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Life is often portrayed as a big family tree; yet one of the first prerequisites for 

evolution, it turns out, is that all organisms wage an incessant war for survival. 

Darwin devoted the third chapter of the Origin to the “complex and unexpected 

checks and relations between organic beings” (71), which constitute in his opinion 

“the most important of all relations” (vi) in the natural world. Ecologists, including 

Darwin, have described the struggle for existence as an apparent and obvious law of 

life: “Nothing is easier than to admit in words the truth of the universal struggle for 

life” (Darwin 62). The numerous mathematical models that attempt to elucidate the 

struggle for life are, however, riddled with unrealistic assumptions and the 

mathematical equations designed to express competition between organisms get 

increasingly complicated as ecologists try to approximate what truly goes on in 

nature. 

 The “equation of life” is infinitely complex, with its millions of variables, 

parameters and unknowns. As a result, scientists have had to resort to the study of 

simplified systems in laboratories, such as fish tanks, in which they could control the 

various parameters. The Galapagos Islands, famous for being “the origin of the Origin 

of Species”, offer uniquely simple laboratory-like systems.  

Figure 1: One of Isabela’s 
six volcanoes, Sierra 
Negra. Cohen-Tanugi. 
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Until the last century, Volcan Alcedo, on Isabela island, provided food resources for 

only one large herbivore: the Galapagos giant tortoise.  

Darwin wrote, “in the Galapagos islands reptiles […] take the place of mammals” 

(391). In the absence of any other large herbivore, the tortoises were not subject to 

competition. They live around the rim of the volcano, where cloud intercept and the 

garua -mist condensation- provide annual humidity, and allow pools to form in both 

the wet and the dry season. 

 

Since those golden days, herbivorous feral mammals have set foot in the 

region. How does their presence affect the tortoise population? What “complex 

checks and relations” are generated by the sudden appearance of this new parameter? 

The goats’ impact must have been drastic, for in 1997, conservationists took the 

decision to eradicate the introduced mammals of Isabela and other islands of the 

archipelago. 

Can we justify this extreme measure? It is my goal to document the competition 

between introduced herbivorous mammals and tortoises on Volcan Alcedo, and to 

Figure 2: Giant tortoise in a typical 
high-land humid environment. Isla 
Santa Cruz. Cohen-Tanugi. 



4 
 

provide an understanding of the need to eradicate introduced goats in insular 

ecosystems. 

 

I. Feral donkeys (Equus asinus) on Volcan Alcedo: 

In the early 1980’s, Lynn Fowler traveled to Volcan Alcedo to collect data for her 

dissertation, which focused on the possible impact of feral donkeys on the population 

of Geochelone elephantopus vandenburghi, Alcedo’s Giant Tortoise population. 

From the data presented in two of Fowler’s published papers and her dissertation, I 

will argue that although feral donkeys do compete with tortoises for food resources 

and are responsible for nest damage, they were not a major threat to the survival of 

Geochelone elephantopus vandenburghi at the time of Fowler’s study.  

Both feral donkeys and giant tortoises are large herbivores. Hence the first potential 

threat posed by our mammal’s presence is the depletion of the food resources needed 

by the tortoises on Alcedo. Fowler documented the feeding habits of both tortoises 

and donkeys by reporting the plants that each herbivore selected within a square plot 

traced around individual animals after it was seen feeding. A total of 201 and 194 

feeding plots were reported for donkeys and tortoises respectively enabled Fowler to 

calculate the percentage of overlap of food resources for both herbivores. Similarity 

of tortoise and donkey diet, Fowler points out, depends on the season. During the 

warm wet season, only 45% of the tortoises’ food resources are also consumed by 

donkeys. At the beginning of the dry season (July), the overlap increases to 50% and 

reaches 78% in November. These numbers indicate that when food is readily 

available, more than half of a donkey’s feeding activity does not affect the tortoise. In 

the dry season, the increased dietary overlap comes from the common and grazing of 

sida spp. Overlap of food resources, however, is not enough to prove that donkeys 
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pose a threat to the survival of the tortoise population on Alcedo. On the contrary, I 

will argue that the tortoises are not as vulnerable to competition for food from the 

donkeys as one might think by presenting certain characteristics of their metabolism 

that are advantageous in the advent of food shortage. 

As reptiles, tortoises do not depend on food to produce heat. This is called an 

ectothermic metabolism. As a result, tortoises can live for long periods of time 

without food. In fact, a tortoise was found alive after spending two years in the 

bowels of a ship without food or water. The tortoises’ metabolism also enables them 

to store large quantities of food and water in the form of fat. It is also this ability that 

rendered them so attractive to the buccaneers who fed on their succulent flesh and 

burned their fat. The tortoises can also burn down their fat to produce water. Fowler 

reported that the tortoises spend 25% less time feeding in the dry season than in the 

wet season, when food is more plentiful. This difference in time spent on feeding 

supports the idea that tortoises don’t need to eat as much as they do in the wet season, 

when they are actually storing much of their food, and hence, that their survival is not 

directly threatened by the feeding habits of 500-700 donkeys. Fowler has also 

researched some of the causes for donkey mortality on Alcedo. From this information, 

I hypothesize that the donkeys are actually not as successful as one might think. 

Fowler reported an unusually high mortality rate for sexually mature donkeys in their 

prime during the dry season. She speculates that death is usually caused by water 

shortage. An experiment performed by Adolph and Dill in 1938 showed that a donkey 

could survive up to a month without free water, yet on Alcedo, one could wait up to 6 

months before seeing a raindrop. In conclusion to her study of diets, Fowler “can only 

speculate as to whether or not feral burros are depleting food resources needed for 

tortoise survival on Volcan Alcedo” (Fowler, 1984).  
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Food competition, however, is not the only threat posed by introduced 

herbivorous mammals in tortoise-inhabited region. Large mammals have the capacity 

to alter habitats by their behavior. Fowler’s second study concerns damage to tortoise 

nests caused by the trampling of donkeys. For this study, Fowler monitored a total of 

88 eggs: 60 eggs from the north caldera nesting area and 28 from the south caldera 

nesting area. On the South Caldera floor, more frequented by feral donkeys, 32.1% of 

the nests were damaged. Damage ranged from complete destruction of the nests to a 

lower emergence success. Table 1 presents the emergence success of the five 

damaged nests that weren’t completely destroyed. In contrast, Table 2 shows the 

success of a group of undisturbed nests.  

Table 1. Egg Fates in burro Damaged Nests, South Caldera Floor, 1980. 

 

 

 

 

 

Table 2. Success of Undisturbed Nests, South and North Floor, 1980. 

Total 

nests 

Total 

eggs 

Minimum 

broken 

eggs (%) 

Undev. 

eggs 

(%) 

Dead 

embryos 

(%) 

Dead 

young 

(%) 

Emerged 

young 

(%) 

8 90 1 (1.1) 22 

(24.4) 

12 

(13.3) 

0.0 55 

(61.1) 

 

Total 

nests 

Total 

eggs 

Minimum 

broken 

eggs (%) 

Undev. 

eggs 

(%) 

Dead 

embryos 

(%) 

Dead 

young 

(%) 

Emerged 

young 

(%) 

5 58 12 (20.7) 9 (15.5) 2 (3.4) 8 (13.8) 21 (36.2) 
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Emergence success is substantially decreased in damaged nests. On the North 

caldera floor, however, with fewer donkeys and more nests, 11.7% of the 60 nests 

were damaged. Fowler concludes that “the fears of those concerned with the 

conservation of the endangered Galapagos Geochelone, that burros trample and 

damage tortoise nests, have proved to be well-founded” (Fowler, 1984). The overall 

emergence success of hatchlings on Alcedo, despite the presence of donkeys, is not 

unusually low:  65%. I believe we can account for the contrast between the 

undeniable impact of the donkeys on nesting success and the fairly high total 

emergence success on Alcedo by considering two factors. First of all, the donkey 

population on Alcedo at the time of the study was relatively small. Fowler speculates 

that “if the Alcedo burro population increased significantly in size, destruction of 

nests might have a serious adverse impact on the tortoise population. Second of all, I 

believe that the behavioral distribution of the donkeys limits their impact. Donkeys 

are usually sighted alone or in pairs rather than in large groups, which limits the 

trampling of nests and the erosion of the land. In conclusion, the impact of feral 

donkeys on the tortoises and their environment is real –through overlap of resources 

and nest damage- yet the potential threat to the survival of Geochelone elephantopus 

vandenburghi was hypothetical, at least at the time of Fowler’s study. In the next 

section, I will discuss a second and far more destructive introduced mammal which 

found its way onto Volcan Alcedo a few years after Fowler’s visit. 

II. Feral goats (Capra hircus) on Volcan Alcedo: 

Goats set foot on Alcedo around 1980. It is astounding that an ecological disaster 

could have happened so recently, when people were already aware of the importance 

of conservation in the Galapagos. How could we have let this happen? We knew the 

goats were present in the southern part of the island, but no one imagined they could  
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cross the Perry Isthmus, a perilous flow of a’a lava that separates northern and 

southern Isabela. Well, goats did cross the Perry Isthmus and they quickly made their 

presence known to the wildlife of Volcan Alcedo. 

Descriptions of the effect of feral goats on insular vegetation are abundant. Examples 

of landscape transformation, from dense vegetation to barren wasteland due to the 

presence of feral goats on islands are sadly numerous: Hawaii, New Zealand, Saint-

Helena, Santa Catalina, Galapagos etc. Bruce Coblentz notes that “virtually all that 

has been written on the ecological effects of feral goats has been descriptive.” This 

reveals that, unlike our previous study of feral donkeys, precise quantification is not 

indispensable to ascertain the impact of feral goats on insular environments.. Their 

impact is so overwhelming that it is obvious through observation. 

In this section, I will discuss the ways in which the damage caused by goats 

threatens the Giant Tortoise population on Volcan Alcedo. I will argue that large-

scale tortoise habitat destruction is an emergent property of feral goat populations in 

Galapagos. The concept of emergence in this case signifies that the micro actions of 

goats on an individual scale produce a qualitatively amplified outcome on a larger 

scale.  In other words, it is the combination of the goats’ feeding behavior (micro 

Figure 3: Lava flow on Isabela similar to the Perry Isthmus, which people wrongly 
assumed would form an effective barrier to goat expansion. 
Cohen-Tanugi. 
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scale) and herding behavior (macro scale), that results in the devastating 

transformation of the ecosystem. Before I discuss specifically how the feral goats 

damage tortoise habitat, it is necessary to justify the possibility of applying the 

concept of emergence to the goat populations. The justification comes is provided by 

a glance at the history of goat domestication. Goats have been subject to 

domestication for more than 10,000 years and have been selected for specific features 

that explain how emergence can take place in goat populations. “Where pasture is 

scarce, […], the goat becomes an important economic factor” (Zeuner). This type of 

selection, responsible for the ability to eat anything (or die trying, as in the case of the 

Galapagos apple) results in a micro property of goats. Goats were also selected for 

their social tendency to form groups or herds, which results in macro effects of goat 

populations. The mechanism that links the micro and macro behavioral levels, namely 

the production of offspring, has also been selected for: “Harvested populations of 

feral goats can increase by over 50% per annum if harvesting stops, because 

goats become sexually mature within their first year, have extended breeding 

seasons enabling them to have up to 2 litters a year, can conceive while still 

lactating, and can produce more than one kid per pregnancy.”1 Now that we 

understand Capra hircus’s predisposition for having an emergent impact on its 

environment, lets look specifically at Volcan Alcedo, its tortoises and its goats. 

For the sake of argument, I will divide the Galapagos tortoise’s habitat on Alcedo into 

three essential components: food resources, nests, and resources for regulation of 

temperature or health. A combination of the effects of individual goats’ actions and 

the effects of goats in large groups directly contributes to drastic damage to each one 

of these components.  
                                                
1 http://www.feral.org.au/content/species/goat.cfm). 
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We have already seen that tortoises depend largely on grasses and sedges for 

nourishment.

 

 Goats are often referred to as “generalists” or “highly adaptable” in their feeding 

habits (Coblentz). This simply means that they eat anything and everything. Goats are 

not as selective as donkeys in their food choices, and I speculate that a method such as 

Fowler’s to document the goats’ diets (Fowler would trace a 1 m2 area around a 

feeding animal and note which species were selected) would prove quite ineffective 

due to the small portion of “left-overs.” This “generalist” feature is aggravated by the 

fact that goats, unlike donkeys, usually remain in large groups, or herds. Thus, the 

feeding area of interest is extended far beyond 1 m² and the depletion of food 

resources rapidly spreads over vast areas. Tortoises are particularly vulnerable to this 

kind of continuous depletion of food over extended areas because they travel very 

slowly. Furthermore, the goats tend to consume their food in a non-sustainable way. 

They deprive the plants they feed on of essential parts needed for regeneration. Goats 

also prevent regeneration of plants by heavy trampling. The damage caused by their 

hooves is amplified by the fact that goats usually travel single file in large numbers. 

Figure 4: Giant tortoise feeding. Isla 
Santa Cruz. Cohen-Tanugi. 
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As a result of the combination of their feeding and herding behavior, the ground in 

certain areas suffered severe erosion. Although I did not find an appropriate category 

for “a safe traveling environment” in my depiction of tortoise habitat, tortoises have 

slipped and fallen to their deaths on the steep volcanic landscape of Volcan Alcedo.  

We have seen that combined, the goats feeding and herding behavior depletes the 

food resources needed by tortoises and even prevents their regeneration. Coblentz 

claims that “vegetation is soon destroyed on trails, and so this land is essentially taken 

out of production” (Coblentz).  

 

The second vital component of the tortoises’ habitat is their nests. In this 

regard, although I lack the data to support this hypothesis, I believe that the goats’ 

impact on tortoise nests is an amplified version of what Fowler’s data revealed for 

donkeys. My reasons for advancing this hypothesis are that goats frequent all areas on 

Alcedo -including the nesting areas- and that their habit of remaining in large herds 

and traveling single file would only increase the damage caused to any nest that lied 

in their way. 

Figure 5: Example of the 
destructive impact of goat 
population. Durham. 
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I have previously mentioned that, like reptiles, tortoises depend on their 

behavior rather than their metabolism to regulate their temperature. At the equator, 

the tortoises depend on shade under tree ferns and the coolness of water pools to 

prevent overheating. The pools that tortoises collectively love to settle in are partially 

a product of their own making: since volcanic rock is highly porous, tortoises gather 

and plaster the ground with a thick layer of tortoise feces to retain water.  

 

These pools may serve other purposes in health regulation such as getting rid of 

parasites or insects, and obviously they provide a valuable source of drinking water. 

During the dry season, the water for the pools that the tortoises enjoy comes from 

“garua” (mist) condensation on the vegetation and tree ferns, that drips down to form 

drip-pools. Not only do the goats drink most of that water, but by consuming and 

destroying the tree-ferns, they prevent new drip-pools from forming. Goats have been 

seen climbing “into many low-growing trees and feeding in the canopy” (Coblentz). 

Thus, once again, the goats’ feeding behavior directly affects the tortoises’ habitat. 

Figure 6: Tortoises bathing in pool. This pool 
most likely did not require tortoises to shape a 
impermeable floor because this site is an 
agricultural farm with muddy grounds. Isla Santa 
Cruz. Cohen-Tanugi. 
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Without these pools, tortoises can suffer from overheating and may not be able to get 

rid of parasites effectively.  

 

Now that I have argued that the goats’ feeding and herding behavior affects the 

tortoises’ habitat, the last step to understanding the threat posed by Capra hircus is to 

consider the size of their population. Goats arrived on Northern Isabela sometime 

between the late 1970’s and the early 1980’s by crossing the Perry Isthmus. The first 

few goats were first sighted on Alcedo around 1989. Within 15 years, the population 

exploded to more than 100,000 individuals. Large-scale destruction of ecosystems, 

particularly fragile oceanic ecosystems, appears to be an emergent property of feral 

goats. In A history of Domesticated Animals, Frederick Zeuner claims “the goat was 

useful as a destroyer of woods […] in the early stages of colonization.” The goat, I 

would argue, is specifically shaped -through the selective pressures resulting from 

domestication and the harsh environment that men have subjected it to- for the 

features that make it a particularly destructive animal in Northern Isabela. This 

argument, I believe, justifies the eradication of the goats [can you limit the area you 

are talking about, since this is such an extreme action] as the unique solution to 

conserving the Galapagos ecosystems.  

Figure 7: Tortoises bathing. Volcan 
Alcedo. Tui de Roy. 
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