
Implications of desert rodent seed
preferences for range remediation

Item Type text; Article

Authors Longland, W. S.; Bateman, S. L.

Citation Longland, W. S., & Bateman, S. L. (1998). Implications of desert
rodent seed preferences for range remediation. Journal of Range
Management, 51(6), 679-684.

DOI 10.2307/4003612

Publisher Society for Range Management

Journal Journal of Range Management

Rights Copyright © Society for Range Management.

Download date 24/05/2023 20:21:37

Item License http://rightsstatements.org/vocab/InC/1.0/

Version Final published version

Link to Item http://hdl.handle.net/10150/643959

http://dx.doi.org/10.2307/4003612
http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/643959


J. Range Manage. 
51:679+X4 

Implications of desert rodent seed preferences for range 
remediation 

WILLIAM S. LONGLAND AND SHERYL L. BATEMAN 

Authors are ecologist, U.S.D.A., Agricultural Research Service, University of Nevada, 920 Valley Road, Reno, Nev. 89512, and graduate research assistant, 
Program in Ecology, Evolution, and Conservation Biology, University of Nevada, Reno. Nev. 89557. 

Abstract 

Many desert plants germinate and establish from seed caches 
made by granivorous rodents. As a preliminary test of the feasi- 
bility of using rodent seed-caching activities to enhance seedling 
emergence of native desert plants, we tested desert heteromyid 
rodents for preferential consumption and/or caching of native 
(“target”) seeds versus a commercial (“decoy”) seed. The 
target/decoy seed concept relies on rodents caching both seeds, 
and preferentially consuming an inexpensive decoy seed as a sac- 
rifice to reduce consumption of less preferred target seeds. We 
used cafeteria-style, paired seed choice trials to test 2 potential 
target seeds known to germinate from rodent scatterhoard caches 
(Indian ricegrass, Achnatherum hymenoides [R. & S.] Barkworth, 
and four-wing saltbush, Atriplex cunescens [Pursh] Nutt.) against 
a potential decoy seed (millet, P&cum miliaceum L.). Millet was 
highly preferred to saltbush, and may indeed be a useful decoy 
seed when saltbush is the target of range restoration. Also consis- 
tent with the target/decoy seed concept, more Indian ricegrass 
than millet seeds were cached in laboratory trials, and all seeds 
were cached in scatterhoards more than in larderhoards, where 
the probability of seedling emergence is negligible. However, mil- 
let seed may not always be a good candidate for a decoy seed, as it 
was not preferred to Indian ricegrass and was cached more fre 
quently than saltbush. Overall, we fmd results of these choice tests 
to be encouraging for applying the target/decoy seed idea. We 
consider the relative merits of this idea versus traditional revege- 
tation techniques. 

Key Words: Achtuztherum hymenoides, Atriplex canescens, kan- 
garoo rats, pocket mice, seed caching 

North American deserts harbor a diverse array of animals that 
specialize to various degrees on diets of seeds. Among 3 dis- 
parate taxa-ants, birds, and rodents that constitute major con- 
sumers of desert plants’ seeds, rodents are distinguished by: (1) 
ability to detect and dig considerable depths for buried seeds, (2) 
having cheek pouches for carrying large quantities of seeds at a 
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Resumen 

Muchas plantas de1 desierto crecen y se desarrollan a traves de 
semillas que han sido almacendas por 10s roedores granivoros. Se 
puso a pruba la posibilidad de usar las semillas almacenadas, 
con el fin de aumentar la aparicion de plantas originarias de1 
desierto. Pusimos a prueba a 10s roedores de1 desierto (het- 
eromyid) que se alimentan preferentemente de las semillas, cuyo 
objetivo es la germination de plantas deserticas, o bien, estas 
semillas solo son almacenadas por tales roedores. Pars esta prue- 
ba usamos las semillas originarias de1 desierto y las semillas com- 
erciales usadas coma setiuelo. En esta prueba se usaron 10s dos 
tipos de semillas: la destinada a la germination y la que fue 
usada coma seiiuelo. Esta prueba consiste en que 10s roedores 
almacenan ambos tipos de semillas y curiosamente consumen las 
semillas que son usadas coma sefiuelo, las cuales no son caras. 
Esto a su vez, permite que 10s roedores no consuman las semillas 
destinadas a la germination de las plantas de1 desierto. Para Ile- 
var a cabo este concept0 de objetivo/seiiuelo, usamos el estilo 
cafeteria, es decir pusimos en pares semillas a prueba de selec- 
cion para probar dos posibles objetivos de semillas destinadas a 
la germination, las cuales han sido dispersadas y escondidas por 
10s roedores, (estas semillas son de1 tipo de arroz zacate Hindu, 
Achnatherum hymenoides [R&S] Barkworth, y semillas de arbus- 
tos alcalinos de 4 alas, Atriplex canescens [Pursh] Nutt.). Esta 
semillas fueron colocadas en oposicion a las semillas usadas 
coma seiiuelo (mijo, Punicum miliuceum L.). El mijo fue alta- 
mente preferido al arbusto alcalino y a su vez efectivo de ser 
usado coma semilla de seiiuelo, mientras tanto, se preserva la 
recuperation de1 arbusto alcalino. Tambien un hecho consistente 
en el concept0 de la semilla objetivo/sefiuelo, es que se almace- 
naron mris semillas de arroz zacate Hindu que semillas de mijo, 
ambas clases de semillas fueron almacenadas en el laboratorio, 
las cuales fueron dispersadas y escondidas, en vez de ponerlas en 
una almacena, donde la posibilidad de brotes es inexistente. Sin 
embargo la semilla de1 mijo no siempre puede ser una buena 
posibilidad de ser usada coma semilla de sefiuelo, tampoco, la 
semilla de arroz zacate Hindu, el cual fue almacenado con mas 
frecuencia que el arbusto alcalino. La impresion general obteni- 
da de 10s resultados de estas pruebas de selection son alentado- 
ras para la aplicacion de1 concept0 objetivo/seiiuelo. Debemos 
comparar 10s pros y 10s Contras de esta idea en oposicion a las 
tecnicas tradicionales de recultivo. 

679 



time, (3) year-round foraging for seeds (in non-hibernating ferred by various heteromyid species (McAdoo et al. 1983, 
species), uninterrupted by dormancy (as in ants) or by seasonal Kelrick et al. 1986, Henderson 1990). Millet seeds (167 seeds/g) 
migration or diet switching (as in many granivorous birds), and are larger than Indian ricegrass seeds (243 seeds/g) and substan- 
(4) burial of seeds in shallow, scattered caches (scatterhoarding), tially smaller than saltbush seeds (86 seeds/g). Seedlings of the 2 
as well as in centrally located granaries, such as burrows (i.e., latter species commonly emerge from rodent scatterhoards at our 
larderhoarding, which is practiced by both rodents and seed har- field site. We conducted both a field and a laboratory experiment 
vester ants). Thus, rodents have the greatest potential among designed to address the same primary question: Do desert het- 
these granivores to affect species composition and distributional eromyid rodents prefer millet over the targeted native seeds, such 
patterns of desert plant communities. For example, a long-term that millet would be useful as a decoy seed? The laboratory 
study in the Chihuahuan Desert utilizing plots that selectively experiment also addressed 2 additional questions relevant to the 
excluded different granivores revealed that only long-term exclu- use of decoy seeds to enhance recruitment of target seedlings: (I) 
sion of a group of rodents, kangaroo rats (Dipodomys spp.), yield- Do rodents exhibit preferences during trials for scatterhoarding 
ed wholesale shifts in the species composition and physiognomy native versus commercial seeds?; (2) Do relative proportions of 
of the plant community (Brown and Heske 1990). native seeds cached in scatterhoards versus larderhoards differ? 

Among the world’s desert ecosystems, only in North America 
has a diverse rodent fauna evolved around a dietary theme of 
granivory (Mares 1993, Kelt et al. 1996). Rodents can remove 2 
90% of the local, annual seed production of a given desert plant 
(Chew and Chew 1970, Soholt 1973). Such plant species might 
exhibit adaptations selected for by intense granivory. Indeed, 
desert plant seeds are often endowed with mechanical or chemi- 
cal defenses to deter granivores (Janzen 1971). Alternatively, 
plants may evolve means of tolerating or even capitalizing on 
granivores for dispersal of seeds. Seeds of many desert plant 
species germinate and establish from scatterhoards made by 
desert rodents of the families Heteromyidae (kangaroo rats, kan- 
garoo mice, and pocket mice) and Sciuridae (chipmunks and 
ground squirrels) (Vander Wall 1990, Longland 1995, Pendleton 
et al. 1995). This occurs when rodents fail to recover all of the 
seeds in a scatterhoard for consumption or relocation at a later 
time. At a western Nevada site, > 99% of seedling recruitment in 
antelope bitterbrush (Purshia tridentutu [Pursh] DC) was due to 
scatterhoards of a chipmunk species (Vander Wall 1994). 

The essential role of rodents for seedling recruitment of at least 
some range plant species suggests interesting applications for 
range improvement. For example, with sufficient knowledge of 
effects of various rodent species on different plant species assem- 
blages, one could predict how vegetation in an area will recover 
from a disturbance based on taxonomic composition of the local 
rodent community. It may also be possible to actively accelerate 
vegetation recovery following disturbance by either encouraging 
the making of and/or discouraging recovery of rodent scatter- 
hoards containing seeds of desirable plant species-the targets of 
a remediation effort. For example, when such a “target” seed 
species is stored by a scatterhoarding rodent, but is not a pre- 
ferred food item, models predict that recovery of these caches 
would be low so long as preferred seed types remain available 
(Smith and Reichman 1984). Because certain commercial seeds 
are highly preferred by desert rodents (Price 1983), one could 
theoretically reduce recovery of target seed scatterhoards by 
rodents by offering a sufficient quantity of a preferred commer- 
cial seed as a sacrifice or decoy that would be consumed first. 

Materials and Methods 

We conducted field tests from 10 June to 17 August 1994 at the 
Hot Springs Mountains, 65 km E of Reno, Nev. in the Carson 
Desert. This site has sand substrate and is characterized by peren- 
nial shrubs (Sarcobatus baileyi [Cov.] Jepson, Atriplex cunescens 
[Pursh] Nutt., A. confertifoliu [Torrey & Fremont] S. Watson, 
Psorothamnus polydenius [S. Watson] Rydb., Tetrudymiu spin- 
osa Hook. & Am., T. tefrumeres [S.F. Blake] Strother, and 
Kochiu americana S. Watson) and Indian ricegrass (Achnutherum 
hymenoides). Three, 3-night trapping sessions (total of 5,400 trap 
nights) indicated that D. merriumi represented > 75% of the 
rodent community at this site during summer 1994. Other het- 
eromyid species included Chuetodipus formosus, Dipodomys 
deserti, Microdipodops pallidus, and Perognathus longimembris. 

To test the feasibility of using “decoy” seeds to increase 
recruitment of target seedlings from rodent scatterhoards, we 
compared use by heteromyid rodents of a native plant seed, either 
Indian ricegrass (Achnatherum hymenoides [R. & S.] Barkworth) 
or four-wing saltbush (Atriplex canescenr [Pursh] Nutt.), with 
white millet (Punicum miliuceum L.). Millet is a commercial seed 
that is highly preferred by Dipodomys merriumi (Frye and 
Rosenzweig 1980, Price 1983), the most abundant species at our 
field site. Among native seeds, Indian ricegrass is also highly pre- 

We used a 25-station line transect to compare removal of millet 
and Indian ricegrass seeds in 10 separate field trials. Adjacent sta- 
tions were separated by 25 m, which is generally sufficient dis- 
tance to prevent a single animal from visiting multiple stations. 
Each station consisted of a pair of plastic trays (20 by 20 by 6 cm 
deep) placed within 10 cm of one another. We filled paired trays 
with sieved sand and thoroughly mixed 3 g of millet seeds into 
one tray and 3 g of Indian ricegrass seeds into the other. Our 
seeds were inaccessible to ants, because of the depth of the trays 
and mixing of seeds and sand, but were readily accessible to 
rodents. Seed trays were left overnight. The following morning 
we sieved sand in the trays to collect remaining seeds for weigh- 
ing. Transects were moved between trials to avoid repeated seed 
harvesting by the same individual animals on different nights. 
Using the same technique, we compared removal of saltbush and 
millet in 10 trials. Indian ricegrass and saltbush seeds for both 
this experiment and the laboratory experiment described below 
came from a commercial supplier of native plant seeds, but both 
are common at our field site. 

Mean masses of millet and native seeds removed per trial night 
were compared across trials using paired comparisons t-tests. We 
included data for any given seed tray station only if > 0.25 g of 
seeds were missing from at least 1 tray. Thus, if I 2.75 g of the 
original 3.0 g of seeds remained in both trays at a station, we 
assumed that it was not foraged by rodents and that the small loss 
of mass was due to seed spillage and/or water loss from seeds. 
There was a substantial gap between masses of seeds remaining 
in those trays considered foraged versus unforaged; maximum 
mass of seeds remaining in a foraged tray was 2.31 g, and most 
had < 1.0 g remaining. We also used paired r-tests to compare 
numbers of trays foraged nightly between native seeds and millet. 
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We conducted a total of 20 trials at the University of Nevada, 
Reno to test for seed preferences between Indian ricegrass and 
millet using 4 Chaerodi~us formosus (ranging between 16-23 g), 
8 D. merriami (3644 g), 4 D. panamintinus (65-82 g), and 4 P. 
longimembris (7-10 g) individuals. We also ran 19 trials to test 
for preferences between millet and saltbush using the same num- 
ber of animals of the former 3 species, but only 3 P. longimem- 
bris. Many of the same animals were used in both sets of trials. 
Although one species included in the lab experiment, D. panam- 
inlinus, does not occur at our Hot Springs Mountains field site, it 
is not uncommon for this species to co-occur with Indian rice- 
grass and saltbush. Experimental animals were captured at vari- 
ous locations within 80 km of Reno, Nev. When not involved in 
trials, animals were individually housed in plexiglass cages lined 
with mixed sand and chinchilla dust and maintained at 22” C on a 
14L: 10D light cycle regime. Animals were fed wild bird seed, lab 
animal chow, mealworms, and lettuce. Although trials were con- 
ducted from October 1994 to August 1995, individual animals 
had been housed in the laboratory < 3 months when they were 
used in the experiment. 

For each trial, we placed a single animal in a plywood arena 
(234 by 118 cm with 122-cm walls) linked to an outer plywood 
nestbox (26 by 24 by 13 cm). Approximately 2 cm of sand cov- 
ered the arena floor. A pair of seed trays, identical to those in field 
experiments, was placed at the end of the arena opposite the nest- 
box. We filled each tray with sand and thoroughly mixed 5 g of 
millet seeds into one tray and 5 g of the native seed type being 
tested into the other. Because heteromyid rodents generally initiate 
activity shortly after nightfall, trials began at the onset of the dark 
period in the animal housing facility. A test animal was placed in 
the arena for 8 hours, then removed. Following each trial, we care- 
fully searched the arena sand for caches and weighed the seeds in 
each cache. Seeds remaining in trays were also weighed to deter- 
mine mass eaten. Numbers of seeds cached and eaten were esti- 
mated by multiplying mass by numbers of each seed type per 
gram given above. Our rationale for analyzing data in terms of 
both seed masses and seed numbers is as follows. Seed mass is the 
relevant variable for testing for foraging preferences of rodents, 
since size (i.e, mass) differences among different seed types would 
make seed numbers a poor reflection of relative amounts eaten or 
cached. By contrast, it is relative numbers of seeds eaten and 
cached that are potentially important in determining how rodent 
foraging activities may affect plant productivity. 

Laboratory results for both the Indian ricegrass and saltbush 
experiments were first analyzed using factorial 2-way analyses of 
variance (ANOVA) with seed type and rodent species as main 
effects. Dependent variables were mass of seeds removed from 
trays, number of caches made, mass and number of cached seeds, 
and mass and number of eaten seeds. In most analyses the seed 
type X rodent species interaction was not significant (P > 0.05); 
we reanalyzed these cases using 2-way main effects models. To 
test for species-specific preferences for caching or eating native 
seeds versus millet, lab data were also analyzed separately for 
each species using paired t-tests. Finally, we used paired t-tests 
on data for each rodent species to determine if greater proportions 
of native seeds were cached in scatterhoards or in larderhoards 
[i.e., (g scatterhoarded - g larderhoarded)/(g scatterhoarded + g 
larderhoarded)]. 

Results 

Using mass of seeds removed from trays as an index of prefer- 
ence, the heteromyid rodent community at our field experiment 
site strongly preferred millet seeds (mean seed removal/night + 1 
SD = 2.78 + 0.40 g) over four-wing saltbush (1.49 f 0.28 g) (t = 
9.50, d$ = 9, P < O.OOOl), but there was no preference between 
millet (2.83 f 0.24 g) versus Indian ricegrass (2.81 of: 0.23 g) (t = 
0.36, d$ = 9, P = 0.73). Similarly, rodents foraged in significantly 
more trays with millet seeds (mean number of trays foraged/tran- 
sect/night + 1 SD = 16.1 f 7.2) than in trays with saltbush (12.1 + 
6.2 trays) (t = 3.91, d.$ = 9, P < O.OOS), but numbers of paired 
trays foraged containing millet (9.4 + 6.7) versus Indian ricegrass 
(9.5 + 6.6) did not differ (t = 1.00, d.f = 9, P = 0.34). 

Laboratory results were in general agreement with this (Table 
1). As a whole, the 4 rodent species tested in the laboratory pre- 
ferred millet over saltbush when comparing masses of seeds har- 
vested from trays as well as masses eaten, but there was no pref- 
erence between millet and Indian ricegrass (Table 2). However, 
in the analyses of the Indian ricegrass experiment, rodent species 
and the species X seed type interaction had significant effects on 
masses of seeds harvested from trays and nearly significant 
effects on masses of seeds eaten; these results are largely attribut- 
able to the 2 kangaroo rat species consuming more seeds overall 
than the smaller pocket mice, and to D. panamintinus harvesting 
and consuming relatively more millet than Indian ricegrass, while 
the other rodents harvested and ate more Indian ricegrass. 

When seed mass is converted to numbers, significantly more 
Indian ricegrass seeds were consumed than millet, while the sig- 
nificantly greater consumption of millet relative to saltbush 
remained (Tables 1 and 2). Results for individual rodent species 
were not as clear. D. merriami did eat significantly greater num- 
bers of Indian ricegrass than millet seeds (t = 2.56, d.J = 7, P = 
0.038; Table 1). Each of the 4 rodent species significantly pre- 
ferred millet over four-wing saltbush based on mass eaten (C. for- 
mosus: I = 4.93, d.f. = 3, P = 0.016; D. merriami: t = 2.77, d.f. = 
7, P = 0.028; D. panamintinus: t = 3.99, d.f. = 3, P = 0.028; and 
P. longimembris: r = 6.15, d.jI = 2, P = 0.025). 

In the lab experiment, we also tested for differences between 
seed types and among rodent species in number of scatterhoard 
caches as well as masses and numbers of seeds scatterhoarded. 
Number of caches and total mass of cached seeds did not differ 
between millet and Indian ricegrass, but a significantly greater 
number of Indian ricegrass seeds was cached. In the millet/salt- 
bush experiment, number of millet caches and the mass of millet 
seeds cached were significantly greater than for saltbush. 

Animals seldom larderhoarded in the nestbox, and there were a 
few cases in which all animals of a given species cached no seeds 
in the nestbox (Table 1). It was not possible to conduct paired r- 
tests in the latter cases, because all of the individuals that made 
caches placed the same proportion (1 .O) of cached seeds in scatter- 
hoards, SD was therefore 0, and SE (which is necessary to calcu- 
late t) was undefined. Nevertheless, we consider such results to 
clearly reflect a preference for scatterhoarding in the arena rather 
than larderhoarding in the nestbox. Individuals of 3 of the 4 species 
tested stored greater proportions of Indian ricegrass seeds in scat- 
terhoards compared with larderhoards (C. formosus: proportion 
scatterhoarded = 1 .O; P. longimembris: proportion scatterhoarded = 
1 .O; D. merriami: t = 4.15, d.jI = 6, P = 0.006; D. panaminlinus: t = 
0.49, d.jI = 2, P = 0.675). Because animals seldom cached saltbush 
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Table 1. Mean (k 1 SD) amounts of millet versus Indian ricegrass (IRG) and millet versus saltbush (SB) seeds harvested, eaten, cached (i.e., scatter- 
hoarded in arena), and placed in nestbox (i.e., larderhoarded) by 4 heteromyid rodent species in laboratory experiments. Number of animals tested of 
each species is given below species names. 

Dipodomys 
panamintinus 

Rodent suecies 
Dipodomys Chaerodipus Perognathus 

merriami fonnosus longimembris 

Body mass range (g) 
Indian ricearass exwriment: 

Mass harvested (g) 

Mass eaten (g) 

No. seeds eaten 

No. caches 

Mass of caches (g) 

No. seeds cached 

Mass seeds stored 
in nestbox (g) 

Saltbush exoeriment: 

Mass harvested (g) 

Mass eaten (g) 

No. seeds eaten 

No. caches 

Mass of caches (g) 

No. seeds cached 

Mass seeds stored 
in nestbox (g) 

Seed tvpe 

IRG 1.68 (1.45) 
millet 4.08 (0.44) 

IRG 1.08 (0.63) 
millet 2.49 (1.03) 

IRG 261 (153) 
millet 416 (172) 
IRG 1.00 (1.15) 
millet 1.25 (0.96) 

IRG 0.56 (0.86) 
millet 1.07 (1.22) 

IRG 136 (209 
millet 178 (203) 

IRG 0.04 (0.08) 
millet 0.52 (0.60) 

Seed tvoe 
SB 
millet 

SB 
millet 

SB 
millet 

SB 
millet 

SB 
millet 

SB 
millet 

SB 
millet 

0.26 (0.21) 
5.06 (0.24) 

0.21 (0.12) 
2.99 (1.35) 

18 (11) 
499 (225) 

0.50 (0.58) 
1.75 (0.50) 

0.06 (0.10) 
2.07 (1.43) 

34: (kz, 

0 (0) 
0 (0) 

(4) 
65-82 

(8) 
36-44 

3.85 (1.65) 
2.69 (2.27) 

1.68 (1.62) 
0.91 (0.71) 

407 (393) 
152 (118) 

4.25 (3.15) 
2.75 (2.43) 

1.76 (1.54) 
1.78 (1.89) 

430 (374) 
297 (316) 

0.41 (0.76) 
0.04 (0.12) 

0.39 (0.41) 
2.85 (1.91) 

0.29 (0.26) 
1.55 (1.16) 

2:; $2) 

0.75 (0.89) 
1.37 (1.92) 

0.10 (O.i7) 
1.11 (1.71) 

18; ::8;) 

0 (0) 
0.19 (0.52) 

(4) 
16-23 

2.77 ( 1.66) 
0.50 (0.38) 

0.74 (0.53) 
0.41 (0.34) 

180 (128) 

2.;: (L%) 
0.75 (0.50) 

2.03 (1.29) 
0.09 (0.11) 

494 (314) 
14 (19) 

0 (0) 
0 (0) 

0.57 (0.40) 
3.41 (1.39) 

0.15 (0.21) 
1.88 (0.59) 

13 (18) 
315 (99) 

1.00 (1.15) 
2.00 (1.41) 

0.27 (0.37) 
1.53 (1.06) 

23 (32) 
255 (177) 

0.16 (0.31) 
0 (0) 

(4) 
7-10 

2.09 (1.53) 
0.44 (0.22) 

1.22 (0.66) 
0.35 (0.14) 

296 (160) 
58 (2% 

1.50 (1.W 
0.75 (0.50) 

0.70 (0.62) 
0.08 (0.08) 

170 (150) 
13 (13) 

0.17 (0.34) 
0 (0) 

0.04 (0.02) 
2.34 (0.85) 

0.04 (0.02) 
1.22 (0.34) 

3 (2) 
204 (57) 

0 (0) 
0.33 (0.58) 

0 (0) 
0.67 (1.15) 

0 (0) 
111 (193) 

0 (0) 
0.46 (0.80) 

seeds in either the arena or nestbox, evidence of a cache-type 
preference for this seed was not as clear (C. formosus: t = 0.50, 
d.jI = 2, P = 0.667; P. longimembris: no saltbush cached; D. mer- 
riami: proportion scatterhoarded = 1 .O; D. panamintinus: propor- 
tion scatterhoarded = I .O). 

Discussion 

Millet seed was eaten in preference to four-wing saltbush by 
heteromyid rodents in both field and laboratory studies. Because 
the idea of using decoy seeds to increase seedling recruitment of 
a target, native plant species requires that a commercial decoy 
seed is consumed preferentially to the target seed, millet may be a 
useful decoy seed to enhance recruitment of saltbush. However, 
contrary to our expectations, preferred millet seeds were also 
cached in significantly greater quantities than native saltbush 
seeds in laboratory experiments. We suspect that the latter result 
is an artifact of having ample seeds available during the short 

duration of our experimental trials. We used 5.0 g each of native 
seeds and millet in trials-about 1.5 g more than the mean total 
mass of seeds consumed by individuals of even the largest rodent 
species tested, D. panamintinus. Animals thus had sufficient 
quantities of each seed type to express a preference for both eat- 
ing and caching only the preferred seed, while virtually ignoring 
the less desirable seed. Moreover, laboratory animals were in 
very good condition, because, except during trials, they had food 
available ad libitum; this may have depressed their usual motiva- 
tion to maximize amounts of seed cached. 

In contrast to the clear preference we found in the saltbush/mil- 
let experiment, rodents did not prefer millet to Indian ricegrass 
seeds. Seed mass harvested in the field and consumed in the labo- 
ratory did not differ between Indian ricegrass and millet. If our 
data provide any indication of a preference between these 2 seed 
types, it is a preference for the native seed. More Indian ricegrass 
was eaten by 3 of the 4 rodent species (Table l), and there was 
nearly a significant preference for Indian ricegrass in terms of 
numbers of seeds eaten (Table 2). 
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Table 2. Results of 2-way ANOVAs testing effects of seed type and rodent species on amounts of seeds harvested, eaten, and cached in laboratory seed 
choice experiments. 

Variable Source of variation 
Indian riceerass exoeriment Saltbush exoeriment 

d.f. ss F P d.f. ss F P 

Mass harvested 

Mass eaten 

No. seeds eaten 

No. caches 

Mass of caches 

No. seeds cached 

Seed type 
Rodent species 
Seed X species type 

Seed type 
Rodent species 
Seed X species type 

Seed type 
Rodent species 

Seed type 
Rodent species 

Seed type 
Rodent species 

Seed type 
Rodent species 

1,32 4.113 1.69 ,203 1.33 86.119 66.04 .OOOl 
3.32 28.799 3.95 .017 3,33 8.913 2.28 ,098 
3.32 26.825 3.68 .022 - - - NS 

1,32 0.170 0.19 .666 I,33 26.558 43.08 .OOOl 
3.32 7.213 2.68 .064 3.33 3.743 2.02 .130 
3,32 7.415 2.75 ,059 - - - NS 

1.35 199043 4.04 ,052 1.33 829188 49.40 .OOOl 
3,35 240400 1.63 ,201 3,33 101173 2.01 ,132 

1.35 10.000 2.70 ,110 1.33 5.921 4.37 .044 
3.35 49.350 4.44 ,010 3.33 6.328 1.56 ,219 

1.35 1.648 0.93 ,340 1,33 14.126 13.20 .ooo9 
3.35 11.756 2.22 .103 3.33 2.322 0.72 .545 

1.35 293831 3.98 ,054 1.33 4297 16 14.58 SKI06 
3,35 472547 2.13 ,114 3,33 6048 1 0.68 ,568 

Although the lack of preference for millet implies that it would 
not be a useful decoy seed when Indian ricegrass is the target of 
restoration, laboratory data yielded 2 promising results for apply- 
ing the target/decoy seed concept. First, in both laboratory experi- 
ments, but especially the Indian ricegrass experiment, rodents 
cached significantly more seeds in scatterhoards than in larder- 
hoards. If this also occurs in the field, it is encouraging, because 
only scatterhoarding permits seedling recruitment. Second, sig- 
nificantly greater numbers of Indian ricegrass seeds were scatter- 
hoarded in the arena than millet seeds, so a preferred seed such as 
ricegrass may encourage more immediate and rapid scatterhoard- 
ing than we witnessed with saltbush seeds. While we have dis- 
cussed the concept of preference in terms of a dichotomy, 
because our experiments used paired seed choice tests, it is more 
appropriate to consider food preferences as a continuum. Thus, 
even though our experiments and previous studies (Kelrick et al. 
1986, Henderson 1990) have found Indian ricegrass to be a “pre- 
ferred” seed, a more highly preferred commercial decoy seed that 
would be consumed first could be deployed together with Indian 
ricegrass as a target seed, and both seeds would be rapidly 
cached. Because Indian ricegrass is well adapted to dispersal by 
scatterhoarding rodents (McAdoo et al. 1983, Longland 1995, 
McMurray et al. 1997), we believe that the target/decoy seed idea 
is particularly viable for this grass species, and we are testing 
other commercial seeds as potential decoys that may be preferred 
to Indian ricegrass. 

Our laboratory animals probably had previous experience with 
both native seed types before we captured them and experienced 
millet in their lab diet. The preference for millet over saltbush but 
lack of preference between millet and Indian ricegrass exhibited by 
these animals were similar to results of field experiments, which 
tested animals for which millet seed should have been novel. Thus, 
these preferences seem to be independent of prior experience. 

The target/decoy seed concept could be applied to reduce con- 
sumption of native seed caches already made, or to increase the 
scatterhoarding rate and decrease subsequent consumption of tar- 
get seeds that are broadcast together with decoys. In the former 
case, the ideal time to offer decoy seeds would be either shortly 
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after a given target plant species or a set of target plant species 
have set and shed seeds. Rodents would then preferentially con- 
sume the decoy seed, and thus consume fewer native seed caches. 
Various strategies need to be tested when both seed types are to 
be supplied artificially, including simultaneous presentation of 
target and decoy seeds and sequential presentation. In the case of 
sequential presentation, it would be better to deploy target seeds 
before decoys, especially if rodents exhibit a strong preference 
for the decoy seed. If a large quantity of a preferred decoy seed 
was presented and cached first, rodents may be less motivated to 
harvest and cache a much less desirable target seed that is pre- 
sented subsequently. 

In addition to the need for pilot tests of the target/decoy seed 
concept, we foresee some potential limitations. First, as with 
Indian ricegrass, some native seeds may be so highly preferred by 
rodents that it is difficult to identify a commercial seed as a use- 
ful decoy. Second, many desert plants have such infrequent 
seedling recruitment that the idea is impractical, because we lack 
knowledge of appropriate environmental conditions favoring ger- 
mination in a given year. Third, heteromyid rodents vary in 
propensities to cache seeds in scatterhoards versus larderhoards 
(Jenkins et al. 1995, Jenkins 1997). so the local species composi- 
tion of a rodent community may affect the success of the 
target/decoy seed concept. Fourth, in selecting decoy seeds, seed 
types should be avoided that could potentially establish yet anoth- 
er exotic plant species on rangelands. 

We believe such limitations can be circumvented, and that uti- 
lization of target and decoy seeds in arid land remediation is a 
viable alternative or compliment to traditional revegetation tech- 
nology, which indeed has its own limitations. For example, the 
third point above could be overcome with sufficient study of 
interspecific variability in caching propensity together with 
knowledge of rodent species composition in an area intended for 
remediation; and the limiting effect of the second point (inability 
to predict appropriate conditions for seedling establishment) is 
equally problematic using traditional seeding methods. Those that 
may be opposed to the idea of feeding rodents as suggested by 
the target/decoy concept should be aware that they are also being 



fed with traditional seeding methods, except that they are being 
fed exclusively on expensive, native (target) seeds. Granivorous 
rodents and birds quickly learn about the bonanza of food avail- 
able in the furrowed rows created by traditional seeding equip- 
ment, and they use these rows as if they were buffet lines. 
Moreover, seeding equipment severely disturbs soils and intact 
vegetation, and is therefore most useful in areas denuded of vege- 
tation. By contrast, digging and seed caching activities of rodents 
cause much smaller-scale disturbances that do not affect estab- 
lished vegetation. Finally, the target/decoy seed concept does not 
require expensive seeding equipment-only broadcast seeding and 
the natural seed foraging and caching activities of desert rodents. 
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