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We address the idea that donkey’s gut passage and dung could increase seed germination and seedling
growth of Prosopis laevigata. This species is a useful plant in a Mexican inter-tropical desert, where land
use change and habitat fragmentation are currently affecting P. laevigata shrublands. We conducted
greenhouse experiments in which seeds ingested by donkeys and non-ingested seeds were placed in
dung pats or soil. Results suggested that gut passage and dung did not have significant effects on seed
germination. On the other hand, dung significantly increased the height and dry weight of P. laevigata
seedlings. Information about the effects of donkeys on seedling establishment could be used to promote
the natural regeneration of this plant species.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Studies on seed dispersal by herbivores have shown that gut
passage and dung can influence seed germination and seedling
growth of several plant species (Bodmer and Ward, 2006). Seeds
ingested by herbivores can be scarified during gut passage,
enhancing their germination capacity (Traveset et al., 2007).
However, passage through the digestive tract can also increase seed
mortality due to harsh treatment of the seed coats (Peinetti et al.,
1993; Miller, 1994). Seed deposition in dung can increase seed
germination and seedling growth because it provides moisture and
nutrients (Traveset et al., 2001, 2007). Dung, however, can also
inhibit these processes since it impedes seed imbibition and
seedling emergence (Brown and Archer, 1989).

Because the effect of herbivores on seeds and seedlings depend
upon gut passage and dung, these factors should be analyzed
together in order to understand their consequences on seedling
establishment. Some studies in the ecological literature have
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already analyzed these factors; however, the results obtained are
contradictory since some authors have found positive effects
(Traveset et al., 2001; Nchanji and Plumptre, 2003), whereas others
negative effects (Brown and Archer, 1989). Therefore more infor-
mation is needed to define the possible ways in which herbivores
affect plant recruitment, especially those related to the effect of
dung on seedling emergence, survival, and growth. The analysis of
these factors - gut passage and dung - is basic to determine whether
seeds dispersed by herbivores have relative advantages over non-
dispersed seeds (Traveset et al., 2007). This information is pivotal
not only to understand mechanisms of plant population regener-
ation, but also to promote seedling establishment of desirable plant
species in degraded ecosystems (Archer and Pyke, 1991; Traba et al.,
2003).

The aim of this study is to analyze the effect of donkey’s gut
passage and dung on seed germination and seedling growth of
a multipurpose mesquite (Prosopis laevigata (Willd.) M.C. Johnst)
under controlled conditions. The genus Prosopis is widely distrib-
uted in arid and semi-arid regions of North and South America,
Africa, and Middle East. Some species are considered invasive
plants in semi-arid savannas and grasslands of Argentine and
southwestern USA (Golubov et al., 2001). P. laevigata is a useful
plant in central and northern Mexico that provides natural
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Table 1
Results of the repeated measures ANOVA conducted to evaluate the effect of gut
passage and dung of donkeys on height of mesquite seedlings.

Factor Wilk’s lambda F d.f. P

Within-subjects effect
Time 14.9 3,120 <0.00001
Time� gut passage 0.44 3,120 0.73
Time� dung 3.31 3,120 0.02
Time� gut passage� dung 0.06 3,120 0.98

Between-subjects effect
Gut passage 0.19 1,122 0.66
Dung 34.94 1,122 <0.00001
Gut passage� dung 2.45 1,122 0.12
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resources for rural people. Particularly, it provides firewood, forage,
food, and medicine for local inhabitants of the Zapotitlán Valley,
a Mexican inter-tropical desert (Paredes-Flores et al., 2007). This
species modifies the environmental conditions under its canopy
facilitating the establishment of several plant species and struc-
turing plant communities (Cruz-Rodrı́guez et al., 1997). Mesquite
shrublands, however, are highly degraded at present due to land
use changes and habitat fragmentation (López-Galindo et al., 2003).
P. laevigata fruits are indehiscent pods which are consumed by wild
(coyotes, foxes, and ringtails) and domestic animals (cattle, goats,
and donkeys). Donkeys (Equus asinus Linnaeus) are the most
common consumers by far since they are frequently fed on pods
during the fruiting season (Pers. Obs.). Field observations indicate
that seedlings are able to grow in dung. However, it is unknown
whether gut passage and dung increase seed germination and
seedling growth. To explore these ideas, we conducted greenhouse
experiments in order to address the following questions. (1) Do
seeds ingested by donkeys and/or sown in dung have higher
germination than non-ingested seeds sown in soil? 2) Do seedlings
from seeds ingested by donkeys and/or sown in dung grow better
than seedlings from non-ingested seeds sown in soil? We believe
that this information could be used to promote the natural regen-
eration of mesquite.

2. Methods

Mesquite pods were collected in alluvial terraces of the Zapo-
titlán Valley, south-central México, at 1480 m a. s. l. The mean
annual temperature and rainfall range between 18–23 �C and 375–
450 mm, respectively. The main soil class is calcaric fluvisol with
sandy loam texture (López-Galindo et al., 2003). The main plant
communities are mesquite shrublands dominated by P. laevigata
mixed with columnar cacti such as Myrtillocactus geometrizans
(Martius) Console and Pachycereus hollianus (Weber) Buxbaum
(López-Galindo et al., 2003). Pods are indehiscent with sweet
spongy mesocarp and hard stony endocarp. The mean number of
seeds per pod is 14� 3 (mean� 1 SD, N¼ 318). A total of 4295 pods
were collected by hand directly from 58 randomly selected plants,
and pooled together to obtain non-ingested seeds and seeds
ingested by donkeys. Non-ingested seeds were obtained from pods
by hand. Ingested seeds were obtained by feeding one adult donkey
with straw during three consecutive days, and subsequently with
mesquite pods ad libitum during 2 days. Dung was collected during
a period of 24–48 h after ingestion and dried at room temperature.
Dry dung was manually crushed to obtain seeds and care was taken
to choose only viable seeds (intact and filled). Seeds that were
aborted or partially digested or seeds with evidence of bruchid
damage were discarded. Non-ingested and ingested seeds and
dung were transported to the laboratory and stored at room
temperature until experiments were conducted.

Greenhouse experiments were conducted to evaluate the effect
of gut passage and dung on seed germination. The experimental
design used was a 2� 2 factorial in which non-ingested seeds and
seeds ingested by donkeys were placed in dung or soil from the
sampling site. The experimental unit was a plastic container (25 cm
diameter, 6 cm depth) with soil and 50 seeds. Seeds were placed at
soil surface or inside a dung pat of approximately 100 g (fresh
weight). Five replicates were conducted for each treatment. Repli-
cates were placed in the greenhouse at environmental conditions
(Max. Temp.: 42� 5 �C; Min. Temp.: 10� 3.5 �C) and watered with
200 ml of tap water every 3 days. Plastic containers were daily
checked to record the number of emerged seedlings. We used
seedling emergence as a proxy for seed germination because the
presence of dung hindered recording radicle emergence. Data were
analyzed with a contingency table made with a log-linear model to
determine whether there were significant differences in the
number of emerged seedlings among treatments.

The effect of gut passage and dung on mesquite seedling growth
was analyzed by using the same experimental design employed
for germination. The seedlings emerged in each treatment were
considered as the experimental units. For each seedling height
increase and dry weight were recorded. Seedling height was
measured with digital caliper every 12 days along four time inter-
vals (i.e., 0–12, 12–24, 24–36, and 36–48 days). The relative height
increase (RHI) for each time interval was calculated as: RHI¼
(Hf�Hi)/(tf� ti), where H is seedling height at the beginning (i) and
ending (f) of the interval, and t is the number of elapsed days. The
experiment was conducted only for 7 weeks to avoid competition
among seedlings. Data were analyzed with repeated measures
ANOVA with gut passage and dung as between-subjects and gut
passage, dung, and time interval as within-subjects. At the end of
the experiment mesquite seedlings (including their roots) of all
treatments were harvested and dried at environmental conditions
to measure dry weight. Data were analyzed with two-way ANOVA.
All analyses were conducted with the statistical package JMP
version 3.1 (SAS Institute, 1995).
3. Results

Seedlings began to emerge five days after the beginning of the
experiment. The maximum seedling emergence in all treatments
was recorded at day 50. Seedling emergence was not significantly
affected by gut passage (c2¼1.1, d. f.¼1, p¼ 0.3) and dung (c2¼ 0.1,
d. f.¼1, p¼ 0.8), nor their interaction (c2¼ 0.1, d. f.¼1, p¼ 0.8). The
mean number of seedlings in all treatments was relatively similar
(Ingested seeds and dung: 23� 2, ingested seeds and soil: 24� 2;
Non-ingested seeds and dung: 22�1, non-ingested seeds and soil:
23� 2; mean� 1 SE, N¼ 5).

Height increase and dry weight of seedlings differed among
treatments. Height increase was significantly affected by time and
its interaction with dung. Other factors did not have significant
effects (Table 1). Seedlings in dung had higher increase than
seedlings on soil, no matter whether seeds passed through the
digestive tract of donkeys or not (Fig. 1). Dry weight was signifi-
cantly affected by the interaction between gut passage and dung
(F 1, 162¼ 7.3, p¼ 0.008). Seedlings from non-ingested seeds and
dung had the highest dry weight (0.22� 0.008 g) followed by
seedlings from ingested seeds and dung (0.19� 0.008). Seedlings
on soil had the lowest dry weight, independently of gut passage
(Non-ingested seeds: 0.12� 0.009, Ingested seeds: 0.14� 0.009).
4. Discussion

Results showed that gut passage and dung did not enhance
germination. On the other hand, seed deposition in dung had
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Fig. 1. Relative height increase (RHI) of mesquite seedlings from non-ingested seeds
(dotted lines) and seeds ingested by donkeys (continuous lines), in dung pats (filled
circles) or soil (open circles). RHI¼ (Hf�Hi)/(tf� ti), where H is seedling height at the
beginning (i) and ending (f) of time interval, and t is the number of elapsed days.
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significant positive effects on growth of mesquite seedlings. These
results suggest that donkeys can positively affect the establishment
of P. laevigata. However, these results should be interpreted with
caution because they were obtained under controlled conditions.
Besides, it is important to bear in mind that only one adult donkey
was used to get ingested seeds; therefore, the effect of individual
variation in mastication, digestion and retention time was not
considered in this work.

Germination percentage of ingested seeds was 46–48%, while
germination percentage of non-ingested seeds was 44–46%. These
results are similar to those reported for other Prosopis species
(Prosopis caldenia, Prosopis ferox, Prosopis flexuosa, Prosopis rusci-
folia) in which passage through the digestive tract of donkeys does
not improve germination (see Campos et al., 2008, and references
therein). The lack of significant differences between ingested and
non-ingested seeds suggests that donkeys do not have positive
effects on germination. However, we believe these animals do
positively affect this process. This idea is based on information of P.
laevigata seeds and donkeys gathered in the field which suggests
that: (1) Donkeys are important consumers of mesquite fruits. Field
censuses conducted to estimate seed consumption by donkeys
showed that these animals are able to consume about 28%
(4382�1270) of the total seeds produced by mesquite plants in
500 m2 (15840�1980; unpublished data). Other animals such as
coyotes (Canis latrans), foxes (Urocyon cineroargenteus), and ring-
tails (Basariscus astutus) also consume mesquite fruits in the region;
however, the percentage of ingested seeds is lower than the
percentage ingested by donkeys (P. Zarco, pers. comm.). This situ-
ation is similar to that reported for semiarid grasslands of south-
western USA, where coyotes consume lower proportions of Prosopis
glandulosa seeds than cattle (Kramp et al., 1998). (2) Passage
through the digestive tract of donkeys allows opening the imper-
meable endocarps of mesquite fruits. Field observations showed
that >70% of the seeds found in dung were inside opened endo-
carps (Pers. Obs). These observations contrast to those reported for
P. flexuosa in which 54% of the seeds found in donkey dung were
enclosed inside their endocarps (Campos et al., 2008). The opening
of endocarps can allow water uptake and gas exchange stimulating
germination, in comparison to closed endocarps, although it is
necessary to confirm these ideas. (3) The percentage of damaged
seeds following passage through the digestive tract is relatively low
(28%� 6%; unpublished data). This percentage of damage is lower
than the percentage reported for seeds of P. laevigata and P. flexuosa
ingested by goats (97%; Cantú 1990) and donkeys (45%; Campos
et al. 2008), respectively. This percentage is also lower than the
percentage of P. laevigata seeds damaged by bruchids in the region
(50%–80%; unpublished data). (4) The deposition of seeds in dung
tends to increase germination under field conditions. Experiments
conducted in 2003 showed that mesquite seeds sown in dung had
higher seedling emergence (1–7%) than seeds sown in soil (0–1%;
unpublished data). Several authors have suggested that herbivore
dung provides suitable conditions of moisture and temperature for
germination (Traveset et al., 2001; Nchanji and Plumptre, 2003;
Ramos et al., 2006).

Experiments on seedling growth showed that seedlings in dung
had higher height and dry weight than seedlings in soil. Several
authors have suggested that herbivore dung can enhance seedling
survival and growth (Ocumpaugh et al., 1996; Traveset et al., 2001;
Nchanji and Plumptre, 2003). Dung can supply nutrients such as
nitrogen and calcium phosphate, or improve the moisture regime for
seedlings, depending on its composition (Traveset et al., 2001).
Further field and laboratory work is needed to understand the
mechanisms by which donkey dung increases the growth of
mesquite seedlings in the region. In addition to increasing seedling
growth, field experiments have shown that dung can also enhance
seedling survival (unpublished data). Mesquite seedlings in dung
and beneath the legume tree Parkinsonia praecox had higher survi-
vorship (300 days) than seedlings in dung and bare spaces
(150 days). Mesquite seedlings without dung had the lowest survi-
vorship (10 days), no matter whether they were beneath trees or in
bare spaces. Donkeys can defecate mesquite seeds in these sites.
However, the frequency of defecation in each of them is unknown.

We conclude that passage through the digestive tract of donkeys
does not improve germination of mesquite seeds. However,
additional information gathered in the field suggests that donkeys
could provide other benefits such as consuming large proportions
of seeds, opening the impermeable endocarps of fruits, and
decreasing seed predation after gut passage. Donkeys have signif-
icant positive effects on growth of mesquite seedlings, particularly
through deposition of seeds in dung. All these effects might be used
to promote seedling establishment in the degraded mesquite
shrublands of the Zapotitlán Valley. Donkeys could be fed on
mesquite pods and then released to disperse seeds into degraded
areas. This approach could be a relatively effective and economic
way to promote the natural regeneration of mesquite.
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endozoochory in seed germination. In: Dennis, A.J., Schupp, E.W., Green, R.J.,
Westcott, D.A. (Eds.), Seed Dispersal. Theory and Its Application in a Changing
World. CAB International, Oxfordshire, pp. 78–103.


	Effect of gut passage and dung on seed germination and seedling growth: donkeys and a multipurpose mesquite from a Mexican inter-tropical desert
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	References


