69 ppm dwb,
while free-ranging red deer (C. elaphus
subsp.) outside the park averaged 132 ppm
dwb (Reid et al., 1980). The average value
for red deer from captive herds in the same
region, with some evidence of ataxia, was
11 ppm dwb (Reid et al., 1980). Female
red deer (C. elaphus elaphus) in Scotland
had an average liver copper level of 24
ppm dwb with a range of 3 to 108 ppm
(Cowie, 1976). Liver copper levels in all
red deer in the British Isles diagnosed as
ataxic were less than a suggested critical
level of 20 ppm dwb (Barlow, 1978). How-
ever, although no red deer on the Isle of
Rhum, Scotland, showed evidence of atax-
ia, 20% of the animals sampled had liver
copper values below 20 ppm dwb (Mc-
Taggart et al., 1981). Only two percent
had liver copper levels below 10 ppm dwb
(McTaggart et al., 1981). Liver copper val-
ues <18 ppm dwb have been identified as
diagnostic of copper deficiency in red deer
in New Zealand (MacKintosh et al., 1986b).

Similarly, levels of copper in serum sam-
ples are indicative of copper deficiency in
tule elk at Point Reyes. The serum copper
level in the surviving adult male immo-
bilized in July 1979 was below the value
of 0.5 ppm considered diagnostic of cop-
per deficiency in red deer (MacKintosh et
al., 1986b), and it was only marginally
above that value in the female that died
under treatment. This value is less than
one-half the critical value of 1 ppm for
moose (Flynn et al., 1977) or reindeer (Hy-
varinen et al., 1977).

Mean calcium (12%) and phosphorus
(21%) values in hair of tule elk at Point
Reyes were within the range of mean val-
ues for tule elk at other locations in Cali-
fornia (calcium 9 to 21%; phosphorus 5 to
40%) (Gogan, unpubl. data). However, in-
vestigations of copper values in liver and
serum in tule elk at Point Reyes from 1979
to 1981 indicated that the herd suffered
from a severe copper deficiency in mid-
1979. This was reversed by diet supple-
mentation in spring 1980 (Gogan, 1986).
However, the animals reverted to subclin-
ical deficiency (Bingley and Anderson,
1972) from summer 1980 through winter
1981 (Gogan, 1986). This deficiency in
copper was consistent with simple copper
deficiency due to low levels of copper in
the forage, soils and granitic parent ma-
terial, rather than complex copper defi-
ciency due to excessive amounts of mo-
lybdenum or sulfur-sulfates (Mills, 1980;
Akeson et al., 1982). In addition, copper
deficiency may have been exacerbated by
poor range conditions and forage compe-
tition between elk and beef cattle during
1978-1979 following a drought in 1976-
1977 (Gogan, 1986). Cattle were stocked
throughout the year at high densities (0.4/
ha) until their complete removal in No-
vember 1979 (Gogan, 1986). Elk at Point
Reyes consumed far more bush lupine
(Lupinus arboreus) between October 1979
and February 1980 than at any other time
through September 1981 (Gogan, 1986).
Mean copper content of this shrub (9.0
ppm dwb) is far higher than mean values
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for more typical elk forage plants such as
grasses (range 2.8 to 5.1 ppm dwb) and
forbs (range 1.2 to 6.8 ppm dwb) (Akeson
et al., 1982). High consumption of bush
lupine may indicate an inability to obtain
adequate nutrients, including copper, from
other sources. Similarly, levels of dietary
protein, estimated by percent fecal nitro-
gen (Lancaster, 1949; Kie and Burton,
1984), were lower in early October 1979,
the first month sampled, than in any other
month over the same period despite di-
etary supplements provided initially in
mid-September 1979 (Gogan, unpubl.
data).

The antler deformities recorded in tule
elk at Point Reyes suggest inadequate min-
eralization, likely caused by low levels of
dietary copper and possibly associated with
concurrent low levels of dietary protein.
It appears less likely that low levels of tes-
tosterone caused the deformities, given the
ability of elk at Point Reyes to shed velvet
from their antlers in the fall. Any inter-
actions between copper deficiency and tes-
tosterone levels is poorly understood. How-
ever, the generally poor nutrition measured
as low levels of copper and protein, pos-
sibly compounded by other unknown fac-
tors, is the most likely cause of malformed
antlers in tule elk at Point Reyes in 1979.
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