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Ansrnlcr. - During spring

1992 in the western Mojave Desert, California, I measured desert tortoise
(Gopherus agassizii) diet and monitored the flowering phenology of all study site plants. Rainfall
between January and March 1992 was well above average and nearly all plant species from the area
flowered. Although tortoises ate at least 44 plant species, only 10 species comprised 8l.4%o of their
diet. These preferred plants flowered at different times, which led to much temporal variability in
tortoise diet. Tortoises preferred succulent to dry plants, and selected plants during certain
phenological states, suggesting that plant palatability varied with phenological state. Tortoises
selectively ate plant parts (e.g.,leaves or flowers) suggesting that plant parts differed in palatability
and/or nutrition. Although the nutritional importance of these preferred plants has yet to be
demonstrated, the loss or diminished abundance of native plants through replacement by exotic
species may adversely affect tortoise nutrition and conservation.

Krv Wonns. - Reptilia; Testudines; Testudinidae; Gopherus agassizii; tortoise; ephemeral plants;
flowering phenology; foraging ecology; herbivore; nutritional ecology; rainfall; western Mojave
Desertl California; USA
Desert tortoise (Gopherus agassizii) populations in the
western Mojave Desert have suffered severe declines over

the past few decades (U.S. Fish and Wildlife Service
[usFws], 1994; Beny , 1997). Although rorroise mortaliry
in affected populations has been attributed to myriad factors
(USFWS, 1994), the upper respiratory tract disease syndrome is believed to have been a major force driving this
decline (Berry, 1997). Because disease susceptibility in
desert tortoises may be linked with diet (Jacobson et al.,
l99l ), population recovery will benefit from a better understanding of tortoise nutritional requirements.
In the western Mojave Desert, desert tortoises forage on

annual and herbaceous perennial plants (Berry, 1978;
Jennings, 1993; Jennings and Fontenot, 1993; Spangenberg,
1994). Because ephemeral plant biomass during spring
depends upon the previous autumn and winter rains (Beatley,
1969), little biomass is produced following dry winrers
while in spectacular contrast the desert is lushly carpeted by

wildflowers after wet winters. The longevity of adult tortoises, which is on the order of decades (Woodbury and
Hardy, 1948; Germano, 1992), shows that these animals are
able to withstand the year to year vagaries in food and water

availability. The wet years seem to contribute the most to
individual growth (Medica er al., 1975).
Phenology of ephemeral plants adds complexity to
within-season forage availability. For example, the flowering of ephemeral plants in the western Mojave Desert
appears not to be simultaneous, but rather a chronological
sequence spanning the entire spring (Jennings, 2001). This
phenological sequence in flowering ephemerals has also

been observed at other desert localities (Beatley, 197 4;
Burk, 1982; Vidiella et al., 1999). Thus food planr availabil-

ity may be temporally variable within years and possibly
predictable from a tortoise's perspective. Another potential
consequence of flowering phenology is that the palatability
and nutritiousness of plants could vary among the phenological states of plants (Nagy and Medica, 1986; Nagy et al.,
1998). Studies of tortoise foraging ecology should therefore
span the entire tortoise activity season so that changes in
tortoise diet as well as changes in the phenological states of
their food plants can be monitored.
Jennings ( 1993) demonstrated that adult desert tortoises in the western Mojave Desert during spring l99Z
did not eat plant species in relation to their availability,
and they exhibited marked seasonal variation in diet. The
purpose of this paper is to develop the latter result by
describing the seasonal variation in tortoise diet in light
of the phenology of their preferred food plants, which
hopefully will lead to a better understanding of their
nutrient requirements.

METHODS
This study was conducted between I March and 2l June
1992 at the Desert Tortoise Research Natural Area (DTNA),

a 100 km2 nature preserve located in the western Mojave
Desert, Kern County, California. I gathered data on tortoise
diet and flowering phenology from the northwest corner of
the DTNA, anareawith elevations ranging from 800-915 m.
The vegetation community was comprised of creosote bush
scrub (Vasek and Barbour, 1988), which overlies various
landforms including flat sandy areas, sandy washes, and
low-rocky hills (Jennings, 1993). Annual precipitation occurs primarily during the winter months (1937-99 datafrom

CHEr-oNrnN CoNSERVATToN AND BroLoGv, Volume 4,

354

the nearest clirnate station, Randsbur-e; National Climate
Data Center INCDC], 2000).
Tortoise diet was estimated from direct observations of
l6 free-rangin-e adult tortoises (8 males and 8 females) ,14 of
which were equipped with radiotransmitters for concurrent
studies involving the physiolo-eical ecolo.-9y and health of
wild desert tortoises (e.g., Peterson, 1996; Henen et al.,
1998; Christopher et al., 1999; Wallis et al., 1999).I also
observed two additional tortoises encountered opportunistically during spring 1992. Dietary observations were recorded as follows. Each mornin.-e, a study animal was located
usin..e radiotelemetry before that individual emer.-eed frorn its
cover site (i.e., burrow or shrub) to cornrnence fora-eing.
Individuals usually had two daily fora._ein-e bouts (i.e., lnorning and afternoon), but occasionally foraged once, or not at
all, on any given day. Daily foragin-e data were usually
obtained frorn a single animal with a recordin-e of all food
items taken by that anirnal on that day. Once the tortoise
emerged, I then followed the individual at distances of 4 to
8 m to observe all foraging behaviors yet to minirnize animal
disturbances. When a tortoise was observed feeding, the
plant species, plant parts consumed (i.e.., stems, leaves,
f-lowers, and seeds), number of bites taken. whether the plant
was in a succulent or dried state, and the date and tirne were
recorded on a micro-cassette recorder. Plants were consid-

ered "succulent"

if they were

-qreen

and "dry"

if they were

brown. Nomenclature for plant species follows Hickman
ee3).
Data on flowerin-e phenology for annual and perennial
species were obtained thror-rgh daily observations of plants
on the study site. Flowering phenology of each species was
partitioned into five stages: emergence (ephemerals only):
plant shoots ernerged above the surface, first .flovvering:
rrrinority of individuals in flower, peak .flow'erirtg: most
individuals in flow er: post-peukflovvering: majority of indi(

r

viduals still succulent but few still in flower; and clriecl:
majority of individuals completely dry or, in the case of
shrubs, completely in seed with no flowers remaining (see
Jennings. 2001).
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I evaluated the influence of plant phenology on tortoise
diet in two analyses. First, I compared the number of bites,
per week, taken by tortoises on their top ten fora-ee species
to the species-specific "phenolo.-ey profiles." These phenology profiles indicate when in the spring 1992 the various
phenolo-eical sta-ees of each food plant were available to
tortoises. The goal of this analysis was to ascertain the
de.-9ree by which tortoises were focusin.-e their attention on
particular phenological states of their preferred food plants.
On a finer scale, I detennined whether or not tortoises
tar_eeted certain parts of plants for conslllnption. In this
analysis, I partitioned the above-.-qround plant form into four
categories (parts): stems, leaves. f-lorvers, and seeds, so that
the freqllency of use of these plant parts by tortoises could be
tabulated. I quantified overall consulnption of each plant
part durin-9 spring 1992 by countin-e the number of plants in
which at least a single bite on a given plant part was taken by
a tortoise.

RESULTS
The western Mojave Desert received above average
precipitation in early 1992, as the Randsbllr.-q weather station
recorde d 134.5 rnm durin..9 February and 78.3lnm in March,
tar exceeding the monthly averages of 32.5 mm and 24.4 mm
tor these two months (NCDC. 2000). This heavy rainfall
resulted in the germination and flowering of at least I I
species of annuals and herbaceolls perennials and 7 species
of shrubs on the study site. Study animals erner-qed from their
burrows betwe en 24 March and 2 April, then began fora.-9ing. Followin-e emergence from hibernation, tortoises continued almost-daily fora-ein.-q bouts until June 21 by which
time all study animals had become inactive inside their
respective burrows. The l6 study animals were observed to
take 35,388 bites from 2423 individual plants.

Although tortoises sampled at least 14 species of
plants, only l0 preferred species (7 annuals and 3 herbaceous perennials) cornprised the bulk (81.47o) of their
diets (Table I ). This sumlnary,however, obscures within-

Table 1. Top l0 preferled species of plants* in deselt tortoise diet during splin-e I 992 at the DTNA.
Species
Lottt s h

urtt i,st

t'ttt

u,s

Mirabilis bigelovii
C

I

t

a rn a

e.t-\'ce

a Ib

rnna r g i rt ctt rt

Astragctlus lottteae
P re

ntutt

he

II

a e.r i g uct

s di clt'm 0c 0 rp u s
C a rn i,s s ort i ct b ooth i i
E ro cl i u r tt c' i c r t t cu'i urtt
C h o ri :,ctrtt lt e b rev i c o nt u
P lru c e I i a ta rtctc' e t ifol i ct
Ast ra gctl

Totals

u

Common Name

Family

Lif-e Fornr

Hairy Lotus

Fabaceae

Annual

Four O' Clock

Nyctagiltaceae

Rattlesnake Weed

Er-rphorbiaceae
Fabaceae

Herbaceous
Herbaceous
Herbaceous

Layne Locoweed
Egbertia

Asteraceae

Annr,ral

Two-seeded Milkvetch
Booth's Evening Primrose

Fabaceae
Ona-graceae

Annual
Annual
Annual
Annual
Annual

Stork's Bill

Geraniaceae

Brittle Spineflower

Poly-eonaceae

Lacy Phacelia

Hydrophyllaceae

No.

Bites

105 12
Perennial 3820
Perennial 3801
Perennial 2902
t97l
1623
t361
il 50
919
7 t0

28781

7c Bites

29.7
10.8
10.7
8.2

5.6
4.6
3.9
3.3

2.6
2.0
81.4

'kOther foods eaten by tortoises by decreasing numberof bites included: dead leopard lizard(Gcunbelicnt'isli:enii),695bites(2Vo):
Antsinckict tessellata,590 bites (27a)1 Ct1'ptantha circ'wncissn, 561 bites (2Vc); Pltntago ot'ateu 430 bites (l%o): Mentzelln spp.,
428 bites (lVc): Eriastrunt erenticum,404 bites (lVo): Gilia minor, 342 bites ( l%); Sr1'locline nticropoides, 334 bites ( l7o);
unknown plant material, 322 bites (l%o): and Ccunissottict pulnrcri,266 bites ( I %).
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Figure 1. Temporal variation in tortoise diet and flowering phenology ofthe top 10 preferred forage plants. Vertical bars on each graph
represent the numbers ofbites perrveek on a particular planispecies. Horizontal birs af the top ofeacfi giaph show the flowering phen5loly
stages of the.same plant- (from left to_right: plain white bar = emergence; white bar with thin diagonil dirk lines
= Srst flowZiing; white
lar ytlh thick diagonal li.vlss = pe.ak floiering; dark bar with whitJ diagonal lines = pasr-peak flSwerhtgi and blac{ bN = drpd (sei text
for definitions of these phenological stages; tfter Jennings, 2001).
season variation in tortoise diet. Tortoises primarily fed
Tortoises focused their foraging efforrs on specific
upon individuals of Phacelia tanacetifulia and Mirabilis phenological stages of their preferred food plants. For in-

bigelovii during early spring before switching to Astragalus didymocarpus, Lotus humistratus, and,
Prenanthella exigua in middle spring then later eating
ChorizanthebrevicornuandChamaesycealbomarginata
near the end of spring (Fig. l). Several other plants,
Camissonia boothii, Astragalus layneae, and Erodium
cicutarium, were eaten by tortoises throughout spring
(Fig' 1).

stance,tortoisesfedfromindividuals of p.taiacetifulia,M.
bigelovii, A. layneae, C. boothii, and E. cicutarium atthe

earliest possible opportunity when these plants were in the
emergence or first flowering stages (Fig. l). Other plant

speciessuchasA. didymocarpus,L.humistratus,p.exigua,
C. brevicornu, and C. albomarginata were not consumed

until these plants progressed into peak flowering and even
past-peak flowering stages (Fig.

l).

Regardlesi of when
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Table 2. Frequency of consumption of plant parts by deselt toltoises at the DTNA during sprin-e 1992. Values represent the numbers of
plants eaten. Common names for each species are given in Table l.
Total

Species

Lottts hutnistt'ltus
Mirabili.s bigellYii

l

008
40

oe.n'cc a I b orn a r g i tt 0t e
Astragctlus lattteae

r0l

PrenarrtheIIa exiguct

134

C h ant

Ast ra gctl

u

s d i clt'tn 0 c ct t'p tt s

Cantissortitt boothii
E ro cl i unt c i c' ut 0 r'i turr
nt u
P h a c e I i a ton a c e t i.fol i a
C h o ri :,ctnth

e b rev

ico

l2
t26

l6l

206
56
35

tortoises initiated their consLrmption of preferred food plants
they abruptly ceased to feed on any plants that had advanced
to a dried state (Fig. l). In fact, dried plants only comprised
4.27o of all tortoise diet and tortoises did not be-qin eatin,_e
dried plant material until the last few weeks of spring, & time
when most plants on the study plot were dry.

The frequency of consumption of different plant parts
may provide insights into the timing of tortoise preference of
these plants during spring. Tortoises ..qenerally consumed
the stems, leaves, and flowers of their prefened plants,
though sorne peculiarities in plant part selection were also
observed (Table2). Forexample. the flowersof M. bigelovii,
A. loynecte, C. boothii, and E. cicutariurtt seemed to be
consumed far less often than stems and leaves on these plants
(Table 2).The flowers of M. bigelovii and A. layneoe may

have been too difficult to reach by tortoises because the
flowers on these herbaceous perennials tended to grow well
above ground. This explanation cannot apply to C. boothii,
as tortoises invariably bit off the flowers of these plants and
allowed them to drop to the ground uneaten. Seeds were
generally not eaten, exceptions including L. humistratus, P.
exigua, and E. cictttarium (Table 2).

DISCUSSION
The western Mojave Desert received higher than average rainfall during winter 1992 (Jennin-qs, 2001). Frorn the

perspective of a tortoise, spring 1992 must have been an
outstanding year regarding food and water availability because nearly all species of plants known to occur on the study

site flowered and became available as potential forage.
Emergence and flowering of some ephemeral plants was
well underway by the time tortoises emer.-eed from hibernation and were available for forage until the end of June when
tortoise aboveground activity ceased (Jennings, 1993). I did
not monitor tortoise activity over the summer months, so it
is unknown to what extent further foraging occurred. However, because only a trace amount of rain fell in the area
during summer 1992 (NCDC, 2000), and since summer
tortoise activity is believed to be dependent upon summer
rainfall (Nagy and Medica, 1986). as occurs in the eastern
Mojave Desert (Turner. 1982), it seems unlikely that much
foragin..e could have taken place at the DTNA during this
time. Marlow (1979), who studied tortoise behavior and

Stems
r

008
38
l0 r
s6
t31
t23
I l0
103
56
28

Leaves

Flowers

Seeds

008
10

r68

999

I

l0l
69
0
123
148

l6
l0r
23
133

I
I

0

lt4

12.6

0

34

104
55

30

2l
t52

4t

0

2l

29

I

physiolo-e) at the DTNA between 1969-197 8, also noticed
that peak foraging activity occurred durin-e spring' this was

followed by

a

dramatic slowdown in activity in early sun't-

rner, which in turn led to a long period of little activity lasting

until the following spring.
Despite the tremendous availability of potential food
plants throughout spring tortoises concentrated their foraging efforts upon a small fraction of the ephemeral flora. Only
l0 species of plants accoLlnted for more than 807o of tortoise
diet. The flowering phenolo-eies of these preferred plants
were quite variable, with some plants corning into full bloom
in early spring, others in mid-spring, and still others in late
spring (Jennings, 2001 ). Tortoises kept pace with this turnover of preferred foods resulting in dramatic seasonal variation in their diet. Data indicate that the flowering of plants
durin.-e spring occurs as an orderly sequence with each
species f-lowering at a specific time (Jennings, 2001). If the
flowering phenologies of epherneral plants occurred in such
a recurrent rnanner, then tortoises may effectively predict
when to locate preferred foods, thereby economizrng their
daily fora.-eing efforts and behavior in general.
Although tortoises usually ate preferred plants in entirety, they tended to target these plants during particular

phenological sta.-ees, thereby suggestin..e that the different
phenological states may have varied in palatability (and
possibly nutritional value) to tortoises. For example,, tortoises ate some plants in their emergence stage, namely M.
bigelot,ii and C. boothii, thereby primarily consuffling the
vegetative portions of these plants. not the flowers and
seeds. The apparent rejection of certain plant parts by

tortoises may be explained by either inaccessibility to
high-,_erowing flowers on relatively large forage plants
(i.e .. M. bigelovii and A. lotrteae) or possibly on palatability -erounds (i.e.. C. bootltii ). Why, for instance, do
tortoises bite off and then reject the flowers of C. boothii

without eating thern?
Consuming succulent plants usually enable tortoises to

maintain water and nitro-een budgets, whereas eatin-e dry
plants may callse water and nitro..een deficits (see Nagy et al..
1998). Thus, it is not surprisin-e that tortoises -eenerally
pref-er. when available. succulent as opposed to dry forage
plants (Nagy and Medica, 1986: Jennings and Fontenot,
1993; Spangenberg , 1994). In the present study, comparisons between the phenologies of the preferred plants with
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the dates when tortoises consumed them showed that tortoises precisely stopped eating individuals of a particular
plant species once the plants became dry. Interestingly,
Nagy and Medica (1986) discovered that tortoises in the
eastern Mojave Desert actually became osmotically stressed
by a spring diet of succulent plants. Notwithstanding, succulent forage plants must somehow be more beneficial than
detrimental to tortoises, perhaps in the long-term, despite
apparent short-term osmotic imbalances caused by their

consumption. Indeed, physiological studies of desert
tortoises suggest that individuals can tolerate temporary
imbalances in nutrients to withstand the harsh desert
environment and maintain nutrient balances to grow and
reproduce in the long-term (Nagy and Medica, 1986;
Peterson, 1996; Henen, 1997).
The results of this study underscore the importance
of observing foraging tortoises throughout their activity
season, otherwise perceptions of tortoise dietary habits

may be incomplete owing to the variable flowering
phenologies of forage plants. of equal importance may
be the documentation of flowering phenologies for primary forage plants as differences in nutritional states of
plants may change with age. Tortoises in this study
exhibited food preferences at the level of plant species,
phenological state of a plant, and plant parts. This selective foraging behavior implies that the palatability, and
possibly nutritive value, of plants varies among plants
and their parts (Nagy et al., 1998).
Although at least 7l species of ephemeral plants
were available for forage, over 807o of tortoise diet was
based on only 10 plant species. Tortoise dietary require-

ments may therefore be quite specialized, at least for
populations in the western Mojave Desert. An implication of such apparent selectivity is that habitat degrada-

tion leading to the loss or diminished abundance of
preferred plants could have deleterious consequences for
tortoise health. For example, proliferation of exotic annual plant species such as Schismus spp. and Bromus spp.
in the Mojave Desert (Brooks, !992; Jennings, 1993;
Esque, 1994) may be negatively impacting narive ephemeral species either through competition (Brooks, 2000)
or aiding fire propagation in an environment where fire
was historically absent (Jennings, 1997; Brooks, 1999,
2002). Indeed, the 10 preferred planr species identified in
this research occur in extremely low densities and are
therefore vulnerable to extirpation (Jennings, T993).
Further evidence that these plants may be extremely
important to the welfare of tortoises comes from observations of the truly astounding abilities of tortoises to
successfully locate these rare plants (Jennings, Ig93).
Discovering these subtle but potentially critical details
of tortoise foraging ecology is only the first step in
comprehending tortoise ecological and nutritional requirements. Nutritional assays (including water content)
of desert plants can then address tortoise foraging ecology in finer detail, which may ultimately explain why
tortoises are so selective in their diet.
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