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ABSTRACT 17 

Prosopis juliflora, a small mesquite tree, is native to Central and South America, and but is 18 

invasive in many tropical and subtropical regions, including North Africa and the Arab 19 

Gulf region. It has often been introduced for livestock forage but has often become a 20 

problematic weed. In Egypt the geographical pattern of its spread suggested that 21 

domestic sheep may be an important seed vector. The aim of this captive study was to 22 

analyse the effect of seed passage through the sheep digestive system on germination of 23 

P. juliflora. Only 7% of seeds fed to sheep passed through the digestive system intact. 24 

Larger seeds were more likely to pass through intact. Seeds that passed through a sheep 25 

intact were much more likely to germinate than untreated control seeds and germinated 26 

more quickly under artificial laboratory conditions. Taken together our results further 27 

strengthen evidence for the importance of sheep as vectors of this invasive pest. Thus, 28 

sheep must be considered in management strategies to prevent spread into protected 29 

areas, and further research to explore germination under natural conditions of seeds 30 

excreted in sheep dung is warranted.  31 
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1. Introduction 40 

Endozoochory, the dispersal of seeds through ingestion by vertebrates, is a biological 41 

mechanism used by diverse tree species, including many Fabaceae (legume) species 42 

common in arid ecosystems. Legumes provide crucial ecosystem services, including 43 

nitrogen fixation, high-quality forage for livestock and wildlife, wood products and food 44 

for humans (Felker, 1981). Several legume species have increased their distribution 45 

ranges because of human intervention and become invasive over the past two centuries, 46 

and this can  be linked, in some cases, to dispersal by domestic and feral animals (Brown 47 

and Archer, 1989).  The invasive mesquite, Prosopsis juliflora (Sw.) D.C, is often used and 48 

promoted as a food source for livestock over much of its invasive range (across much of 49 

Africa and the Middle East) due to its abundance, palatability and high protein content 50 

(Sawal et al., 2004; Chaturvedi and Sahoo, 2014). 51 

Seeds of many species in the subfamily Mimosoideae, including genera such as 52 

Prosopis, Acacia and Vachellia, have physical dormancy requiring scarification of their seed 53 

coat.   Further, these seeds are contained within indehiscent legumes (pericarp), which 54 

require decomposition, ingestion or other mechanisms to release the seeds (Livingston 55 

and Nials, 1990). Generally, scarification increases germination speed, although the 56 

mortality potential increases if the seed coat is weakened too much  (Janzen, 1984). The 57 

sugary legumes of invasive Prosopis species are attractive to grazing and browsing 58 

animals, and at least some of their seeds remain intact after rumination and intestinal 59 

passage (Campos et al., 2011; Kramp et al., 1998; Robinson et al., 2008). For example, 60 
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Peinetti et al. (1993), reported that Prosopis caldenia L. germination was increased by 61 

ingestion by cattle. Cattle increased the germination of Prosopis flexuosa D.C. but reduced 62 

viability, whereas seeds passing through horses maintained viability, but did not 63 

germinate more quickly (Campos and Ojeda, 1997). Among native mammals in the semi-64 

arid areas of Argentina, the grey fox (Urocyon cinereoargenteus)maintained seed viability 65 

without increasing germination, whereas rodents reduced seed viability and enhanced 66 

germination rates (Campos and Ojeda, 1997). However, enhanced germination of seeds 67 

following passage through the herbivore gut may not always be beneficial (Lessa et al., 68 

2013). The European wild boar (Sus scrofa) damaged all of the seeds it consumed  (Campos 69 

and Ojeda, 1997). In general, the effects of herbivory are related to a number of factors, 70 

including  gut retention period, seed size and the hardness of seed coats. (Janzen 1981, 71 

1984). 72 

Endozoochorous dispersers can enhance the fitness of host plants by moving seeds to 73 

new  environments (colonization hypothesis; Howe and Smallwod, 1982) with lower 74 

predation, parasitism and competition risk compared to the environment near the mother 75 

plant (escape hypothesis; Janzen, 1970), but see (Hyatt et al., 2003). Dung can also provide 76 

a favorable environment for germination (Gokbulak and Call, 2004), although  biotic 77 

interactions such as seed and seedling predation and intraspecific competition in the 78 

dung can modulate this relationship (Howe, 2008; Janzen, 1981). These studies show that 79 

the complexity of endozoochory interactions can elicit either benefical or detrimental 80 
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effects on seed demographics depending on the species and abiotic factors involved 81 

(Lessa et al., 2013; Verdú and Traveset, 2005). 82 

According to Schupp (1993), the quality of endozoochorous dispersal depends on how 83 

seeds are processed in the mouth and gut. Mechanical grinding during chewing and 84 

rumination by ungulates, as well as retention in the gut and exposure to digestive juices, 85 

may affect the survival and germination of seeds. Such effects vary among animal species 86 

ingesting the seeds (Kneuper et al., 2003; Traveset, 1998). The type of herbivores 87 

consuming seeds with physical dormancy determines the fraction of seeds germinating 88 

following gut passage (Jaganathan et al.,  2016). In this context, determining whether 89 

endozoochory is advantageous to plant germination requires examining the cumulative 90 

effects of gut passage, deposition in faeces and seed dispersal patterns on germination 91 

and viability. Thus, understanding the functional role of domestic and wild animal 92 

species in seed dispersal of invasive species is central to determining how biotic 93 

interactions could be affected by anthropogenic drivers. 94 

Prosopis juliflora, is native to Central and South America, and it is invasive in many 95 

tropical and subtropical regions, including North Africa and the Arab Gulf region (Abbas 96 

et al., 2018). Endozoochory may stimulate P. juliflora germination by liberating seeds from 97 

the fruit, while faeces may act as a source of nutrients and water during the early stages 98 

of seedling establishment and growth (Shiferaw et al., 2004). Prosopis juliflora can be 99 

dispersed by domestic animals such as goats, cattle and mules, and wild fauna such as 100 

gazelles and coyotes (Alvarez et al., 2017; Gonçalves et al., 2013). Prosopis juliflora was 101 



6 | 2 5  
 

introduced in Egypt intentionally into Gebel Elba National Park during the late 1980s for 102 

agroforestry uses by local people of Old Hala’ib village. Eight years after its introduction, 103 

local people viewed it as an unwelcome, rapidly spreading, invasive species (Abbas et 104 

al., 2018). In Egypt, domestic sheep (Ovis aries) seem to be the main dispersal vector 105 

accelerating P. juliflora spread along trade routes and animal tracks into new areas 106 

(Shiferaw et al., 2004; Hundessa, 2016). Studies have found that ingestion of Prosopis seeds 107 

by mammal species (Alvarez et al., 2017; Campos and Ojeda, 1997; Gonçalves et al., 2013; 108 

Kramp et al., 1998). The aim of this study was to analyse the effect of seed passage 109 

through the sheep digestive system on germination of P. juliflora. We hypothesised that 110 

a portion of P. juliflora seeds would survive passing through the sheep’s gut, and that 111 

germination rates of these excreted seeds would be increased by this process. 112 

2. Materials and methods 113 

 114 

2.1. Fruit collection 115 

Fruits of P. juliflora were collected from multiple mature individuals in July 2018 116 

in Wadi Merakwan, Gebel Elba National Park, south-east Egypt (22°1402˝N–36°36030˝E; 117 

Fig. 1) (See; Al-Gohary, 2008; Ball, 1912 ; for site description). Collected fruits were stored 118 

under dry and dark conditions in the laboratory at 25°C until the beginning of the 119 

experiment in October 2018. A subset of seeds was removed from pods, and weighed and 120 

measured (length, width and thickness) with an electronic vernier calliper (n = 50) to 121 

determine average seed mass and volume. 122 
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 123 

2.2.  Seeds retrieved after gut passage 124 

Four female adult sheeps (Ovis aries) of similar size and age (average of 40 kg and 125 

two years old) were individually housed and were fed at the Teaching and Experimental 126 

Farm of the faculty of veterinary medicine at the University of South Valley (26°11´8.8˝ 127 

N – 32°43´56.4˝ E). Four individuals is a typical sample size for Endozoochory 128 

experiments with animals such as goats (Alvarez et al., 2017). At the beginning of the 129 

experiment, 1000 P. juliflora seeds with pericarp were offered to each sheep. All seeds 130 

were consumed by sheep within 30 minutes. Afterwards, the sheep were fed with lucerne 131 

hay and sunflower pellets, and they had unrestricted access to water. All the dung pellets 132 

produced by each sheep were collected every 24 h for 4 days (0–24, 24–48, 48–72, 72–96 133 

and 96-120 h after ingestion) and dried at 25°C for 72 h in a bell jar with silica gel to avoid 134 

seed fermentation and damage. 135 

 136 

2.3. Seed germination after gut passage 137 

Germination of seeds retrieved from sheep dung was compared with that of uneaten 138 

seeds. Seeds for the uneaten treatment were prepared in two ways: (i) seed pods (seed 139 

and pericarp) were broken into portions corresponding to individual seeds with pericarp 140 

fragments (control seeds) to simulate the effect of fruit fragmentation due to 141 

environmental breakdown/decomposition and rodent activity (Campos and Ojeda, 142 

1997) or when  sheep drop them when eating and fruits fall to the soil surface, or (ii) seeds 143 
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were manually cleaned from pods to remove all pericarp and treated with 3.0% (v/v) 144 

sodium hypochlorite for 2 min as chemical scarification to break the exogenous physical 145 

dormancy of P. juliflora (Zare et al., 2011). Seeds for gut passage treatments were 146 

categorized as (i) seeds retrieved between 24 and 48 h after ingestion, (ii) seeds retrieved 147 

between 48 and 72 h after ingestion, (iii) seeds retrieved between 72 and 96 h after 148 

ingestion, and (iv) seeds retrieved between 96 and 102 h after ingestion. Seeds were 149 

removed from dung and only seeds with no evidence of apparent external damage were 150 

used for the germination experiment. Retrieved seeds were subjected to germination just 151 

after collecting them from the sheep pellets. Before germination treatments, all seeds were 152 

weighed and measured, and then disinfected by immersion in a 1% sodium hypochlorite 153 

solution for 2 min and thoroughly rinsed with sterile distilled water (10 min) before the 154 

germination treatments (Abbas et al., 2018). Seeds were then placed on filter paper in a 9-155 

cm Petri dish (10 seeds per dish and four replicated dishes per treatment), and 5 ml of 156 

distilled water was added to each dish. Dishes were then wrapped with parafilm and 157 

placed in a germinator (ASL Aparatos CientificosM- 2004, Madrid, Spain) for 30 days 158 

under a photoperiod/temperature regime of 12 h light at 25°C (35 lmol m of wave length 159 

between 400 and 700 nm) and 12 h dark at 20°C. This temperature regime was chosen to 160 

mimic autumn temperatures in the south of Egypt when this species germinates (El-161 

Keblawy and Al-Rawai, 2005). The dishes were inspected daily and germinated seeds 162 

were counted. A seed was considered to have germinated when its radicle emerged 163 

(Abbas et al., 2012). Final germination percent, the time required for the first seed to 164 

germinate, and mean time to germination were calculated. Mean time to germination 165 
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(MTG) is an index of seed germination speed was calculated as MTG = Ʃ (n × d)/N, where 166 

n is the number of seeds germinated at day d and N is the total number of seeds that 167 

germinated in the treatment. Seed viability of remaining non-germinating seeds was 168 

determined using the tetrazolium test (Mancilla-Leytón et al., 2011). 169 

 170 

2.4. Data analyses 171 

Variance estimates were calculated as the standard error of the mean (SE) and 172 

analyses were evaluated at a significance level of 0.05. The data series were tested for 173 

normality using a Kolmogorov–Smirnov test and for homogeneity of variance using 174 

Levene’s test. Differences in biometric characteristic between uneaten and retrieved seeds 175 

were tested using a t-test.  Differences in mean germination parameters and mean seed 176 

viability among uneaten and retrieved seeds at different times were tested using one-way 177 

analysis of variance ANOVA with Tukey’s test for post hoc analysis. SPSS 23.0 for 178 

Windows (SPSS, Chicago, IL, USA) was used for all statistical analyses. 179 

 180 

3. Results 181 

On average, 7% (70 ± 21 seeds per 1000 seeds eaten) of P. juliflora seeds were 182 

retrieved intact from sheep dung. Most seeds were excreted during the first two collection 183 

periods, and relatively few were retrieving by day four (Table 1). Retrieved seeds were 184 

significantly longer, wider, thicker, heavier and had greater volume than uneaten seeds 185 

(t-test, P < 0.001) (Table 2). 186 
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Final germination rate was significantly higher for both manually scarified and sheep 187 

consumed seeds compared to uneaten seeds without pericarp removed (ANOVA, F5,36= 188 

5.34, HSD test, P < 0.01, Fig. 2). Final germination rate was the highest for seeds excreted 189 

between 24–48 h (70 ± 8 %) followed by uneaten seeds without pericarp and chemically 190 

scarified (65 ± 4 %) and seeds excreted after 48-72 h (64 ± 7 %). Uneaten seeds with 191 

pericarp had the lowest final germination rate (5 ± 4 %) (HSD test, P < 0.05) (Fig. 2A). 192 

Time to first germination significantly differed among seed treatments and ranged 193 

from 2 to 11 days depending on seed treatment (F5,32= 12.398, HSD test, P < 0.0001, Fig. 194 

2B). The longest mean time to germination (38 ± 7 days) was recorded for seeds excreted 195 

at 24–48h and the lowest for uneaten chemically scarified seeds with pericarp (5 ± 4 days) 196 

(F5,36= 3.27, HSD test, P < 0.05, Fig. 2C). All uneaten seeds (both those with and without 197 

pericarp) that did not germinate during the germination trials were viable, however no 198 

excreted, ungerminated seeds were viable.  199 

 200 

4. Discussion 201 

Our study provides a framework towards an understanding of endozoochory by 202 

sheep as a seed dispersal vector for the seeds of the invasive tree P. juliflora. Few seeds 203 

passed through the sheep gut intact: 7% of the consumed seeds were retrieved from 204 

faeces. Alvarez et al. (2017) reported that the recovery of ingested seeds of P. juliflora by 205 

goats and cattle was generally low (7% and 15% respectively), suggesting that most of 206 

them were destroyed by chewing and rumination processes. Seed recovery percent ages 207 
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of 20% (goat) and 60% (cattle) have been reported from ingested fruits of several 208 

Mimosoideae species in Tanzania (Shayo and Uden, 1998). Seed recovery for Prosopis 209 

glandulosa Torr. was 92%, 11% and 9% in dung of cattle, sheep and goats respectively 210 

(Kneuper et al., 2003). Even so, enough seeds of P. juliflora can pass through the 211 

digesting system of sheep for them to be an effective dispersal mechanism, as described 212 

for the dispersion of different plant species by Darwin’s finches in the Galapagos Islands 213 

(Guerrero and Tye, 2009). In order to assess the degree to which sheep naturally feed on 214 

P. juliflora, food preference tests should be carried out by offering sheep’ fruits of P. 215 

juliflora and fruits of native plant species. 216 

For P. juliflora and other species with indehiscent fruits and/or hard-coated seeds, 217 

seed liberation from fruits and seed scarification appears to be the main benefits of 218 

ingestion by animals, including camels (Abbas et al., 2018), goats (Baes et al., 2002;  219 

Kneuper et al., 2003), donkeys (Baes et al., 2002), horses (Janzen, 1981; Campos and 220 

Ojeda, 1997), cattle (Campos and Ojeda, 1997; Kneuper et al., 2003), sheep (Kneuper et 221 

al., 2003), rodents (Campos and Ojeda, 1997), foxes (Campos and Ojeda, 1997) and 222 

bears (Auger et al., 2002). Ruminal liquid contains proteolytic and cellulolytic enzymes 223 

that may help to remove the pericarp and to soften the seed coat (Robles and Castro, 224 

2002). Additionally, seeds are exposed to an acidic medium and enzymatic activity in 225 

the abomasum and duodenum, which could further erode the pericarp and the seed 226 

coat (Gardener et al., 1993). Once freed from fruits during digestion by sheep, retrieved 227 

seeds of P. juliflora showed faster and higher final germination compared with uneaten 228 

seeds covered with the pericarp. The pericarp may prevent hydration of the seed, 229 



12 | 2 5  
 

which is essential for its germination. This result is supported by retrieved seeds being 230 

larger and with darker colour than uneaten seeds, reflecting the seed hydration 231 

process. Moreover, uneaten chemically scarified seeds without pericarp showed 232 

similar final germination to retrieved seeds between 48 and 72 h after ingestion. This 233 

suggests that gut retention times lower than 48 h limit the necessary chemical 234 

scarification of P. juliflora seeds, which are required for germination (Traveset, 1998). 235 

Our results are consistent with the occurrence of primary physical seed dormancy 236 

(Baskin et al., 2000) in P. juliflora related to the fruit’s cover that restricts the germination 237 

of unliberated seeds to about 5%, though 100% of them were viable. In addition, it has 238 

been shown that P. juliflora seeds can maintain some viability after multiple years in 239 

the soil seed bank, even under conditions suitable for germination (Martin, 2006). 240 

Passage through the gut of large herbivores also enhances seed germination, for 241 

example, in some Mediterranean species, such as Retama sphae- rocarpa (L.) Boiss., with 242 

physical dormancy imposed by a hard seed coat (Manzano et al., 2005; Ramos et al., 243 

2006). 244 

High seed germination rates together with Low seed viability of ungerminated seeds 245 

after gut passage suggested that sheep may be an effective disperser of P. juliflora, 246 

whose invasion in south-east Egypt is along sheep grazing routes (Abbas et al., 2016). 247 

Although passage through the gut freed P. juliflora seeds from their pericarps, 248 

increasing and accelerating their germination, it also effecting their viability in 249 

comparison with uneaten seeds. This was probably caused by damage to the embryo 250 

by acidic conditions and enzymes during digestion (Blackshaw and Rode, 1991). 251 
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Once on the soil surface, sheep faeces may provide moisture necessary for the 252 

germination of P. juliflora, as well as nutrients for its seedlings (Ocumpaugh et al., 253 

1996). In the field, about 20% of excreted P. juliflora seeds can be preserved for longer 254 

than 6 months with viability in the faeces of mules (Gonçalves et al., 2013). However, 255 

the survival of P. flexuosa seedlings from dung-germinated seeds did not exceed 1 256 

week, whereas those seeds that did not remain in dung germinated during the rainy 257 

season showing higher survivorship (Campos et al., 2011). Clearly, more research is 258 

needed to determine whether secondary dispersal moves seeds into suitable microsites 259 

for germination (Jaganathan et al., 2016).  260 

The ability of sheep to disperse the seeds of the invasive neophyte P. juliflora should 261 

be taken into account when designing conservation and management plans in order to 262 

prevent its spread, for example by regulating the use of sheep along commercial routes, 263 

especially in nature conservation areas such as the Gebel Elba National Park. 264 

 265 

5. Conclusion 266 

Sheep can potentially disperse seeds of the P. juliflora that they eat. This should be 267 

taken into account when designing management strategies for P. juliflora in order to 268 

prevent its invasion into undesired areas. It could also be used as a management tool for 269 

spreading populations of desirable shrub species. 270 

 271 
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Table 1 398 

 Number of retrieved seeds by four sheep  24– 48, 48–72, 72–96, and 96-120 h after 399 

ingestion, seeds subjected to germination, germinated seeds and viable seeds for the 400 

invasive tree Prosopis juliflora from south-east Egypt 401 

  Sheep  

Period Treatment 1 2 3 4 Total 

24–48 h Retrieved seeds 16 20 30 23 89 

 Germinated seeds 8 15 22 18 63 

 Viable ungerminated seeds 0 0 0 0 0 

48–72 h Retrieved seeds 20 35 46 28 129 

 Germinated seeds 15 23 25 20 83 

 Viable ungerminated seeds 0 0 0 0 0 

72–96 h Retrieved seeds 8 11 12 9 40 

 Germinated seeds 1 2 2 1 6 

 Viable ungerminated seeds 0 0 0 0 0 

96-120 h Retrieved seeds 4 6 8 5 23 

 Germinated seeds 2 3 5 2 12 

 Viable ungerminated seeds 0 0 0 0 0 

 402 

 403 

 404 

 405 

 406 
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Table 2 407 

Morphological characteristics for uneaten and retrieved seeds by sheep for the invasive 408 

tree species Prosopis juliflora in South-east Egypt 409 

 Length 

(mm) 

Width 

(mm) 

 

Thickness 

(mm) 

 

Mass (g) Volume 

(mm3) 

Uneaten 

seeds 

6.2 ± 0.0b 3.9 ± 0.1b 2.4 ± 0.0a 0.042 ± 0.001a 58.8 ± 0.8b 

Retrieved 

seeds 

6.7 ± 0.1a 4.7 ± 0.1a 2.2 ± 0.1b 0.040 ± 0.001b 69.4 ± 3.2a 

Different letters in the same column indicate significant differences between uneaten and 410 

retrieved seeds (t-test, P ≤ 0.001). Values are mean ± SE (n = 50).  411 

  412 
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Figure legend 413 

Fig. 1. Location of Gebel Elba National Park in south-eastern Egypt, distribution of the 414 

invasive tree Prosopis juliflora (yellow circles), and location where its seeds were collected 415 

to feed the sheep (triangle) in Wadi Merakuan in the Park. 416 

Fig. 2. Percentage of final germination, number of days to first germination, mean time 417 

to germination (MTG),  for uneaten seeds without pericarp (C1), uneaten seeds with 418 

pericarp (C2), and seeds retrieved from sheep’s dung at 24–48 h, 48–72 h, 72-96 h, and 96-419 

120 h for the invasive tree Prosopis juliflora from South-east Egypt.  420 
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Fig. 1. 421 

  422 
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Fig. 2. 423 


