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Abstract 
 

The native vegetation on the Galapagos Islands has for a long time been threatened by 
introduced plants and the most widespread plant on several of the islands, common guava 
(Psidium guajava), is also consumed by the Galapagos giant tortoises (Chelonoidis nigra) in 
large quantities. The role of the Galapagos giant tortoises as seed dispersers on the Galapagos 
Islands is poorly studied. This is why it is important to study the passage time through the 
digestive tract as part of the understanding of how far the tortoises are able to disperse seeds. 
Ingested pseudo- and natural seeds were used as markers to track the gut passage time. 

Nineteen tortoises were fed pseudoseeds of different size to investigate the variability of 
the different sizes in passage time through the gut. Some of the tortoises were in addition 
given a mix of artificial seeds with known specific gravities or natural seeds of papaya 
(Carica papaya), passion fruit (Passiflora edulis) and common guava. Different types of 
seeds were given in order to observe the difference of gut passage time of the different kinds. 
The tortoises were fed only once with two hundred pieces of each kind in a given mix. Fecal 
samples were collected, washed and the recovered seeds were counted. The nineteen tortoises 
were divided into four groups and each was studied in a time sequence. The first two groups 
were studied in the cooler season and the last two groups in the hot season. 

The nineteen tortoises were fed a total of 22 000 seeds and 86 % of these were recovered. 
The results show that the gut passage time was individual between the tortoises. Seeds were 
frequently recovered between the first and the last seed observation. The first seeds appeared 
in all individuals from 6 to 13 days after seed ingestion. The longest seed transit was observed 
after 33 days, which indicates that the chances that seeds get dropped far away from their 
original site are high. The tortoises spread ingested seeds in both small and high frequencies 
on both short and long distance. No clear conclusions on the difference of the pseudoseeds of 
various sizes could be drawn. No clear difference among and in between the fruit seeds and 
the pseudoseeds were found either, which makes the gut passage time of the pseudoseeds 
comparable to natural seeds. The gut passage times also varies between the tortoises studied at 
different time periods. The gut passage time is faster in the hot rainy season than in the cooler 
season, suggesting that e.g. temperature or hormone levels affect the gut passage time. Due to 
our results together with the knowledge of the movement pattern of the tortoises, it is 
suggested that Galapagos giant tortoises could have a strong role on the vegetation dynamics 
as seed dispersers on the Galapagos Islands. 
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Resumen 
 
La vegetación nativa de las Islas Galápagos, desde hace mucho tiempo, ha sido amenazada 
por diferentes plantas exóticas que han sido introducidas en las islas. La guayaba común 
(Psidium guajava) y la maracuyá (Passiflora edulis), por ejemplo, son plantas que consituyen 
una gran mayoría de la vegetación en muchas de las islas. Se presume que las tortugas 
dispersan las semillas ingeridas debido a que estos frutos son consumidos por las tortugas 
gigantes de Galápagos (Chelonoidis nigra) en grandes cantidades. El papel que desempeñan 
las tortugas gigantes como dispersores de semillas en las Islas Galápagos ha sido poco 
estudiado. Por esta razón, es importante estudiar el tiempo de paso de las semillas por el tracto 
digestivo de las tortugas, para poder tener un mejor entendimiento de que tan, lejos son 
capaces de dispersar las semillas. 

Con el fin de realizar el seguimiento del tiempo de paso intestinal en la tortuga de 
Galápagos, las tortugas fueron alimentadas con semillas naturales y artificiales que fueron 
utilizadas como indicadores. Estas semillas luego fueron recuperadas en sus heces. Se 
dividieron 19 tortugas en cuatro tratamientos de rutas de alimentación diferentes y fueron 
estudiadas en una secuencia de tiempo. Todas las tortugas fueron mantenidas en corrales al 
aire libre en condiciones naturales. Los ensayos de alimentación se realizaron entre noviembre 
del 2009 hasta marzo del 2010, donde la temperatura aumentó de forma continua desde la 
primera alimentación hasta la última.  

Con el fin de investigar la variabilidad en el tiempo del paso por el intestino, las tortugas 
fueron alimentadas varios tipos de semillas artificiales, cada una representando un rango de 
tamaño de semillas de frutas naturales normalmente consumidas por las tortugas de vida 
silvestre. Semillas naturales de papaya (Carica papaya), maracuyá (Passiflora edulis) y la 
guayaba común (Psidium guajava) fueron dadas como control para observar si existe alguna 
diferencia entre las semillas artificiales y las semillas de frutas. Las semillas artificiales fueron 
codificadas por color para cada tortuga, para poder distinguir entre sus heces. Las tortugas 
fueron alimentadas sólo una vez y las semillas fueron entregadas a las tortugas escondidas en 
trozos de fruta. Las tortugas fueron visitadas con frecuencia y las muestras de heces recogidas 
fueron lavadas y las semillas recuperadas fueron contadas. Una proporción de 86% de las 
semillas ingeridas por todas las tortugas fue recuperada. Los resultados muestran que el 
tiempo de paso intestinal fue individual entre las tortugas. Las semillas aparecieron por 
primera vez en todos los individuos de 6 a 13 días después de la ingestión de semillas. La 
semilla de tránsito más largo se observó después de 33 días, lo que indica que las 
probabilidades de que las semillas caigan lejos de su lugar de origen son altas. Las tortugas 
propagaron las semillas ingeridas con mucha como con poca frecuencia, igual que las 
propagaron tanto a largas como a cortas distancias. No se pueden hacer conclusiones claras 
sobre la diferencia de las semillas artificiales de diferentes tamaños. No se observaron 
diferencias claras entre las semillas de las frutas y las artificiales, lo que indica que la 
velocidad de tránsito intestinal de las semillas artificiales es comparable al de las semillas 
naturales.  

El tiempo de paso por el intestino también indica que este puede ser afectado por los 
cambios estacionales. Una fuerte correlación entre la temperatura más alta y la tasa de 
digestión más rápida se ha observado. Debido a nuestros resultados, junto con el 
conocimiento del patrón de movimiento de las tortugas, se sugiere que las tortugas gigantes de 
Galápagos podrían tener un papel importante en la dinámica de la vegetación como 
dispersores de semillas en las Islas Galápagos.
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Introduction 
 
The Galapagos Islands have during the last 200 years been threatened by introduced animals 
and plants. The native vegetation has been invaded by many introduced species (review by 
Schofield 1989), for example common guava (Psidium guajava) and passion fruit (Passiflora 
edulis), which are the most widespread plants on several islands (Guézou et al. 2010, 
Eckhardt 1972 and Tuoc 1983; quoted from Schofield 1989). Cattle are known to disperse the 
fruits by eating them and excreting the seeds (De Vries & Black 1983 quoted from Schofield 
1989), while saurochory (seed dispersal by reptiles) has received limited attention (Moll & 
Jansen 1995). The Galapagos giant tortoises (Chelonoidis nigra) were considered as plant 
dispersal agents by Ridley (1930). Nevertheless, the role of these tortoises as seed dispersers 
is poorly studied. One of the pressing needs is to study the gut passage time which will be 
addressed in this paper. The gut retention time can be used as an index of the potential seed 
dispersal distance (Willson 1989). It is known that the Giant Tortoises migrate seasonally, but 
ongoing studies on distances have not yet been published. 

The Galapagos giant tortoise, Chelonoidis nigra, also called Geochelone nigra or Geochelone 
elephantopus (The Reptile Database 2011), is recognized as the largest living tortoise. Four 
out of fifteen known Galapagos tortoise species have gone extinct (Caccone et al. 2002). 
Tortoises from various Galapagos Islands differ in their carapace shapes (Porter 1822). There 
are morphologically two distinctive shell shapes, saddle-backed and domed, among the 
different tortoise species (Van Denburgh 1914, Fritts 1984). The Galapagos Islands were 
named after the saddle-backed tortoises which have an elongated carapace shape, turning 
upwards in the front and thereby resembling a Spanish saddle called galapago (Porter 1822) 
by sailors. Apart from carapace shape, saddle-backed tortoises also differ from domes in size, 
color and behavior (Porter 1822, Van Denburgh 1914). The saddle-backed populations are 
mostly found on low elevation islands with dry conditions, where food resources are limited 
while the domes are found on higher elevation islands, where the habitat is cooler and humid 
with abundant thick vegetation. The domes usually graze along ground level, while the 
saddle-backed use their long neck to graze on higher vegetation, since their natural habitat 
contains little or no ground vegetation (Caccone et al. 2002). 
 
Tortoises are generally strictly herbivorous animals (Meylan 2001) and their diet is dominated 
by fruits, seeds, vegetative plants and fungi. During the rainy season, they consume more 
fruits than vegetative part of plants (Guzmán & Stevenson 2008). When tortoises eat, they 
tear off pieces of food small enough to fit in their mouth and swallow them. Their way of 
eating, compared to mammals who masticate the food, contributes to high seed viability of 
ingested seeds. Seed viability of 91�100 percent for the three most abundant plant species has 
been observed in feces of yellow-footed tortoises (Geochelone denticulata) and red-footed 
tortoises (Geochelone carbonaria) in Brazil (Strong & Fragoso 2006). In 14 fecal samples 
from the two species, 646 seeds of eleven plant species were found in a study by Strong & 
Fragoso 2006. In the longer study by Guzmán & Stevenson (2008) which took place both in 
the dry and the wet season, 62 fecal samples of G. denticulata were analyzed and 21425 seeds 
of 55 plant species were found. 
 
Survival and quality of ingested seeds depend on the treatment that the seeds receive in the 
mouth and digestive tract of the animal, as well as on the environmental suitability at the 
location where they are deposited. The quality of the seeds which have passed through the 
digestive tract of a tortoise, compared to seeds that have not been consumed, was tested by 
estimating germination rates and recruitment probabilities of seedlings (Guzmán & Stevenson 
2008). Seeds eaten by tortoises had higher germination rates than unconsumed ones (Guzmán 
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& Stevenson 2008). In another germination study, native tomato seeds that were ingested by 
the Galapagos tortoise had a higher germination (both speed and percentage) compared to 
seeds which were not ingested (Rick & Bowman 1960). However, germination tests by Moll 
& Jansen (1995) did not show any significant difference between seeds which passed through 
the digestive tract compared to uneaten seeds. 
 
Seeds of native tomato species of the Galapagos Islands have extreme seed dormancy with 
indefinite duration. In this case, the dormancy mechanism is a simple mechanical obstruction 
of emergency by the seed coat. Search for dormancy-breaking treatments, e.g. soaking in 
water, application of acids and various temperatures has given no result (Rick & Bowman 
1960). Even seeds that were collected in their native environment, from rat droppings under 
plants, do not germinate. Tomato species might have evolved seed dormancies to prevent 
germination under unfavorable conditions, but also to facilitate dispersal by the tortoises and 
other agents. Tortoises might be an important natural agent in breaking seed dormancies, as 
well as effectively dispersing seeds (Rick & Bowman 1960).  
 
The aim of this study is to estimate the gastrointestinal tract passage times in the Galapagos 
giant tortoise (Chelonoidis nigra) for further investigation of the role of these tortoises as seed 
dispersal agents on Galapagos. Questions to be answered are:  

 How long is the minimum, median (when half of the ingested seeds been recovered) 
and the longest Gut Retention Time (GRT) in the Galapagos giant tortoises?  

 Is there any difference in passage time between fruit seeds and pseudoseeds in the gut 
of a tortoise? This information is important to investigate because the fruit seeds may 
differ in gut passage time due to activity of fruit enzymes.  

 Does the size of the seeds affect the gut passage time? 
 
Findings about the passage time together with movement patterns would make it possible to 
model a tortoise-generated seed shadow (Vellend et al. 2003). Tortoises’ effectiveness as seed 
dispersers can be evaluated by dispersal quantity and quality studies. Dispersal quantity is 
abundance of seeds in feces, frequency of droppings and population density of the disperser, 
while movement patterns, habitat use, germination rates of dispersed seeds and recruitment 
probabilities of seedlings describe dispersal quality (Schupp 1993, Guzmán & Stevenson 
2008).  
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Material and Methods 
 

Study Area 
 
The study was conducted at the Charles Darwin Research Station (CDRS), located in Puerto 
Ayora, on Santa Crúz Island, Galapagos. Charles Darwin Station has a captive breeding 
facility where young tortoises get released back into the wild for restocking populations 
exposed to high mortality. Adult tortoises residing at the station are displayed for visitors. All 
tortoises are kept in corrals under semi-natural conditions outdoors where they get exposed to 
the natural weather and same light conditions as the tortoises in the wild. The tortoises cannot 
forage like those in the wild due to insufficient edible growth in the corrals, and are therefore 
fed by CDRS staff.  
 

Two corrals of different size and location were used for this study. The corral used most 
frequently is located behind the Charles Darwin Station along the beach side and has a size of 
8 x 13 m.  This small corral is surrounded with walls of loose volcanic stones, and along one 
side there are bushes of saltbrush (Cryptocarpus pyriformis), falling over the wall and 
touching the ground. The corral has an artificial water pool and shaded area with roof in two 
of the corners. The irregular ground is made of volcanic rocks and juvenile plants 
occasionally grow up in existing cracks between them. The other study corral is located in the 
center of Charles Darwin Station and has a size of approximately 22 x 45 m. The environment 
is similar to the small corral. Unlike the small corral, the vegetation in the large corral is 
abundant with plant species like saltbrush, yellow cordial (Cordia lutea) and tree prickly pear 
(Opuntia echios). This corral has an artificial water pool and a food platform where the 
tortoises get fed. 
 
The small corral was thoroughly cleaned and old dung was removed to obtain a more 
controlled environment before the project started. The same procedure was made in the big 
corral as far as possible.  
 
Climate and Weather 
 

The subtropical climate on Galapagos is characterized by two seasons, a hot wet season that 
runs from January till May and a cooler dry period ranging from June to December (Grant & 
Boag 1980, Trueman & D'Ozouville 2010). The hot season generally has its peak in February 
and March, while the cool season peaks in August�October. The numbers of sun-hours per 
day are also higher during the hot season. The annual rainfall statistics vary and therefore both 
mean and median data for different years are presented here. The median annual rainfall at the 
Charles Darwin Research Station is 200 mm (1965�2009) at 2 m above sea level (Trueman & 
D'Ozouville 2010), and the mean rainfall during 1965�1975 is 400 mm per year (Grant & 
Boag 1980). El Niño Southern Oscillation (ENSO) 2010 phenomenon (Trueman & 
D'Ozouville 2010) caused high rainfalls during the rainy season 2010, with a peak of 291.2 
mm rainfall in February at 2 m a. s. l. (CDF Weather Query). The rainfalls are higher on the 
highlands than at low elevations (Grant & Boag 1980, Trueman & D'Ozouville 2010). The 
general details of temperatures, sun-hours and precipitation during the fieldwork, November 
2009 to March 2010, are given in Table 1 (CDF Weather Query).  
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Table 1. The temperature, number of sun hours, humidity and precipitation in Puerto Ayora during the study 
time (CDF Weather Query, Charles Darwin meteorological station). The mean temperature and hours of 
sunshine increase from November 2009 till March 2010. 

Time of the year Mean air temp (˚C) 
Mean sun hours 

per day 
Mean rel. humidity 

(%) 
Mean precipitation 

(mm/day) 

November. 2009 23.5 4.3 82.3 0.2 

December. 2009 24.9 2.8 89.1 0.4 

January. 2010 26.4 5.1 91.4 1.6 

February. 2010 27.3 4.5 90.0 10.4 

March. 2010 27.8 6.0 91.4 2.2 

 
Study Animals 
 
All tortoises at CDRS are marked with an identification number on their shell. From the 18 
tortoises used in this gut passage time study, three were saddle-backed, one intermediate and 
the rest were domes (Table 2). All tortoises studied in the field were males and originated 
from various islands. Their history is not well known and some of them have been used as 
pets before. It is not clarified to which subspecies they belong. Tortoises also differ in age –
tortoise number 53, 36, 56, 57, 58 and 59 are estimated to be around 150 years old, and the 
others somewhere between 40 and 60 years old. The tortoises’ weight, length and width 
dimensions are presented in Table 2. The oldest large tortoises (53, 36, 56, 57, 58 and 59) 
were too heavy to get weighed by the balance used, but are estimated to be around 180 kg. 
The six big tortoises lived in one big corral and the medium sized tortoises in another large 
corral together with 4 other tortoises that were not studied. 
 
Table 2.  The tortoises’ length and width dimensions, weight and shell type. The empty spaces in the table are 
due to absence of dimension data for some of the individuals.  

Tortoise ID  Tortoise shape  Tortoise length (cm)  Tortoise width (cm)  Tortoise weight (kg)

17  Saddle back  76  84  66 

29  Saddle back  92.7  89.3   

19  Domed  118.9  114.4  92 

15  Domed  114.2  113  87 

36  Domed  122.3  143.7  >100 kg ≈180 

53  Domed  145.2  140  >100 kg ≈180 

56  Domed  137.3  152.8  >100 kg ≈180 

57  Domed  116.3  124.7  >100 kg ≈180 

58  Domed  144.7  144.7  >100 kg ≈180 

59  Domed  146.8  143.1  >100 kg ≈180 

2  Domed  114  115.4  93 

5  Domed  122  119.5  >100 kg ≈120 

22  Domed  110.7  110.4  91 

37  Intermediate  105.5  101.1  74 

47  Saddle back      89 

1  Domed  103  103.5   

16  Domed  88.3  92.5   

30  Domed  107.1  108   
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Tortoises were fed according to their usual schedule at CDRS, i.e. three times a week, on 
Mondays, Wednesdays and Fridays, during the whole study time. The tortoises were fed 
alternatively with the native plants arrowleaf elephant ear (Xanthosoma sagittifolium) and 
swamp immortelle (Erythrina glauca). Arrowleaf elephant ear has a fleshy stem which the 
tortoises seem to prefer. They usually got swamp immortelle two times a week and arrowleaf 
elephant ear one time a week. During the last weeks of the study swamp immortelle was given 
to the studied tortoises at each feeding time since there was not enough of arrowleaf elephant 
ear for all tortoises at CDRS. 
 

Selection of the Tortoises 
 
Tortoises were chosen from two different corrals as described in the section “Study Area”. 
Tortoises from other corrals at CDRS were excluded since the environmental conditions in the 
corrals could not be controlled for the purpose of the study, and moving of individuals was 
too complicated because of long distance to the small study corral. The gut passage time 
between the sexes may vary due to their lifecycles and that females generally are smaller than 
males, and therefore it was decided that only males were to be studied in order to acquire 
sufficient comparable data during the field work.  It was therefore unsuitable to study tortoises 
in corrals where females and males were mixed, since having other tortoises in the same 
corral as the study individuals would cause confusion in the data collection and be time 
consuming. The remaining tortoises in the other corrals at CDRS were either included in a 
breeding program or in a project where the tortoises were released back into the wild, and it 
was therefore not timely to feed them with seeds.  
 
The six gigantic tortoises (36, 53, 56, 57, 58 and 59) were all selected since they were the 
only ones of that size. They were studied in their original habitat, the big corral. Due to their 
heavy weight and their role as a big tourist attraction it was inappropriate to move them to the 
smaller corral under more controlled environmental conditions. The selection of the medium-
sized tortoises was random in the sense that individuals which were accessible were chosen 
first. A couple of individuals, preferably of both shell carapaces were selected, although only 
a few saddle-backed tortoises were available for this study.  
 
The medium-sized individuals were transferred to the small corral during the study time. They 
were transferred to the new habitat a couple of days before the feeding, except for one 
occasion in the first group, where two individuals got transferred on the same day as the 
feeding session. The corrals were localized next to each other, which facilitated the transfer. 
Some tortoises were transferred to the new habitat by being carried by two or three persons, 
while other individuals walked themselves to the new habitat by getting enticed by fruits or a 
colorful object that seemed like food to them. The tortoises that were wider than the opening 
of the gate were lifted up diagonally. 
  
Four groups of tortoises were examined in a time sequence. The number of individuals was 
predefined for each group studied. One group at a time was studied and the order of the 
groups was random (see table 3 for group division and the exact study dates for each group). 
The different groups are characterized by different feeding times and also different 
individuals. The different groups should therefore be considered as different feeding tests. 
Tortoise number 15 was studied twice, once in the first group, 15(1), and again in the last 
group, 15(4). The replication of this individual was unintentional; it was transferred to the 
small study corral by mistake, and once it was in the corral we decided to put it in the study 
again. 
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Table 3. All tortoises divided into four groups and studied during different time periods. 

Tortoise group  Tortoise ID  Study dates 

1  15(1), 17, 19 and 29.  Nov. 10, 2009 – Dec. 18, 2009 

2  36, 53, 56, 57, 58 and 59.  Dec. 10, 2009 – Jan. 13, 2010 

3  2, 5, 22, 37 and 47.  Jan. 15, 2010 – Feb. 4, 2010 

4  1, 15(4), 16 and 30.  Feb. 28, 2010 – Mar. 21, 2010 

 

Types of Seeds 
 
Several different types of seeds were used in this study to see if the different types affect the 
passage time through the gut. The natural seeds used were from three types of fruit: papaya 
(Carica papaya), passion fruit (Passiflora edulis) and common guava (Psidium guajava) 
(Figure 1). The seeds were enclosed in the natural fleshy capsule sack when fed to the animals 
(Figure 1 d).  

 
Figure 1. Natural seeds from a) papaya, b) passion fruit, c) guava fruits and d) passion fruit (green-yellow) and 
guava (pink) seeds in their flesh sacks. The seeds shown in figure a�c, have been washed and dried after being 
through the digestion. 

Four types of pseudoseeds with various shapes and sizes were also used: a thin 6 mm long 
stick, small sized rounded beads, medium sized rounded beads and large rounded pearls 
(Figure 2). These four types of pseudoseeds were selected since they represent a size range of 
naturally occurring fruit seeds that are consumed by the tortoises. However, these sizes are 
only approximations since there were difficulties of finding exact sizes of natural seeds.  
 

 
Figure 2.  The types of pseudoseeds given to the tortoises: a) Long shaped sticks, 6.1 � 1.8 mm b) small size 
rounded beads, 1.6 � 2.2 mm c) medium sized rounded beads, 3.6 � 4 mm and d) large rounded pearls, 5.4 � 
5.8 mm.  
 
Pseudoseeds given to the tortoises were color-coded, i.e. each individual got fed one specific 
color. This way, the coloration worked as a marker to distinguish between feces of the 
tortoises, since several tortoises were studied at the same time in the same corral. Red beet-
root (Beta vulgaris) were frequently given to tortoise 17 at feeding times in order to dye the 
color of the feces of this tortoise as a potential additional marker, since tortoise 29 was also 
fed with same seed types as tortoise 17.  
 
The artificial seeds used were two types of cylindrically shaped particles with a diameter of 
1.3 mm. Particles with two different specific gravities were used. Type one had specific 

c) d) b) a) 

a)  b) c) d)
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gravity 1.17, they were made of nylon and color-coded grey. Type two had specific gravity of 
1.41, were colored yellow, and made of polyacetal. For type one artificial seeds, three lengths 
(1, 5 and 10 mm) were used, and for the type two I used two lengths (5 and 10 mm) (Figure 
3). The 1 mm length of the latter type was excluded due to poor coloration.  

 
Figure 3. The different artificial seeds: a) 1 mm, specific gravity (sp. gr.) 1.41 b) 5 mm, yellow, sp. gr. 1.41 and 
5 mm, grey, sp. gr. 1.17 c) 10 mm, yellow, sp. gr. 1.41 and d) 10 mm grey, sp. gr. 1.17. 
 
The artificial seeds with specific gravity 1.17 and 1.41 were suggested and sent to this project 
by Mike Murphy and Roderick Mackie. The same kinds of particles have also been used in a 
study of the postruminal digestive tract of steers (Murphy & Siciliano-Jones 1986). 
 
This mix of the five plastic seeds is called the artificial seeds and the other four types of the 
colored plastic beads are called pseudoseeds, to make it easier to distinguish them from each 
other. The pseudoseeds of different sizes and artificial seeds with specific gravities were 
given in order to investigate the variability of the different sizes in the gut passage time. The 
natural fruit seeds were given as a control, to observe if there is any variability between 
plastic particles and fruit seeds, since the tortoises in the wild do not consume plastic pieces.  
 
Feeding and Seed Recovery 
 
To estimate the gut passage time of ingested seeds by the Galapagos giant tortoises, several 
types of natural seeds and pseudoseeds, described above, were given to the tortoises and were 
later on recovered in their feces (Murphy & Siciliano-Jones 1986, Willson 1989, Rick & 
Bowman 1960, Levey & Sargent 2000). Two hundred seeds of each type were given to each 
tortoise (Murphy & Siciliano-Jones 1986). The seeds were counted and divided into four bags 
with 50 pieces in each. The different types of seeds were then combined in the same bag, 
giving in total four bags. Each bag thereby contained 50 seeds of each type, which were well 
mixed and divided into hollowed out fruit pieces or in the stem of arrowleaf elephant ear 
(Willson 1989). The opening of the stuffed fruit pieces was sealed and all fruit pieces were 
put in a marked bag.  
 
The dates and the time were recorded, from the time the tortoises started to eat till the end of 
the feeding. The first group of tortoises got the seeds wrapped into pieces of apple, papaya 
and bananas. For the next tortoise groups bananas and arrowleaf elephant ear were used. 
Individuals were fed only once during the whole study time. Dropped seeds were collected 
and again given to the individuals. Occasionally arrowleaf elephant ear leaves were used to 
wrap the dropped seeds.  
 
The tortoises in the study corral were visited frequently from early morning till evening, every 
day from the first day after seed ingestion till the end of the study time. Found fresh dung was 
collected, weighed and time and other details noted (e.g. number of feces, location of the 
dropped feces since some were placed in the pool, and other behavioral observations). The 
dung was washed under running water in a mesh with four separation sizes to distinguish 

a)  b)  c) d)
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different seeds (Strong & Fragoso 2006). The recovered pseudoseeds and natural seeds were 
collected and counted. The study for each tortoise group was terminated after not recovering 
any more seeds for a minimum of five days. The different groups were therefore studied for 
different lengths of time (see Table 3).  
 
The Types of Seed Given To Each Tortoise 
 
All nineteen tortoises were given pseudoseeds and some tortoises were in addition given fruit 
seeds or artificial seeds with known specific gravities. All tortoises except two individuals (ID 
36 and 59) got the four types of pseudoseeds (stick, small, medium and large). Tortoise 
number 36 and 59 got only small beads and large pearls, since the other two beads were 
excluded because of absence of unique coloration. In total, five tortoises (ID 5, 16, 36, 17 and 
29) were additionally fed with the natural fruit seeds and five individuals were given the 
artificial seeds. Tortoise number 15(4) did not get the artificial seeds with specific gravity 
1.17 and 1.41 of 5 mm due to shortage of those. Two tortoises, number 17 and 29 in the first 
tortoise group, were fed with all the types mentioned. In the following groups (group 2, 3 and 
4) only one individual in each group was fed with fruit seeds and artificial seeds, to avoid 
confusion in distinguishing between the feces of the individuals if no color-coded particle 
would appear in the feces. The specific mixture of seeds given to each tortoise is presented in 
Table 4. 
 
Table 4. Seed types given to individual tortoises. Presence of each seed type is marked with an “x”. All particles 
of specific types of seeds were given in equal amount. 

 
 

Some tortoises consumed 4 types of pseudoseeds, a total amount of 800 seeds (200 of each 
seed type). Tortoises that were fed with 4 types of pseudoseeds and the fruit seeds consumed 
1400 seeds. Individuals fed with 4 types of pseudoseeds and the 5 types of artificial seeds 
with specific gravities consumed in total 1800 seeds. Tortoise number 17 and 29 were fed 
with all the seed types, which is in total 2400 seeds each. 
 

Tortoise ID
Tortoise 

group
Stick Small Medium Large

Yellow 10 mm 

(sp. gr. 1.41)

Grey 10 mm 

(sp. gr. 1.17)

Yellow 5 mm 

(sp. gr. 1.41)

Grey 5 mm 

(sp. gr. 1.17)

Yellow 1 mm 

(sp. gr. 1.41)
Papaya Maracuaya Guayaba

17 1 x x x x x x x x x x x x

29 1 x x x x x x x x x x x x

19 1 x x x x

15(1) 1 x x x x

56 2 x x x x

53 2 x x x x

36 2 x x x x x

59 2 x x x x x x x

58 2 x x x x

57 2 x x x x

47 3 x x x x

22 3 x x x x x x x x x

2 3 x x x x

5 3 x x x x x x x

37 3 x x x x

30 4 x x x x

16 4 x x x x

15(4) 4 x x x x x x x x x x

1 4 x x x x
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Statistical Analyses 
 
The statistical analyses for each tortoise are based on the first appearance time, which is the 
first observation of the gut transit time of seeds. The median appearance time, which is when 
half of the ingested seeds were recovered, and the longest appearance time which is the last 
observed seed recovery. These appearance times are calculated as days after seed ingestion. 
 
The data obtained were investigated statistically in three ways. All tortoises fed with the four 
types of pseudoseeds (stick, small, medium and large) were analyzed in one test. Those 
individuals fed with the pseudoseeds and the artificial seeds, were analyzed in another test. 
Finally, individuals fed with the pseudoseeds and the fruit seeds, were analyzed in a separate 
test. The effect of seed category, tortoise within the same (time) group, time of the year 
(tortoise groups) on the first, median and longest appearance times were analyzed with nested 
ANOVA. Significant effects were further investigated with Tukey HSD-test. The results were 
analyzed in The Statistical Discovery Software JMP 5.0.1a. 
 
The longest gut passage time of the pseudoseed and the fruit seed treatment was analyzed in 
three ways. In the first analysis one single guava seed which was recovered in the first group 
after 33 days was excluded due to that it could not be decided whether this seed belonged to 
tortoise 17 or 29, since they were fed with same seed combination. In the second analysis this 
guava seed was included for tortoise 17 and in the third analysis for 29. 
 
Tortoise number 15 was both studied in the first group and in the fourth group: in the analysis 
they were treated as two different individuals. This decision was made after running the same 
analysis with and without tortoise 15 in the two groups. Analyses were also made when 
tortoise number 15 was excluded in the last group and the results resembled as if a random 
individual in the last group would have been excluded.
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Results 

 
Total Amount of Seed Recovery  
 
A proportion of 86 % of the 22 000 seeds ingested by all tortoises, was recovered. A total of 
89 % of the pseudoseeds were recovered. The total amounts of recovered seeds for each 
individual fed with pseudoseeds are presented in Table 5, and the amounts of recovered 
artificial and natural seeds are presented in Table 6. The total amount of seed recovery for all 
of the seed types and for pseudoseeds only, was 91.5 % and 92.6 %, respectively, in the first 
group, in the second group 78.3 % and 82.8 %, in the third group 88.3 % and 89.8 %, and in 
the last group 84.8 % and 91.5 %.  
 
Table 5. Seed recovery data for each tortoise fed with pseudoseeds. 
The numbers give the percentage of the total recovery for each seed 
type passing through each tortoise. 

Tortoise ID  Stick  Small  Medium Large 

17  81.5  93  93  96 

29  94  61.5  93  100 

19  99.5  99  100  97 

15(1)  93.5  98  96  95.5 

56  67.5  91  93.8  82.3 

53  78.5  76  88  78.5 

36    77    87.5 

59    81.5    98.8 

58  66  67.5  85.5  84.5 

57  75.5  88  99.5  89.8 

47  73.5  78.5  79.5  89 

22  87  94  98.5  96.5 

2  80.5  79.5  96.5  98 

5  93  92  99  93.5 

37  78  95.5  96.5  97 

30  91.5  98.5  95  97.5 

16  90  88.5  95.5  85 

15(4)  93.5  98  96  95.5 

1  83.5  85  89  82.5 
 
Table 6. Seed recovery data for all tortoises fed with artificial seeds and/or natural seeds. The numbers give the 
percentage of the total recovery for each seed type passing through each tortoise.  

Tortoise 
ID 

Yellow 10 
mm (sp. gr. 

1.41) 

Grey 10 
mm (sp. 
gr. 1.17) 

Yellow 5 
mm (sp. 
gr. 1.41) 

Grey 5 
mm (sp. 
gr. 1.17)

Yellow 1 
mm (sp. 
gr. 1.41) 

Papaya 
Passion 
fruit 

Guava 

17  98  95  96  88  80.5  93  94  91 
29  98.5  83  94.5  93  87  79.5  89.5  83.5 
36            41  29  41 
59  95.5  85  91  74  79       
22  92  82.5  92  78.5  83       
5            83.5  85  81 

15(4)  98.5  77.5        78.5  43  44  60.5 
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Ingested seeds were not observed in feces until several days after the feeding time. The gut 
passage time of the first seed transit was between 6 and 13 days among individuals in the four 
tortoise groups.  The earliest recovery of any seed type in any tortoise in the first group was 
11 days after seed ingestion. The first seed in the second group appeared after 10 days, in the 
third group after 8 days and in the last group after 6 days. The longest observed seed transit of 
any seed type in the first group was recorded on the 33rd day after ingestion. In the second 
group it was on the 27th day, in the third group after 15 days and for the fourth group after 17 
days. In between the first and the last recorded passage times of seeds, seeds were recovered 
frequently. The first appearance passage time, median passage time and longest passage time 
of the respective seed types given to the tortoises are presented in Appendix 1. The mean first 
appearance time of the pseudoseeds was 10 days after seed ingestion, the median appearance 
11.5 days and the longest appearance time 15.6 days.  
 
Individual Gut Passage Time 
 
The results of the statistical analyses of the variability in gut passage time between all 
tortoises fed with pseudoseeds (stick, small, medium and large) are shown in Tables 7�9 (see 
“Tortoise [Tortoise groups]”). There are significant differences in the gut passage times (the 
first appearance time, the median gut passage time and the longest gut passage time of 
ingested pseudoseeds) between the individuals. 
 
Table 7. The first appearance times of the four pseudoseeds analyzed with nested ANOVA.  
First appearance of the seeds for all tortoises  SS  DF  MS  F Ratio  P 

Tortoise groups  230.9665  3  76.9888  15.0763  <0.0001 

Tortoise[Tortoise groups]  76.5992  15  5.1066  46.0736  <0.0001 

Pseudoseeds: stick, small, medium and large.  0.4582  3  0.1527  1.3780  0.2603 

 
 
Table 8. The median appearance times of the four pseudoseeds analyzed with nested ANOVA.  
Median appearance of the seeds for all 
tortoises 

SS  DF  MS  F Ratio  P 

Tortoise groups  319.3266  3  106.4422  6.1572  <0.0061 

Tortoise[Tortoise groups]  259.3132  15  17.2875  20.3709  <0.0001 

Pseudoseeds: stick, small, medium and large.  7.81811  3  2.6060  3.0708  0.0361 

 
 
Table 9. The longest appearance times of the four pseudoseeds analyzed with nested ANOVA.  
Longest appearance of the seeds for all 
tortoises 

SS  DF  MS  F Ratio  P 

Tortoise groups  354.9358  3  118.3119  3.6830  <0.0362 

Tortoise[Tortoise groups]  481.8585  15  32.1239  10.6429  <0.0001 

Pseudoseeds: stick, small, medium and large.  7.3336  3  2.4445  0.8099  0.4944 
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Gut Passage Times among the Tortoise Groups  
 
The results of the statistical analyses of the variability in gut passage time in between the 
tortoises studied during different time periods are shown in Tables 7�9 (see” Tortoise 
groups”). Least Squares Means-test shows the differences in gut passage times of the 
pseudoseeds between the four groups studied during different time periods. The Squares 
Means of the first appearance time shows that all four groups significantly differ from each 
other. The gut retention time decreases from the first group studied to the last (Figure 4 a). 
The Least Squares Means of the median appearance time in Figure 4 b shows no significant 
difference of seed passage time between groups 1 and 2, while groups 3 and 4 differ from 
each other and the other two groups. Least Square Means of the longest appearance time 
shows that the two first groups are significantly different from each other and from the other 
groups, while groups 3 and 4 do not differ from each other (Figure 4 c). 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Least Squares Means with standard error and Tukey HSD of the passage time of the four types of 
pseudoseeds for each tortoise group. Tortoise groups labeled with different letters (a, b, c and d) are significantly 
different. The LS Means of a) the first appearance, b) the median appearance, and c) the longest observed 
appearance passage time in days for each respective group. 
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Gut Passage Times of Ingested Pseudoseeds 
 
The statistical analyses of the gut passage time of ingested pseudoseeds (stick, small, medium 
and large) between all tortoises are presented in Tables 7�9 (see pseudoseeds). The median 
gut passage times of the four different pseudoseeds are shown to be significantly different (P 
= 0.0361; see Table 8). The result is shown in Figure 5 and illustrates that the pseudoseeds do 
differ from each other, even though the Tukey HSD test does not show any significance 
among the different seeds. No differences were found between the four types of pseudoseeds 
in first appearance and longest gut passage time (see Table 7 and 9). 
 

 
Figure 5. Least Squares Means of the median appearance time of the pseudoseeds (large, medium, small and 
stick) with standard error and Tukey HSD. 
 

No difference was found among the pseudoseed and the artificial seed treatment in passsage 
time (the first, median and longest appearance time) through the gut of the tortoises. 
Difference (P= 0.0016) among the four psuedoseeds and the fruit seed treatment was found in 
the longest appearance time when the guava seed with a transit time of 33 days was excluded. 
The mean of the longest appearance time was shorter in days for the fruit seeds (papaya: 11.9, 
passion fruit: 12.1 and guava: 12.3) than for the psuedoseeds (small: 13.9, stick: 15.3, large: 
15.3 and medium 16). When the guava seed of 33 days appearance time was included in the 
analysis either for tortoise 17 or tortoise 29, no difference was found between the seed types 
in passage time. 
 
Seed Recovery over Time 
 
The amount of each seed type recovered per day is unique for every tortoise. There is a high 
variability among tortoises in the pattern of seed recovery after seed ingestion, from the first 
seed appeared till the last. Four main patterns of seed recovery were observed and named type 
A, B, C and D. The types are shown in Figure 6 and one tortoise is chosen as an example for 
each type. Some individuals (Figure 6 a) passed out a couple of seeds on the first day of seed 
appearance and then passed out all or almost all of the seeds recovered on the following day. 
Occasionally a few seeds appeared some days later. In some tortoises (Figure 6 b) smaller 
amounts of seeds were recovered on the first day of seed appearance than the following day or 
days, when higher amounts of seeds appeared. The seeds declined almost immediately or 
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shortly after the peak. Some tortoises (Figure 6 c) passed out the highest amount of seed on 
the first day of seed appearance. On the following day seeds were also recovered in a 
considerable amount but less than the first day. Thereafter seeds were recovered during 
several days in considerably smaller amounts. Finally, for some individuals (Figure 6 d) there 
were no clear patterns of the seed recovery over time. The seed appearance fluctuated up and 
down during a longer period and at times no seeds were observed for a day or two between 
the recovery peaks.  
 

 
Figure 6. Patterns of seed recovery: a) Type A. b) Type B. c) Type C. and d) Type D. The numbers in the figure 
represents the percentage of recovered seed on that day. 
 
 

a) 

c) 

b) 

d) 
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Discussion 
 
Total Ingested Seeds and the Total Recovery  
 
The total number of ingested “seeds” among the tortoises did vary since some individuals 
were fed with several types of seeds. The amount of seeds may affect the gut passage time of 
the tortoises, since an individual who ingested more seeds may also defecate faster. However, 
no variability in the gut passage time has been observed between the individuals fed with 
four, nine or twelve types of seeds.  
 
The proportion of recovered seeds in feces was higher for some individuals than for others. In 
the study of Rick & Bowman (1960), during three feeding tests, 23.5 %, 24.5 % and 42 % of 
the ingested seeds were recovered. We obtained a mean amount of 86 % of all the 22 000 
seeds fed to the nineteen tortoises. In the first feeding test over 90 % of all the seeds were 
recovered. The minimum total seed recovery of 78 % was obtained in the second feeding test. 
These tortoises, in the second test, lived in the bigger corral and because of the environmental 
conditions, e.g. a large area, bushy areas and tourist walking into the corral, it was already 
expected from the start that the probability of losing more seeds in the big corral would be 
higher compared to the smaller one. Nevertheless the frequency obtained is higher than 
expected. Notes were made when seed losses were observed in the environment, e.g. when 
seeds fell into cracks or when feces were dropped into the pool. Seeds may also have been 
lost during the counting, but more likely during feeding or collection and washing of the 
feces. A higher seed loss was recorded in some individuals because they were dropping their 
feces in the pool, e.g. tortoise number 36. Tortoise number 15 did also have the behavior to 
stand in the water pool before defecating. Most of the pieces dropped in the pool were always 
recovered, though there were difficulties of detecting the small pieces and the fruit seeds. 
 
The Gut Passage Time 
 
The transit time through the digestive tract of the Galapagos giant tortoises recorded in this 
study was 6–33 days while in a study by Rick & Bowman (1960) wild tomato seeds were 
recorded to pass through the gut of the Galapagos giant tortoises from 11 days to three weeks. 
In my study, the first seeds appeared generally 6–13 days after seed ingestion and the last 
recovery of any seed type was recorded after 15–33 days for all individuals. The significant 
differences in the gut passage times among the tortoises fed with the pseudoseeds indicate that 
the gut retention times are highly individual. 
 
My findings provide a good understanding of the long gut retention time in the Galapagos 
giant tortoises, and indeed referring to Rick & Bowman (1960) who terminated their study 
after three weeks, it is suggested that the maximum gut retention time could be longer. The 
last observed seed recovery depends on how long the study has been carried out. We 
terminated the study of each tortoise group after not recovering any more seeds during several 
days, a minimum of five days. The first two tortoise groups were studied during a longer 
period and the chances of observing longer gut passage time were thereby greater among 
these individuals. The duration of the study of each tortoise group was decided by considering 
how to use the time in the field in Galapagos in an efficient way. The dilemma was to either 
keep analyzing feces in search for a longer gut passage time observation or to examine new 
individuals. The maximum gut retention time is always difficult to estimate since it will be 
unknown if seeds will appear in the droppings after the interruption of the study. The solution 
would be to proceed with the study for sufficient time to decrease the probability of seeds 
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remaining in the gut to a minimum. Furthermore, it is also important to have a more 
controlled environment than we had accessible to facilitate tracking dropped seeds. However, 
I would suggest that the data of the longest observations of the gut passage times in group one 
and two appears to be or is close to the maximum gut retention time in the individuals studied. 
 
The red beet-roots given to one of the tortoises did not show any dye effect. A strong reddish 
color was observed in the dung of the individual once but this color disappeared and turned 
pale, green-brownish as regular dung within a minute. It could not be determined if the 
reddish color was due to the red coloration of the beet root or blood, which probably oxidized 
and quickly changed color. In a study by Moll & Jansen (1995), dye was given to the tortoises 
at the same time as the food and the results indicated that it took 36–48 hours for the dyed 
food to pass through the gut.  
 
Gut passage Time among the Different Tortoise Groups 
 
The Least Squares Means of the first transit time of the gut passage (Figure 4 a) shows how 
the passage times between the groups significantly differ from each other, and how the gut 
passage time continuously gets shorter from group 1 to 4. I believe that the first appearance 
time a good indication of changes in between the different groups, since this measurement 
does not depend on the amount of seeds recovered or the duration of the study compared to 
the median and the longest gut passage time. Furthermore the median passage time, the time 
when half of the seeds have been recovered, is also a reliable measurement. The median 
appearance passage times of the first two tortoise groups is similar but differ from groups 3 
and 4, where the gut passage time is shorter (Figure 4 b). Group 2 has a slightly longer gut 
passage time than group 1. This may be explained by the fact that the tortoises in the second 
group were bigger, and the metabolic rates, described by a general model for all organisms, 
including reptiles, are affected by temperature and size and are lower for larger body mass 
(Gillooly et al. 2001). The longest appearance time shows faster gut passage time in group 3 
and 4 (Figure 4 c), but as mentioned before, the duration of the observations was shorter for 
these two groups than for the other ones. 
 
The time of the seed ingestion, whether the tortoises were fed with the seed mixture one hour 
before, one day before or even right after getting fed with vegetation by the park staff, could 
affect the gut passage time. It can be expected that if tortoises consume vegetation before 
ingesting the seeds, it might take longer time for the seeds to pass through the gut, than if they 
ingest the seeds before consuming vegetation. The tortoises in the fourth group were fed with 
the seeds one day before getting fed by the park, and the mean passage time was faster here 
than in other groups. However, in spite of the coincidence of faster gut passage time in this 
case, it cannot be explained why the third group had a faster gut passage time than those in the 
first group, since both group 1 and group 3 were fed with the seeds right before getting fed by 
the park. The gut passage time in the second group could be expected to be longer since these 
tortoises ingested the seeds after consumption of the vegetation. The median appearance time 
of the seeds was indeed longer in the second group, but it is difficult to draw any conclusions 
since these tortoises were bigger than the other individuals in the other groups. As mentioned 
before, size of the tortoises could affect the metabolism. However, the first appearance 
passage time in the second group was shorter than the first appearance passage time in the 
first group, where the medium sized tortoises were fed with the seeds before consumption of 
vegetation.  

The optimum would be if the tortoises were fed under similar conditions and this was our 
ambition from the start, but the big tortoises in the second group were scheduled by the park 
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staff to get fed early in the morning, and due to time pressure, the tortoises in the fourth group 
were fed one day earlier. Also ideally would be if one or two tortoises were studied in the 
wild to follow their diet and range. However, it was in practice not possible in this study since 
one has to follow the tortoises all the time to collect the feces, and therefore it would be very 
time consuming. 

Even if the time of the seed ingestion may not affect the gut passage time it is more likely that 
the tortoises in the wild have a faster gut passage time since they feed every day, and the ones 
in the corrals were fed only three times a week. The tortoises in the first group were 
additionally fed with flat green stems of the tree prickly pear after the seed ingestion, to 
provide them with extra liquid so the seeds left in the mouth or throat would get swallowed. 
The fact that some tortoises additionally were fed with a couple of pieces of other fruit types 
than bananas and that some individuals were fed with small pieces of fruit to distract them 
while one individual was getting fed with the seed mixture, seems not to affect the gut 
passage time. However, ingestion of the same plant at every feeding time might affect the 
digestion, e.g. the individuals in the last feeding test were mostly fed with swamp immortelle 
and consumption of this plant may affect the digestion due to the plant quality. 
 
Seasonal Effects 
 
As this project took place from the end of the cooler period till three months into the hot 
season, the temperature continuously increased from November 2009 till March 2010 (Table 
1 and 10). The gut passage rate was shown to be faster during the hot season than during the 
cooler months. Even if the purpose with this project was not to study the variability in gut 
passage times in tortoises between seasons, this information was obtained as a side effect, due 
to the division of the study into four parts.  
 
Table 10. Weather and climate conditions (temperature, humidity and precipitation) for the various groups of 
tortoises studied during different time periods. The values are calculated from the Charles Darwin 
meteorological station (0°44´37.6´´S. 90°50´21.9´´W) at 2 m above sea level, localized near the study corrals. 

Group 
order 

Study dates 
(yy-mm-dd) 

Mean air temp 
(°C) 

Mean Rel. 
humidity (%) 

Mean precipitation 
(mm) 

1 09.11.10 - 09.12.18 23.3 84 0.2 
2 09.12.10 - 10.01.13 25.6 90 0.8 
3 10.01.15 - 10.02.04 26.7 90.5 1.3 
4 10.02.28 - 10.03.21 28.1 90 1 

 
The variation in gut passage rates between the tortoise groups suggests a strong relation to the 
time of the year (Figure 4). Weather and climate conditions, such as temperature, may affect 
tortoises’ digestion. Considering the results of significantly quicker passage rates with a rise 
of temperature, warmer conditions might activate the gut passage time. However, Hamilton & 
Coe (1982) did not find any seasonal effect of the gut passage time in feeding trails in both 
wet and the dry season in the Aldabra tortoises. 
 
As found by Mackay (1964), the deep body temperature of two Galapagos tortoises (65 kg 
and 170 kg) was usually higher than the air and ground temperature. The temperature of the 
carapace fluctuates with the environmental temperature, at times being higher or lower than 
the deep body temperature. The deep body temperature is relatively constant, but does also 
fluctuate consistently with the temperature changes (Mackay 1964). Porter (1822) stated that 
the blood of the tortoises is cold and that the temperature is always 17˚ C. 
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Heart rates have been observed to be faster in the desert tortoise (Gopherus agassizii) during 
heating in the mornings than during cooling down in the evenings. Higher heart rates were not 
associated with increased blood flow rate during heating in the desert tortoise (Voigt 1975), as 
it has been found in the red eared slider turtle, Pseudemys scripta elegans (Lucey 1974). The 
frequency of respiratory cycles increased with arising body temperature in the aquatic turtles 
Pseudemys scripta, while the number of cycles per sequence decreased and the duration of the 
cycle got shorter. At high body temperatures (25−40 °C) heart rate and blood pressure 
increased with breathing (Lucey & House 1974). Which impact environmental temperatures 
have on the body temperature, heart rate and blood pressure in the Galapagos giant tortoises is 
unknown to my knowledge. But if the same trend is found in the land tortoises, an increase in 
physiological activity at high temperatures might affect the gut retention time and activate the 
process of digestion. Further investigations are needed to show which factors have a great 
impact on the gut passage time.  
 
Another factor that may influence the passage rate in tortoises may be the hormone levels. 
Steroid levels in Galapagos tortoises at the CDRS have been reported to be significantly 
higher during the mating season (January−June), especially during the period when most 
copulations occur. The hormone levels start to increase in November and December, and the 
highest levels of testosterone and corticosterone in males have been registered in February, 
when also environmental temperatures been annually high (Schramm et al. 1999). The shorter 
gut passage time durations observed in our study during the high environmental temperatures 
in the hot season, seem to appear at the same time as the hormonal peak. More investigations 
are needed on this issue to control the role of hormonal factors on gut retention time. 

Behavioral Observations 
 

In the big corral, where the six big tortoises lived for a long time, it was clear that each 
individual had a strict territory. The tortoises were defecating during day time, with a peak in 
the mornings. Some individuals were defecating every early morning on the same place, 
where they were sleeping each night. During day times individuals were observed to be more 
aggregated, but they did also rest in their own territorial place. In some of the groups in the 
small corral, it appeared early, which of the individuals was the dominant one. The tortoises 
usually had “fixed” resting places. In the wild tortoises seem to have their own territory and 
only move far distances when migrating. In the Giant Tortoise Project one individual has been 
seen to return back to its territory area after migration. 
 
Water was provided every day, but in a couple of occasions the tortoises did not have water 
for one or two days. In the other corrals at CDRS the pools were washed and refilled once a 
week, and in between the refilling it happened that the pool dried out. The tortoises did not 
seem to be affected by being without drinking water, but as soon as water was provided, the 
tortoises immediately walked to the pool for drinking. The tortoises were drinking water from 
their nasal fossa and were observed to drink water every day, and at times several times a day. 
The duration of drinking could vary from a short period of less than 30 seconds till longer 
durations of a couple of minutes. The tortoises were also observed to urinate more often than 
they dropped dung and they did often urinate before droppings. The amount of water drinking 
by the tortoises may affect the gut passage time, but this was not observed, and whether the 
tortoises drink more or less water during hot rainy seasons than cooler drier season was also 
not observed. 
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Variability of the Different Seed Types 
 
The median gut passage time of the four different pseudoseeds appeared to be significantly 
different. However, the results should be taken with caution since the performed Tukey HSD-
test showed no variability, although been observed to be close to significance. If there is a real 
difference in passage time between the four types of pseudoseeds it may be expected that the 
same results should also appear in the first and longest appearance of the gut passage time. 
However, the first and the longest seed transit time was recorded even if only one seed was 
observed and therefore may the median transit time, when half of the seeds appeared, be more 
reliable when comparing the passage time of the seeds.  
 
No difference in gut transit time among the pseudoseeds and the fruit seeds in the first and the 
median appearance time were observed. Difference was only found in the longest appearance 
time among the tortoises when the guava seed with a transit time of 33 days was excluded 
from the analysis. In this case, the transit rate was slightly shorter for the fruit seeds than for 
the pseudoseeds. The faster gut passage time of the fruit seeds might be affected by size or 
weight, since the fruit seeds were either smaller or lighter than some of the ingested 
pseudoseeds. However, no variability was found in the longest passage time when the guava 
seed of 33 days was included for tortoise 17 or for tortoise 29. Since no clear differences were 
found between natural seeds and plastic ones, our obtained data of the pseudoseeds can be 
equalized with natural seeds in estimations for wild-living tortoises. The effect of fruit 
enzymes on the gut passage time cannot be established since all of the tortoises were fed with 
fruits and it cannot be excluded that the gut passage time of the pseudoseeds might be affected 
by fruit enzymes.  

Since the gut passage time varied between the four different feeding tests, it is likely that this 
variation among the groups affects the analyses of the seed transit time. The results in this 
respect could perhaps have been clearer if all the tortoises had been studied at the same time. 
Furthermore, the results obtained could also have been clearer if the gut passage times had 
been calculated in number of hours (Graae et al. 2004), rather than number of days, because 
individuals sometimes defecated several dung balls in a pile or defecated two times a day (e.g. 
once early in the morning and once at noon). However, trying to distinguish the dung balls in 
a pile from each other, considering the order in which they were dropped, was not practically 
possible, since several tortoises were studied in the same corral. Additionally, a larger sample 
size would also have given a more clear result.  
 
Seed Dispersal by Tortoises and Their Effectiveness as Seed Dispersers 
 
Ingested seeds were generally recovered in feces spread during several days after the first 
appearance. This pattern of the seed recovery, as shown in my part of the study (Figure 6 a-d) 
indicates that the amount of seeds recovered daily varies randomly among individuals. 
Considering the pattern of the seed recovery, generally high amounts of seeds were observed 
during the first days of seed recovery and only a few seeds appeared in the longest seed transit 
observation. In some cases, smaller seed amounts with only a few pieces were also observed 
in the first seed appearance.  
 
The long gut retention time of the tortoises provide ingested seeds an opportunity to get 
dispersed further away from their original location. However, it can be discussed whether 
long distance dispersal of a few seeds or short distance dispersal of higher amounts of seeds is 
better for the plant. On the one hand, more intense competition between and within species 
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arise when a high amount of natural seeds appear in the same dung, than appearance of only a 
few seeds. On the other hand, the frequency of the seeds in the dung might not always be very 
important, since seeds will only grow on the location deposited if the environmental 
conditions are suitable. However, the probability that at least one seed would be viable and 
establish is greater in dung with a high frequency of seeds compared to dung with only a few 
seeds. In suitable conditions, just one seed could establish in a new location and have a great 
importance, no matter how long time the gut passage transit has taken. The long gut passage 
time of 33 days compared to 6 days indicates that seeds may get further away from their 
original location as the tortoises move. The tortoise populations on the different islands might 
disperse different types of plants. 
 
The tortoises have been observed to deposit feces one time or several times a day, or not at all 
during a day. At times no feces were deposited during a couple of days. Feces recovered from 
individuals at one occasion could appear in several dung balls. Normally one or two dung 
balls were recovered, but also up to seven dung balls in a dung pile have been observed. 
When several dung balls were observed from the same individual, they were often lying next 
to each other or within a close distance, but also at times several meters from each other. 
These observations suggest that the animals can spread seeds on different “locations” during 
one occasion of defecation. The tortoises were observed to be more active before defecating. 
The individuals did often stop up and stand on the same position when the dropping was 
deposited, but they were also observed to defecate while still walking forward slowly. In the 
wild, it is more likely that the tortoises walk more in a straight line instead of walking back 
and forth, as in the corral, where their movements are constrained. It is more likely that the 
tortoises in the wild do spread the dung balls over a larger area.  
 
The dung of the tortoises is natural manure which gives nutrition to the seeds for germination. 
In a germination study, 28 plant species of different vegetation types were observed to grow 
from the Aldabran giant tortoise (Geochelone gigantea) dung. This was studied by Hnatiuk 
(1978) who suggests that the Galapagos giant tortoises may disperse many plant species of the 
land flora over short distances, just like the Aldabran tortoises, since the Galapagos tortoises 
also eat many plant species (Macfarland 1972 & Rodhouse et al. 1975, quoted from Hnatiuk 
1978) and presumably disperse the seeds eaten. The tortoises in the wild consume an 
enormous amount of fruit every day during the wet season. Tortoises in the corrals enjoyed 
eating fruits, and consumed e.g. guava fruit in a very short time, which contains around 600 
seeds per fruit (own observations). Dung collected from tortoises in the wild has been 
recorded to contain up to 4000 seeds in one dung pile (Giant Tortoise Project).  
 
The tortoises’ digestion is not only slow, but additionally also inefficient which is seen by just 
looking at fresh dung or splitting it. Ingested leaves were lying packed tightly together and 
appeared thinner and drier than the fresh leaves. The tortoises only take advantage to some 
degree of the nutrients and the liquid of the leaves. The papaya seeds were also wrinkled and 
dry compared to before ingestion when they were round. The different types of vegetation 
ingested could be determined in the feces. The stems of the vegetation eaten were fleshy and 
full of liquid and appeared in the feces as consisting of a finer purée. Also minor amounts of 
saltbush, dried wood stick and tree prickly pear were found in the feces at times. Tree prickly 
pear is considered as one of the favorite plants of the tortoises and, as the tortoises fed on the 
flat green stems, the large sharp spines did not seem to bother them. Tree prickly pear 
ingested by the tortoises appeared in their feces as fiber (vascular tissue) as a net of the stems, 
spines and seeds of the fruit.  
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Conclusion 
 
No clear differences in gut passage time between the seeds with different sizes were found. 
Also, no difference among or between the fruit seeds and the pseudoseeds were found, which 
indicates that our results of the pseudoseeds and the artificial seeds can be reliable in 
calculations of seed dispersal distances. The long gut passage time, the frequency of the 
droppings and the pattern of seed dispersal over time shows that the tortoises can disperse 
small and larger amounts of seed on both short and long distance. The Galapagos giant 
tortoises are therefore considered to have a strong role as seed dispersers and probably 
affecting the vegetation dynamics on the Galapagos Islands in a large range. The long gut 
retention time in the tortoises makes it possible, if the conditions are right, that seeds establish 
in a new location far away from the mother plant. The gut passage time could be faster in wild 
tortoises than those observed in this study since the tortoises in the wild feed frequently every 
day and their activity level is assumably higher than those in the corrals. The gut passage time 
is shown to be affected by seasonal changes. A strong correlation between higher temperature 
and a faster digestion rate has been observed.  
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Appendix 1 

   

 
Figure 1. The first, median and longest appearance time of pseudoseed recovery in number of days after seed 
ingestion for each individual. From top to right: large beads, medium beads, small beads and stick pseudoseeds. 
The different tortoise groups are shown in the order they were studied and the order of individuals within a 
tortoise group is presented randomly in the figures. 

   
Figure 2. The first, median and longest appearance time of natural seed recovery in number of days after seed 
ingestion for each individual, from left to right: passion fruit, papaya and guava.  
 

 
Figure 3. The first, median and longest appearance time of artificial seed recovery in days after seed ingestion 
for individuals given artificial seeds with specific gravity 1.41 (left graph) and 1.17 (right graph) of 10 mm.  
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Figure 4. The first, median and longest appearance time of artificial seed recovery in days after seed ingestion 
for individuals with identification number 17, 29, 59 and 22, given artificial seeds with specific gravity 1.41 (left 
graph) and 1.17 (right graph) of 5 mm.  
 

 
Figure 5. First, median and longest time of artificial 
seed recovery for five tortoises given artificial seeds 
of 1 mm with specific gravity 1.41. 
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