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Janzen, D. H. 1982. Differential seed survival and passage rates in cows and horses, 
surrogate Pleistocene dispersal agents. - Oikos 38: 150-156. 

Two female Costa Rican range cattle were fed 961 and 1407 large hard dormant 
seeds of the guanacaste tree Enterolobium cyclocarpum. Of the 823 and 1111 hard 
dormant seeds defecated, 66 and 86% had emerged by the end of the fifth day and 87 
and 96% had emerged by the end of the tenth day. By day 10, three range horses had 
defecated only 45, 50 and 71 % of the hard guanacaste seeds they would defecate. 
Compared with that of the cows, the daily distribution of seeds defecated by the 
horses had a proportionately lower peak, was proportionately much more skewed to 
the right and contained many days on which no seeds were defecated. The cows killed 
a maximum of 14-21 % of the seeds that they swallowed while the horses killed 
44-83%. A lower proportion of the seeds defecated by the cows were soft (dead or 
alive) than was the case with the horses, one cow did not defecate heavier seeds at a 
different rate than it defecated lighter seeds, and one cow produced highly variable 
numbers of seeds per dung pile each day. Given the working hypothesis that the large 
caecum of the horse selectively takes large seeds out of the flow of digest a and later 
puts them back into it in pulses as it cleans the caecum, I hypothesize that the 
differences between the cow and horse in the manner of defecating guanacaste seeds 
is due to the much smaller caecum of the cow not acting in this manner. Additionally, 
a horse chews and sorts its food more carefully at first intake than does a cow with 
respect to large hard objects; this may be in part due to the danger to a horse of a 
caecum obstructed by such objects. 

D. H. Janzen, Dept of Biology, Univ. of Pennsylvania, Philadelphia, PA 19104, USA . 

.rtBYM KOPOBaM MeCTHOI'O KOCTa-PHKaHCKOI'O CKOTa CKq::MHJ1H 961 H 1407 KpyIIItiX 

TB~ C€MRH ~ ryaHaKac~ (EntecoZobium cyeZocorpum). H3 823 H 1111 
C€MRH, Bb15parellltiX C cjleKaJlHlIlIIIi, 66 H 86% ~HO K KOHUY lIlITOI'O ,IJ;HR: H 87 
H 96% - K KOHUY ,[IeCirI'OI'O ,IJ;HR:. K ~ ,I1H!O '!'pH MeCTIti8 JJ:llla,I.lH Bb15pocH

JIH J1IllIlb 45, 50 H 71% OT ot:iI\eI'O K01lH'!ecTBa TB~ C€MRH ryaHaKa~, y,n,a
JreHIlbIK C ~. B cpaBHeHHH C KOPOBaMH, KpHBCIH ~eBHOI'O K01lH'!ecT

Ba CEMIH, Bb15paa,maeM.IX C cjleKaJIHlIMH, Y ~ HMeeT I1pOl1qx:(HOHaJlbHO 00-
nee HH3Km1 nHK H 6oncI1E YKJIOlllI:eTCf[ BnpaBO, a TaJOKe HaC'III'IbIBaeT MeHNIJee 

K01lH'!ecTBO ,I:lHel!:, KOr,IJP. Bb15paa>lBalOTCf[ CEMeHa. Y KopoB norn6aeT MaKCHMYM 

14-21% 3arJIa'lblBaeM.IX CEMrH, a Y ~ - 44-83%. MeHCilBf! qaCTb CEMIH, 

Bb15paa,maeM.IX KOPOBaMH, pa3MllT'l:eHa (~ H lI<Hm>Je CEMeHa), 'lEN 3TO Ha-

6.n!QI:\aJDcb Y ~;KopoBbI He l3bf5paa,maroT t5aJIee THlI<eJlbJe CEMeHa C HHOlt 

CKOPOCTblO, HelI!e7lH t5anee nerKHe; Y HHX ~eBHO Bb15paa,maeTCfl pa3HOe Ko

nH'l:ecTBO C€MRH B OTAeJlbIf>lX nenE!IlKax. lJpHHm3 paOoqyro rHn0Te3Y, 'ITO B cne

nolt KHlIIKe Y ~ ceJIeKTHBHO 3a,nepKHBa1OTCf[ KpyIlHIti8 CEMeHa H3 nOTOKa 

nepeBapeHHOO IlH!I\H, a 3aTEN CHOBa HM!ly.1lbCHBHO Bb15paa,ma!OTCf[ B 3TOT nOTOK 

lIPH npoqHCTKe cnenoo =, f[ ~onaraJO, '!TO pa3nH'l:Hf! Y KopoB H nara
,[lel!: B ,[lecjleKaI.\HH CEMIH ryaHaKac~ onpe,IlelllIIOT TEN, 'ITO I'Opa3.I\O MeHCilBf! 

no pasMepaM MJJe!ICIH KHlIIKa KOPOB He cPYHKr.IHoHl!pyeT TaKHM 06pa3CM. I\PClI1e To

I'O, .TICIIil,ll;b nepe>KeBblBaeT H CQpTHpyeT 11HIIlY 60nee 'IlI\1I.TeIlbHO lIPH 3arJIa'lblBa

HHH, 'lEN KopoBa, HME!f! B BIU1Y, 'ITO 3TO - ooeHb KpyIl!llHe H TB~ ~ 

Cl6beJ<n,j. 3TO qaCTH'l:HO !IOKeT 06bf!CHflTbClI orraCHOCTbIO ,[\Jlf! .lKI!I3,I:Iel!: 3acopeHHf! 

cnenoo = KpyIlHbMH TB~ I1HlI\eBbMH oObeKTaMH. 
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Introduction 

Central America had a large fauna of large herbivores 
as recently as 10000 yr ago, and there is no doubt that 
they ate wild fruits and dispersed their seeds just as do 
the contemporary large herbivores of tropical Africa 
and Asia (Janzen and Martin 1981). A number of trees 
in Costa Rican deciduous forest produce large-seeded 
indehiscent fruits that appear to be the kind that would 
have been consumed by large Pleistocene mammals. 
Contemporary range horse and cattle may be viewed as 
ecological surrogates of the extinct large mammals; they 
eat these fruits and disperse the seeds in their dung. In 
studying the interaction between livestock and those 
fruits (Janzen 1981a, b), it has become clear that the 
numbers of seeds in a single defecation strongly influ
ences seed survival in that it determines whether seed 
predator rodents will search through that dung (Janzen 
1981a, b). Additionally it is clear that if different 
species of animals digestively kill more seeds or retain 
the seeds longer than do others, then they will be dis
persal agents of quite different qualities. It is now clear 
that horses digest many seeds and a seed may spend as 
long as two months in a horse (Janzen 1981a, b); the 
present study asks whether cattle differ from horses in 
their seed retention time and in the number of seeds 
that they kill during passage, and documents the pattern 
of seed emergence per cow defecation. The experi
mental seeds are wild guanacaste tree seeds (Fig. 1) 
from a large native mimosaceous tree, Enterolobium 
cyclocarpum. This species was chosen because (1) the 
fruits are avidly eaten by range horses and cattle, (2) the 
comparative work with horses was done with these 
seeds, and (3) livestock are the primary dispersers of 
guanacaste seeds in contemporary Central American 
habitats. In view of the hypothesis that large herbivor
ous Pleistocene mammals were the original dispersal 
agents of guanacaste seeds (Janzen and Martin 1981), 
study of the interaction of cattle and this tree is not as 
artificial as it might seem. With this in mind, I fed each 
of two range cows a single dose of guanacaste seeds and 
monitored the survivorship, weight and distribution per 
defecation of the outcoming seeds. 

Materials and methods 

Animals: The cattle (Bos taurus) were two adult females 
of a race locally known as "swizo" (zebu crossed with a 
middle-European milk cow). Cow 1 had a new-born 
calf (1980) while cow 2 was barren that year (1979). 
They had spent their lives ranging free with a herd of 
about 100 zebu bulls and cows in the mixed grassland 
and deciduous forests of Hacienda Rosa Maria, a large 
cattle ranch that borders the southern boundary of 
Santa Rosa National Park in northwestern Guanacaste 
Province, Costa Rica (300 m a.s.l.). The two cows were 
placed in corrals about 2 wk after the beginning of the 
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rainy season (early June) and therefore after they had 
begun a rainy season diet of green grass and dicot leafy 
browse. While corralled, throughout the experiment, 
both animals were fed armloads of jl,\ragua (Hypar
rhenia rufa), the common pasture grass growing 
luxuriantly in the abandoned pastures of Santa Rosa. 
There were dicot herbs mixed in with the diet on 
occasion. The grass was cut twice daily and fed in the 
early morning and early afternoon. The amount was 
deemed adequate by the owner of the cattle and as 
much as twice that normally gotten by a free-foraging 
range cow in the overgrazed pastures of Rosa Maria. 
However, it was not enough to satiate the cows. The 
fecal material appeared normal and was not conspicu
ously different from that produced by free-ranging indi
viduals in the pastures a few meters from the corrals. 

The three range horses that are here compared with 
the cows lived in Santa Rosa (see Janzen 1981a, b for a 
detailed description). They were adult-sized geldings, 
tethered in lush stands of jaragua during the rainy sea
son, and accustomed to this diet. 

Neither the cows nor the horses were used for work 
or released for free-ranging activity during the course of 
the experiments. However, they walked about in their 
corrals or on their tethers. 

Feeding: In Rosa Maria (cows) and Santa Rosa 
(horses), the livestock are avid consumers of guanacaste 
fruits when they fall in the last third of the dry season 
(late March to mid-May). Cow 1 and cow 2 had un
doubtedly eaten many guanacaste fruits in the wild. If 
these fruits are offered during the rainy season, they are 
also eaten eagerly even when green grass is available 
(though the possibility of reduced consumption rates in 
the rainy season has not yet been examined). 

Cow 1 was induced to eat a large number of 
guanacaste fruits in one day in the following manner. 
For three days prior to the feeding of intact fruits, a 
small pile of de-seeded fruits were offered along with 
the armfuls of grass. After the cow became adjusted to 
confinement and accustomed to eating from a trough, 
she began to eat the guanacaste fruits as well. On 23 
June 1980, she was given a pile of 89 fruits containing 
1005 seeds. To insure that she ate all of the fruits in one 
day, molasses was sprinkled on the pile of fruits. All 
fruits were from the same guanacaste tree (growing in 
central Guanacaste Province, 1980 crop), fresh, and 
free of insect damage. That day she ate all the fruits and 
she spit out out 15 seeds while chewing up the fruits. 
While chewing her cud, she spit out another 29 seeds. 
On the day of feeding the fruits, she was given no grass 
until mid-after-noon (after about 2/3 of the fruits had 
been eaten). She ate the remainder of the fruits along 
with the grass. 

Cow 2 was induced to eat a large number of fruits 
containing 1561 seeds over 1.5 d in the same manner, 
except that no molasses was sprinkled on the fruits 
(20-21 June, 1979). This cow spit out or regurgitated 
154 seeds (9.9%) while eating the fruit. I wanted both 
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Fig. 1. a. A portion of a newly fallen crop of Enterolobium 
cyclocarpum fruits (ruler is 15 cm long). b. Indehiscent fruit of 
E. cyclocarpum with a portion of the fruit wall cut away to 
expose the seeds in their cavities. Santa Rosa National Park, 
Guanacaste Province, Costa Rica. 

cows to eat a large number of seeds in one day to simu
late the event of a small herd of range cows coming 
upon a newly fallen crop of several thousand guanacaste 
fruits. 

The range horses customarily spit out about half or 
more of the seeds in the guanacaste fruits they eat (Jan
zen 1981a), and there is severe mortality among the 
guanacaste seeds that they swallow (Janzen 1981b). I 
wanted to get enough seeds into them in the single meal 
that there would be enough seeds coming out to form a 
distribution with a reasonable number of data points. I 
therefore force fed them 143 to 180 clean seeds (Janzen 
1981 b). This is not such a drastic departure from nature 
as it may seem, since in contrast to cows, horses chew 
the fruits so thoroughly that the seeds are no longer 
imbedded in fruit pulp at the time that they are swal
lowed. Furthermore, a free-ranging horse may swallow 
200-350 guanacaste seeds per day if it has access to a 
large guanacaste fruit crop (Janzen 1982c). 

The dung from all animals was monitored for 3 d be
fore the experimental feeding, and no seeds were en
countered. Each cow had no access to fallen guanacaste 
fruits in the wild for at least a month before being cor
ralled. The three horses had not had access to wild 
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guanacaste fruits for at least a year before the experi
ment. 

For cow 1, each dung pat (pile) was collected sepa
rately. The seeds were washed out by putting the pat 
into solution in a large pail and pouring off the liquid. 
The large seeds have a specific gravity of about 1.3 and 
can easily be found in the bottom of the pail after pour
ing off most of the liquified dung. Cow 2's dung was 
pooled in 24 h aggregates. The seeds were likewise 
found by washing. The seeds were located in horse dung 
in the same manner and the seeds were pooled by 24 h 
aggregates (Janzen 1981b). When counting, day 1 re
fers to the period from dawn of the first day after feed
ing the seeds until dawn of the second day. 

The dormant hard seeds from cow 1 were kept sepa
rate by day and weighed. These data were not collected 
for the other animals. 

Seeds: A sample of 20 of the guanacaste seeds defe
cated on day 5 by cow 1 had a specific gravity of 1.319 
which does not differ from the value of 1.321 recorded 
in the trials for the horses (Janzen 1981b). However, 
there are other guanacaste trees that produce seeds with 
a specific gravity as low as 1.24 and as high as 1.38. All 
seeds recorded here as "hard dormant" are viable, if I 
may infer from germination tests on thousands of other 
normal-appearing hard dormant guanacaste tree seeds 
(unpub!'). The seeds and fruits fed to both the cows and 
horses were normal in color, shape and surface texture 
(smooth flattened ovals). A "soft live" seed (Tab. 2) is a 
seed that has begun to germinate in the digestive fluid of 
the cow and then was defecated before it was killed. A 
seed was regarded as "soft live" if when placed in shal
low water it continued to take up moisture and the 
cotyledons emerged from the seed coat. A "soft dead" 
seed is one that germinated in the cow and then was 
defecated after the digestive fluids had killed it. In ad
dition to the seeds recorded in Tab. 1 for cow 1, there 
were a very few seed coat fragments (these were not 
censused for cow 2). In contrast, horse dung contains 
many fragments of guanacaste seed coats from the seeds 
killed by the digestive processes in the horse (Janzen 
1981b). 

Results 

Seed survival: While at least 17-56 % of the seeds that 
were fed to the horses survived the trip through the 
animal, at least 79 and 86 % survived the trip through 
the cows (Tab. 1). However, by soaking in water a con
trol set of 1000 of the seeds fed to the cows, it was 
determined that a small fraction would have germinated 
irrespective of the digestive abilities of the animals' 
guts. Subtracting this amount, I calculated that 925 and 
1379 hard dormant seeds were swallowed by the two 
cows; 89 and 81 % of these seeds were defecated by the 
cows in a hard dormant state (Tab. 1). The seeds used 
to feed the horse had been so thoroughly pre-soaked 
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Tab. 1. Fate of Enterolobium cyclocarpum seeds fed as single dose to two cows and three horses2 • 

Cow 1 Cow 2 Horse 1 Horse 2 Horse 3 

Total seeds fed .................................................. 961 1407 150 180 143 
% seeds surviving passage ......................................... 86 79 56 17 44 
Total hard dormant seeds fed! ..................................... 925 1379 150 180 143 
% hard dormant seeds surviving passage! ........................... 89 81 53 17 39 
% defecated hard dormant! seeds that were defecated by day 5 ....... 66 86 14 71 18 
% defecated hard dormant! seeds that were defecated by day 10 87 96 50 71 45 

1. These seeds were all viable. 
2. In part based on data extracted from Janzen 1981b. 

Tab. 2. Diary of seed defecation by two adult range cows fed a single dose of Enterolobium cyclocarpum seeds. 

Cow 1 Cow 2 

Day Number hard 

° 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

seeds per 
defecation 

0,0,0,0,0,0,0 .............. 

2,2,1,0,0,0,0 .............. 
7,5,2,2,0 ................. 
38,27,21,12,12 ............ 
81,24,21,8,5,5,5,1 ......... 
53,52,33,32,24,22,19,14,11 
7,6,6,5,5,4,3,3,2,1 . . . . . . . . . 
10,3,3,2,1,1,0 ............. 
21,8,5,4,4,3,2,1 ........... 
10,9,6,4,3,1,1,0,0 .......... 
9,5,4,3,3,2,1,1,1,1 . . . . . . . . . 
8,4,3,3,2,2,0,0 ............ 
4,2,1,1,1,1,0,0 ............ 
2,2,2,1,1,0,0 .............. 
2,2,1,1,1,0,0,0,0 ........... 
0,0,0,0,0,0,0 .............. 
5,5,4,4,3,2,0 .............. 
2,2,0,0,0,0,0,0 ............ 
4,3,1,1,1,0,0,0 ............ 
2,2,1,1,1,0,0 .............. 
0,0,0,0,0,0,0 .............. 
2,2,1,0,0,0,0 .............. 
2,1,1,0,0,0,0 .............. 
1,1,1,1,0,0,0,0 ............ 
1,1,0,0,0,0 ................ 
1,0,0,0,0,0,0 .............. 
1,0,0,0,0,0 ................ 
0,0,0,0,0,0 ................ 
0,0,0,0,0,0,0 .............. 

Total X 
hard hard seed 
seeds weight (mg) 

5 663 
16 651 

110 662 
150 669 
260 648 

42 635 
20 645 
48 662 
34 648 
30 627 
22 626 
10 726 
8 664 
7 646 

N/A 
23 638 

4 661 
10 604 
7 660 

N/A 
5 736 
4 673 
4 718 
2 801 
1 524 
1 629 

N/A 
N/A 

that none of the controls germinated in water. However, 
some seeds exited in a soft (dead or alive) state and if 
these are removed from the calculation, then the horses 
defecated 17-53% of the hard dormant seeds swal
lowed as hard dormant seeds. 

Of the 925 hard dormant seeds swallowed by cow 1, 
only 34 were defecated in the soft state (4 % ) and cow 2 
defecated no soft seeds (Tab. 2). In contrast, 12-18% 
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s.d. 
hard seed 

weight (mg) 

120 
107 
109 
113 
111 
125 
133 
112 
115 
131 
106 
92 
70 

118 
N/A 
141 
101 
116 
97 

N/A 
97 

140 
65 
33 

N/A 
N/A 
N/A 
N/A 

Number 
soft 

live seeds 

2 

2 
2 

Number 
soft 

dead seeds 

14 
4 
3 
1 
3 

2 

% 
defecated 
of hard 
seeds 

defecated 
(823) 

961 seeds 
swallowed 

0.6 
1.9 

13.4 
18.2 
31.6 

5.1 
2.4 
5.8 
4.1 
3.7 
2.7 
1.2 
1.0 
0.9 

% 
defecated 

of hard 
seeds 

defecated 
(1111 ) 

1407 seeds 
swallowed 

10.8 
33.8 
24.5 
13.6 
3.0 
5.0 
3.4 
0.6 
0.8 
0.5 
0.6 
0.6 
1.2 
0.2 

2.8 0.4 
0.5 0.1 
1.2 0.9 
0.9 

0.6 
0.5 
0.5 
0.2 
0.1 
0.1 

of the seeds defecated by the horses were soft (Tab. 1, 
Janzen 1981b). These differences among the cows and 
horses were expected since while on only a few 
occasions seed coats were found in the cow dung, seed 
coats were commonplace in the horse dung. From all of 
the animals except one horse, the majority of the soft 
seeds were dead at the time of defecation. 

The weights of the seeds passing through cow 1 were 
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recorded each day (Tab. 2). A sample of 300 seeds 
taken at random from the same fruit crop as produced 
the fruits cow t' ate, had a mean weight of 653 mg per 
dormant hard seed (s.d. = 118). Since this mean is not 
different from the weights of any daily set of more than 
five seeds defecated by cow 1 or from the grand mean of 
all seeds defecated by cow 1 (X = 652 mg, s.d. = 119), 
there is no hint that seeds of a particular weight were 
more likely to survive the passage than were seeds of 
any other weight. 

Duration of trip: As the cow experiments were (un
avoidably) terminated after day 28 and 18 (Tab. 2), I 
cannot state the maximum time a cow may carry a 
guanacaste seed in its intestinal tract. However, it was at 
least 26 and 18 d in the case of these two cows. The 
three horses carried seeds at least 33, 60 and 48 d. I 
suspect that both kinds of animals may carry a few dor
mant hard guanacaste seeds for as much as months 
more, but quite different experiments will be required 
to demonstrate that. Certainly the percent seeds poten-

tially carried a long time by a cow is much smaller than 
the percent potentially carried a long time by a horse. 
With respect to t)te transit time of the majority of the 
seeds defecatedli.e., in the case of cows, the great 
majority of the seeds swallowed), the cows and horses 
differed substantially. By day 5, the cows had defecated 
66 and 86% of the seeds to be defecated and by day 10, 
87 and 96% of the seeds had been defecated (Tab. 1). 
The horses on the other hand had only defecated 14, 18 
and 71 % by day 5 and 45, 50 and 71 % by day 10. On 
day 5, the cows and horses are not significantly different 
(t3d•f. = 1.99, n.s.) but by day 10 they are (t3d.f. = 3.88, 
P < 0.05, all tests on arcsin transformed data). The hard 
seed defecation pattern of the cows was characterized 
by a rapid and continuous buildup to day 4-5 or day 2, 
followed by a rapid decline to a long tail (Tabs 2, 3). 
The horses did have a few days of seed-rich dung 
(Tab. 3) but the pattern is much more irregular and on 
many days there were no hard seeds defecated even 
when a horse still had numerous seeds inside. Since the 

Tab. 3. Comparison of seed defecation patterns by two cows and three horses fed a single dose of Enterolobium cyclocarpum 
seeds. 

% of defecated hard dormant seeds that were defecated on day n 
Day (Number hard seeds defecated) Cow 1 Cow 2 Horse 1 Horse 2 Horse 3 

(823) (1111) (80) (31) (56) 

1 . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 11 
2.............................................. 2 34 
3.............................................. 13 25 
4.............................................. 18 14 
5.............................................. 32 3 
6.............................................. 5 5 
7.............................................. 2 3 
8.............................................. 6 1 
9.............................................. 4 1 

10.............................................. 4 1 
11...... .............. ..... ........ .. .. .. .. .. .. . 3 1 
12.... . .. ............ .... ...... ..... ............ 1 1 
13.... ... ................... . ................... 1 1 
14.... ....... ......... ..... .......... .. .. ...... . 1 
15 ............................................. . 
16.............................................. 3 
17. '" ... .............. .. .. ............. .... .. .. 1 
18.... .. ... .. .......... .. .. . ............ .... .... 1 1 
19. .. ........ ... .. .. ........ ... ................. 1 discontinued 
20 ............................................. . 
21. '" ........ ..... .. ........ ................... 1 
22.... . .. ............ ..... ...... .... ............ 1 
23.... ........ ....... ........................... 1 
24 ............................................. . 
25 ............................................. . 
26 ............................................. . 
27 ............................................. . 
28 ............................................. . 
29 .............................................. discontinued 
30 ............................................. . 
31 ............................................. . 
32 ............................................. . 
33 ............................................. . 
34-59 ......................................... . 
60 ............................................. . 
61-70 ......................................... . 
71 ............................................. . 
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5 16 
8 39 
1 3 

13 

29 
4 
3 

14 
4 
3 

3 

1 

3 
9 

10 
8 

1 

3 

19 

2 
2 

14 
2 

18 
5 
2 
2 
2 
2 

14 

7 
9 

4 
4 

9 

4 

discontinued discontinued discontinued 
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distribution of defecated seeds is highly skewed toward 
long duration time in the animal in both cows and 
horses, a mean of the time in the animal has not been 
calculated. Cow 1 and cow 2 defecated the largest 
number of seeds on days 5 and 2; the horses produced 
the largest number on days 8, 3 and 10 (Tab. 3). The 
respective medians are on days 5 and 3, and days 10, 3 
and 13. 

Duration of trip for seeds of different weighis in cow 1: 
No batch of hard seeds defecated on one day had a 
mean weight different from that of the seeds defecated 
on any other day (Tab. 2). Since guanacaste seeds 
within a fruit crop are very similar in shape and volume, 
and since this volume is directly proportional to weight 
(unpub!.), I doubt that the specific gravity of the seeds 
in any daily defecated batch differs from that of any 
other daily batch. The data in Tab. 2 suggest that soft 
seeds pass through faster than hard ones (soft seeds 
have a lower specific gravity) but in fact no conclusions 
can be drawn because a soft seed becomes soft at an 
unknown point along the journey. Inspecting the raw 
data, I find no indication in the daily records that there 
is a distribution over time of very heavy or very light 
seeds that is different from that of medium-weight 
seeds. 

Hard seeds per defecation from cow 1: Even though 
cow 1 passed seeds through rapidly and digested few of 
them, she did not generate a uniform or high number of 
seeds in each defecation. The number of hard seeds in a 
single defecation ranged from 0 to 81 during the period 
of defecation (day 1-26, Tab. 2). There were defeca
tions containing less than 10 seeds on every day but the 
3rd and 5th, and after the 5th day, defecations with 0-5 
seeds were the usual case. On each, day, the seeds were 
not evenly distributed among the 5-10 defecations. For 
example, even on the day of the 81-seed defecation a 
defecation with only 1 seed also occurred. Cow 1 defe
cated an average of 7.51 times per 24 h (the frequency 
of 5, 6, 7,8, 9, and 10 times per day was 5, 24, 63, 80, 
36, 10 respectively). Considering only the 26 day period 
during which she defecated seeds, there was an average 
of 4.26 seeds per defecation (n = 193, s.d. = 9.73). 
However, this average is highly misleading because of 
the large number of zeros and values very far above the 
mean. Only 20 (10.4%) of the defecations contained 4 
or 5 seeds. 

Force-fed fruit-free seeds vs. seeds in fruits: The cow 
was fed the seeds in the fruits and therefore chewed 
both seeds and fruits before swallowing them. This ap
pears to have resulted in little or no scarification of the 
seeds. While this may be due to the more rounded edges 
of cow molars, I also have the impression that cows do 
not grind the fruit and seed mass as intensely as do 
horses. Cows appear to make no effort to separate the 
seeds from the fruit when chewing while horses chew 
until many of the seeds are separated from the fruit 
mass. When I placed my ear against the side ofthe head 
of a cow that was chewing guanacaste fruits, I but rarely 
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heard the molars bounce off the hard seeds. However, 
when a horse was 'chewing guanacaste fIlJits, the sound 
of molars hitting a hard seed was heard fr~quently. The 
data for horses in Tab. 1 (derived from Janzen 1981b) 
was based on horses force-fed guanacaste seeds and 
therefore the seeds were not contacted by the molars. 
Even in this case, there was substantially less seed survi
val in the horses than in the cows. HoW)::ver, in the 
Janzen 1981b study, four horses were also fed entire 
guanacaste fruits as part of a study of the effects of 
continuous input of guanacaste seeds. It was clear from 
the early part of the seed defecation record of these four 
horses that when they were fed guanacaste seeds in 
fruits, they had the same kind of seed defecation pattern 
as did horses force-fed fruit-free seeds. 

Discussion 

Cows are quite different from horses at all levels of 
interaction with guanacaste seeds. When a cow eats a 
guanacaste fruit, it holds the long axis of its head 
roughly horizontal and allows almost no seeds to fall out 
as the fruit is chewed. A horse chews up a guanacaste 
fruit while holding the long axis ofthe head nearly verti
cal and allows many seeds to fall out, and actively 
pushes seeds out of its mouth with its tongue as it chews. 
Even when a cow chews its cud, it only spits out a few 
seeds, suggesting that guanacaste seeds are small 
enough and/or dense enough to pass on through the 
orifice into the second chamber of the stomach rather 
than come back up with the large particle regurgitate for 
a second chewing. Once the seeds have been completely 
swallowed, the cow digests only a few of them and defe
cates the bulk of those that will be defecated in the first 
5-10 d after feeding. The horse digests many of the 
swallowed seeds and has a much more attenuated daily 
record of distribution of seeds among the dung. 

Both the seed digestion and passage rate differences 
among these two animals are counter-intuitive if intui
tion is based on the fact that horses pass forage through 
rapidly (2-4 d) and do not digest it thoroughly, while 
forage may take 2-3 times as long to move through a 
cow and be much more thoroughly digested in the pro
cess (Janis 1976). I hypothesize that the difference is at 
least partly based on the large and well-developed 
caecum in the horse. I have hypothesized that many of 
the dense guanacaste seeds are diverted into the horse 
caecum and remain there to be removed in small 
batches as the caecum periodically cleans itself. This 
hypothesis is being tested at this time (Janzen unpub!.). 
A long residence in the caecum exposes the seed coat to 
potential chemical scarification for much longer than 
would be the case if the seed went through the intestinal 
tract at the same rate as the small particle digesta. 
Whatever the ability of the seed coat to withstand 
chemical degradation, the longer the seed coat is subject 
to this process, the more likely it is to become perme
able to water and initiate germination. A germinating 
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guanacaste seed can only survive a few hours in the 
horse digestive tract (Janzen study in progress). Second, 
this pattern of 'seed handling by the horse gut should 
minimize the seed-dung ratio in the horse's feces, with 
the consequences that the seed shadow will be more 
diffuse, and seed predators that search in the dung for 
seeds will be less likely to find them (Janzen 1982a, b). 

The working hypothesis that the caecum is the site of 
seed retention by horses leads to a hypothesis as to why 
horses bother to spit out large hard seeds and why cows 
do not. A cause of colic (abdominal pain) in riding 
horses is obstruction of the caecal orifice with hard 
objects eaten along with vegetative forage (Van Soest 
pers. comm.). If a horse were to eat a large number of 
guanacaste fruits in a short period and not spit out the 
seeds, there could be impaction of caecal material with a 
high concentration of seeds. It is perhaps relevant that a 
common cause of appendicitis in humans is impaction of 
the appendix with grape seeds and other small objects. 
A cow has a very small caecum of 1-21 volume. Appar
ently only a small amount of digesta is processed by it. 
Since guanacaste seeds are not strongly delayed in their 
passage through a cow, there is no need to postulate 
that they are being delayed in the caecum. On the other 
hand, they do not all pass through in the 4-8 d used by 
the vegetative digesta. I suspect that just as stones, nails 
and other hard objects settle to the bottom of bovid 
rumens and may take a long time to be passed on, the 
guanacaste seeds are being mildly delayed by being held 
up in the depths of the rumen. It is likely that the seeds 
unaccounted for in the two cows were lodged at this site 
if they were not already digested. 

How the various detailed differences between the 
cow and the horse relate to their quality as dispersal 
agents of guanacaste seeds will depend on other vari
ables such as exact sites of defecation, differential 
foraging by mice in horse and cow dung, foraging re
sponses of mice to patterns of mixing of seed-rich defe
cations with seed-poor defecations (Janzen 1982a, b), 
seasonal movements of cows and horses as the dry sea
son comes and goes, the relative effect of other dietary 
items on seed passage and survival, and the availability 
of other animals as dispersal agents. While the horse 
was in Costa Rica during the Pleistocene (Janzen and 
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Martin 1981), there was no large bovid cow-like animal 
south of Nicaragua. On the other hand, E. cyclocarpum 
ranges north into the lowlands of Mexico, and the low
land tropics of northern Central America and southern 
Mexico were subject at the least to Pleistocene bison, 
animals that might well have treated guanacaste fruits 
and seeds as do contemporary cows. 

It is easy to imagine that the three kinds of guanacaste 
seed shadows that may by generated by horses, cows, or 
horses and .cows would be quite different not only be
cause of the way that the guts of horses and cows treat 
the seeds, but because of the different group sizes and 
ranging patterns of the two animals. Likewise, it is easy 
to imagine that the details of the distribution of adult 
guanacaste trees over the lowlands of Central America 
would be quite different with any of these three seed 
shadows. When mastodonts, mammoths, and ground 
sloths are considered as yet additional dispersal agents 
(Janzen and Martin 1981), even more kinds of seed 
shadows may be postulated. 
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