
the deliberate consumption of soil by animals (geo -
phagy) has been documented in many species, includ-
ing humans and other primates, ungulates, and birds
(Krishnamani and Mahaney 2000; Maheney et al.
2000). Several hypotheses have been put forward to
provide explanations for this behaviour, all relating to
either gastrointestinal disorders or mineral deficiencies
(Krishnamani and Mahaney 2000). Consumption of
certain clay-rich soils allows relief from diarrhea and
acts as a buffer against elevated levels of stomach acids
(Dominy et al. 2004). Soil consumption also frequent-
ly occurs in order to neutralize plant secondary com-
pounds, such as tannins (faber et al. 1993; Houston et
al. 2001). the minerals most commonly found in con-
sumed soils include sodium, calcium, magnesium,
potassium, iron, and aluminum (Wilson 2003). 

there is little information in the literature pertaining
to the nutritional requirements of hares (Lepus spp.);
although geophagy has been documented in this genus,
it is usually in relation to dietary sodium needs. faber
et al. (1993) reported on the utilization of salt blocks by
Mountain Hares (Lepus timidus) in Sweden and sug-
gested that increased use corresponded to increased
nutritional stress associated with reproduction and sea-
sonal dietary excesses of potassium. Incidents of soil
consumption for the purposes of obtaining iron are un -
certain; although arthur and Gates (1988) reported that
Black-tailed Jackrabbits (Lepus californicus) obtained
dietary iron from soil, the study did not conclude that
this was the likely purpose of soil consumption. Krish -
namani and Mahaney (2000) noted, however, that most
soils eaten by primates are reddish in colour and con-
tain iron oxide. 

the dietary iron requirements for rabbits and hares
(Leporidae) are largely unknown. Iron is nonetheless
an important mineral and plays several physiological
roles in mammals, including oxygen transport. New
Zealand White (domestic Oryctolagus cuniculus) does
given supplemental iron sulphate responded to treat-
ments with increases in maternal weight and litter size
at birth and weaning; reduced mortality at birth and
weaning; and increases in kit weight at weaning, milk
yield, and levels of maternal plasma progesterone and
estradiol-17β (El-Masry and Nasr 1996). these findings
suggest an overall increase in reproductive perform-
ance with iron supplementation.

the purpose of this study was to investigate, through
the analysis of soils, fecal pellet samples, and wildlife
camera data, the suspected occurrence of geophagy by
Snowshoe Hares (Lepus americanus) at an iron-rich
mineral excavation in north-central British Columbia
that we discovered in the spring of 2001. 

Methods
Site characteristics

the site is located on the northwest-facing bank of
a mineral lick in the John Prince Research forest
(54°35'N, 124°35'W), 50 km northwest of fort St.
James, British Columbia. the cavity appears to be
natural, having been partially excavated by animals
through to mineral soils, but not into parent materi-
als. the excavation was not made by people. the site
is located in a spruce–pine (Picea–Pinus) stand ~120
years old in the Dry Warm Sub-Boreal Spruce biogeo-
climatic subzone (SBSdw) (Meidinger et al. 1991) at
an altitude of 791 m above sea level. Soils in the area
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are composed primarily of orthic gray luvisols, which
are neutral to slightly alkaline. the excavation was
located beneath the root structure of a 35-year-old hy -
brid White Spruce (Picea glauca × engelmannii) tree,
and the dimensions of the cavity, as measured in the
spring of 2003, were 22 cm deep by 30 cm wide by
16 cm high. 

using microscopy, we sorted soils and measured
particle sizes to the nearest micrometer on a homoge-
nized subsample of 13.98 g of a handful of the mate-
rial we collected in the spring of 2003. We also used
microscopic hair analysis of samples of hairs that we
collected from the rim of the excavation opening in
an attempt to determine species moving in and out of
the excavation. 
Data collection and analysis

Photo data were collected from the late summer of
2003 through february 2005 using a trailMaster
tM1550 infrared trail monitor. the camera was mount-
ed in a tree approximately 5 m from the mouth of the
excavation and 1.5 m above the ground. Because the
date and time imprinter on the camera was not func-
tioning, photos were classified as either night or day
based on the light conditions in the background of the
photo. Season was assessed using date of film collec-
tion and the progression of plant phenology in the pho-
tos: mid-November through early March was classified
as winter; mid-March to the end of May was classified
as spring; and June through mid-November was clas-
sified as summer and autumn combined due to the
small number of photographs taken during that period. 

fecal pellets were collected in february of 2004 and
2005 from three different sampling areas: those col-
lected within a 20-m radius of the excavation were
classified as “excavation” site; pellets collected from
1–2 km from the excavation were classified as “con-
trol near,” and samples collected farther than 2 km
away (range 2–156 km) were classified as “control far.” 

Pellets were dried for 7 days at 20°C under a fume
hood to a constant weight, then ground with a mortar
and pestle, and analyzed for mineral content along with
samples from the soil itself using an inductively cou-
pled plasma (ICP) analyser. 

Because there was extensive evidence of Snowshoe
Hare browse on current annual shoots of Prickly Rose
(Rosa acicularis) in the study area, we collected cur-
rent annual shoots of this plant (~20 individual plant
specimens) in february of 2004 and dried and ground
them for ICP analysis. Samples were taken only from
the control near sites because there was no evidence of
browsing on any plant species at the excavation site
itself.

Iron (II) sulphate concentration differences in feces
were compared among sample areas using a two-factor
analysis of variance with year and distance category
as main and interaction effects. a tukey’s honestly sig-
nificant difference (HSD) test was used for post-hoc
comparisons (Gotelli and Ellison 2004). We specified

an alpha level of P < 0.05. all analyses were conduct-
ed using Statistica 9.0 (Statsoft 2009).

Results
using adorjan and Kolenosky (1969), we identified

hair samples collected from the opening of the exca-
vation as those of Snowshoe Hare. We classified all
aggregate materials from the excavation as subangu-
lar blocky (Expert Committee on Soil Survey 1983)
and determined that the soil was composed of several
elements, but contained 86% iron. Soil particle sizes
ranged from a fine powder to up to 2.5 cm in diameter
with a mean particle size of 1.227 mm (SD 4.206). 

of 348 photographs recorded between late summer
2003 and february 2005, 130 contained images of ani-
mals. of these, Snowshoe Hares were the most often
photographed (figure 1, table 1). table 1 details the
occurrence of mammals at the site of the excavation.
two Canada Lynx (Lynx canadensis) were observed
in the winter of 2003, and a pair of Snowshoe Hares
was observed in april of 2004. 

analysis of fecal samples indicated levels of iron
(II) sulphate were higher in samples from the exca-
vation site than from the controls in both 2004 and
2005 (f1,2 = 7.795; P = 0.003; figure 2). there were
no differences between years (f1,2 = 1.617; P = 0.216)
and there was no interaction between area and year
(f1,2 = 0.932; P = 0.408;). tukey’s post-hoc compar-
isons indicated that differences existed specifically
between Control far 2004 samples and Excavation
2005 samples (P = 0.012) and between Control far
2005 and Excavation 2005 samples (P = 0.013). the
levels of iron in Prickly Rose samples were not high-
er than the levels of iron that we found in feces, and
levels in Prickly Rose were similar in all collection
locations. 
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fIGuRE 1. Snowshoe Hare (Lepus americanus) (circled) photo -
graphed at a mineral lick in the John Prince Research
forest, northwest of fort St. James, British Columbia.
the camera was set to take photographs of animals
entering and exiting the iron-rich mineral excavation
(arrow) over a 1.5-year period (Winter 2004).



Discussion
Camera trap data from our study site indicate that

Snowshoe Hares were the most common species us ing
the excavation and that their activity was predominant-
ly nocturnal, with 90% of visits occurring at night. Min-
eral consumption by other animals at mineral licks also
tends to be a night-time activity (fraser and Reardon
1980; tankersley and Gasaway 1983; Couturier and
Barrette 1988; Voigt et al. 2007). We found no evidence
that this area was being used as a daybed or nursery or
for cover by Snowshoe Hares or other animals. Rather,
materials in the excavation appeared to be continually
disturbed rather than matted or compacted with use. 

Peak activity was recorded during winter and spring.
this time frame corresponds to periods when Snow-
shoe Hares have reduced access to high-quality forage
and may be under increased nutritional stress (Hodges
et al. 2006). Murray et al. (1998) speculated that in
years of peak Snowshoe Hare population numbers,
nutritional stress can be exacerbated by increased intes-
tinal parasite loads. Because iron supplementation can
significantly reduce parasite loads (olsen et al. 2000),
increased iron consumption through geophagy may
help to improve body condition during periods of nutri-
tional and reproductive stress that coincide with win-
ter and spring. 

the photograph of a pair of Snowshoe Hares at the
excavation site in spring 2004 suggests that the time
period of use may correspond to reproductive events.
the breeding season for Snowshoe Hares may extend
up to seven months (March–September) across their
geographical range and is strongly associated with
photoperiod (Murray 2003). the onset of ovulation in
Snowshoe Hares appears to be affected by environ-
mental and ecological factors. for example, Vaughn
and Keith (1981) demonstrated that overwinter body
mass loss in female Snowshoe Hares is correlated with
delays in the onset of conception in spring. this implies
that the nutritional fitness of females affects breeding
readiness (Murray 2003). El-Masry and Nasr (1996)

report improved reproductive performance for rabbits
fed supplemental iron in all parameters measured, and
these findings may hint at why Snowshoe Hares target
these soils. Images of other mammals from our cam-
eras indicate that the excavation may also be of bene-
fit to others.

Snowshoe Hares in the northern boreal forest nor-
mally eat willow (Salix spp.), birch (Betula spp.), soap-
berry (Shepherdia spp.), and White Spruce (Picea glau-
ca) branchlets (Hodges and Sinclair 2003); however,
in the study area, most evidence of browse was on
Prickly Rose, despite the fact that those species men-
tioned above appear to be in good supply. We did not
detect elevated iron levels in Prickly Rose and there-
fore do not ascribe the increased iron levels in fecal
pellets to this source. 

Mahaney et al. (1997) found that 0.15–0.20% of iron
in soils consumed by chimpanzees could be extracted
with an acid of the same pH as that of the digestive
tract, making it a bioavailable iron. Iron in soils could
therefore be an important nutritional source for Snow-
shoe Hares. Black-tailed Jackrabbits in Idaho were
reported to have obtained 75% of the iron in their diet
from soil consumption (arthur and Gates 1988). We
therefore suggest that increased iron levels in fecal pel-
lets we sampled may be due to consumption of iron-
rich aggregate by Snowshoe Hares at the excavation
site. 

the mean home range size for Snowshoe Hares is
~12.8 ha, with core use areas (50%) of 1.4 ha (de
Bellefeuille et al. 2001). a significant difference be -
tween the fecal iron levels in the pellets from the exca-
vation site and the pellets from the control far sites indi-
cates that only the Snowshoe Hare pellets collected
from within an approximate home range distance from
the aggregate showed increased iron levels. this may
be attributable to differences in iron levels of plants and/
or soils that Snowshoe Hares were consuming within
these different home ranges, but was beyond the scope
of this study to investigate in any detail. If geophagy
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taBLE 1. Number of photographs recorded (n) by species and season; time of day is the percentage of total pictures of that
species in the particular season. Number is beam breaks resulting in photographs, and does not necessarily represent inde-
pendent occurrences. Photographs taken in summer and autumn are combined due to small numbers recorded. In some
instances, photographs were triggered by weather events and therefore did not contain photographs of animals.

Winter Spring Summer and autumn
Photos Day Night Day Night Day Night annual

Species (n = 130) (%) (%) (%) (%) (%) (%) total
Snowshoe Hare
(Lepus americanus) 94 4.5 44.5 4 43 2 2 100
Red Squirrel 
(Tamiasciurus hudsonicus) 17 23.5 – 76.5 – – – 100
Moose
(Alces alces) 10 – 70 – 30 – – 100
Deer
(Odocoileus spp.) 7 – – 85.7 14.3 – – 100
Canada Lynx 
(Lynx canadensis) 2 – 100 – – – – 100
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was not occurring, it might be expected that fecal iron
levels would have been similar throughout the study
area, but of course that would depend on several factors
(e.g., rock provinces, soil types) that were not exam-
ined. 

Because the preferred habitat of Snowshoe Hares
is mid-seral stage forests (10–25 years) (Potvin et al.
2005) and the excavation exists in an old-growth for-
est ~300 m from younger forest stands, it appears that
Snowshoe Hares were visiting the location to gain ac -
cess to the iron-rich soil. Documentation of Canada
Lynx at the excavation indicates that there is a poten-
tial risk of predation for the Snowshoe Hares that use
the site. the fact that the Snowshoe Hares use the site
regularly suggests that the site must be relatively impor-
tant. 

at less than 1300 m above sea level, the altitude in
the John Prince Research forest is not considered ex -
treme. animals at high altitude (>2500 m) may have an
increased need for iron to replenish hemoglobin due
to increased oxygen demand (Mahaney et al. 1997),
but that does not provide a plausible explanation for
soil ingestion in this location.

Iron-mineral hunger primarily appears to be a trop-
ical–subtropical phenomenon (Mahaney and Krish-
namani 2003), but according to our research it may also
occur in north-central British Columbia. future re -
search will be needed to ascertain more clearly whether
the mineral aggregate is being eaten by Snowshoe

Hares. this could be partly accomplished by using
newer video camera recording technologies. a less
observational approach through destructive sampling
of Snowshoe Hares and stomach content analysis could
also be performed. Labeling the iron aggregate with a
marker or dye that could be definitively identified in
fecal pellets might prove useful. Blood samples could
be taken from Snowshoe Hares near the excavation
site and analyzed for serum iron levels and then com-
pared to levels from Snowshoe Hares in control loca-
tions to determine if mineral absorption is occurring
from soil ingestion. the mineral and nutritional com-
position of the complete local Snowshoe Hare diet,
including levels of secondary plant compounds, should
be determined while also considering the current phase
of the population cycle and parasite loads in the area. 
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