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Emma Birch 
 

Galápagos Marine Iguana Expert 
On Daphne Major: Darwin’s Finches 

Somewhere amidst the Galápagos Archipelago, on the sea surrounding an island known as 
Daphne Major, I stand on a boat watching the picturesque sunset which hangs in the sky. It casts 
a blazing orange across the cerulean water, just catching on the crests of each little wave. It 
alights the western-facing side of the volcanic island with warm hues of yellow and pink. 

 

Marine Iguanas, Galapagos Islands.  Photo by Emma Birch. 
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The straining light of the setting sun illuminates the outline of a single bird perched along the 
coastline of the island. The bird resembles a sparrow, a starling, a finch, even, though it is a 
species of entirely its own. Its distinguishing physical characteristic lies within its beak, strong 
and sharp, wide and yet coming to a point with steep gradation.  Geospiza magnirostris. One of 
thirteen species of a subfamily of finches known as the Geospizinae — perhaps more 
recognizably, as Darwin’s finches. 

The scientific study of G. magnirostris, or the large ground finch has been significant to 
developing our current understandings of evolutionary concepts such as genetic drift, gene flow, 
and genetic diversity. With this, the study of the finches on Daphne Major illustrates the role of 
chance and determinism in colonization. “Colonization and subsequent immigration”, as seen in 
the Galápagos large ground finch, may in fact be “the model pattern of founder events”[1]. The 
founding individuals on Daphne were a random sample of the greater population of finches from 
the surrounding islands[2]. The founding individuals represented a random selection of the 
various characteristics which a finch might have. As these finches and their offspring 
reproduced, the traits being expressed by individuals became a genetically nonrandom sample. 
The subsequent genetic variety (or perhaps lack of variety) can be defined by an evolutionary 
concept known as genetic drift. 

Genetic drift refers to the idea that subpopulations of a species can be randomly selected through 
natural events to become genetically representative of the species. When these populations are 
founded by a relatively small number of individuals, genetic drift may cause a significant 
decrease in genetic diversity within the population. The founding individuals can only be so 
genetically diverse when the number of founding individuals colonizing the new population are 
limited. The subsequent generations of the species, after the initial event which caused genetic 
drift, will always reflect less genetic diversity than the parent population. In the context of a 
finch population, then, what might genetic drift imply in terms of genetic variability? 

Whether you’ve read about it in a biology textbook, seen it on a lecture slide, or heard about it 
from your Introduction to Evolution and Diversity professor, you are likely to be at least 
somewhat familiar with the notion that Darwin’s finches are famous for their diversity in beak 
size and function. If the finch population were to experience genetic drift, though, wouldn’t 
genetic drift very likely limit the beak size of the individuals within the population to very 
certain, very specific dimensions? How, then, can the considerable variability between the beak 
size and function of the individuals of the large ground finch population be explained? 

The answer, as it turns out, lies in the conclusions of a long-term study of the large ground finch 
population on Daphne Major. Over the course of several decades, now-famous scientists Peter 
and Rosemary Grant dedicated their lives to tracking, tagging, and tracing the life histories of the 
entire population of finches on Daphne[3]. In the early years of their study, they found that 
immigrant birds would migrate to Daphne just after breeding season, every year, only to leave 
again at the beginning of the next breeding season[4]. Why? During years of drought, Daphne 
was (for obvious reasons) not the ideal environment for parents to raise their offspring. It wasn’t 
until an exceptionally rainy year (1982-1983) that thirteen finches stayed on Daphne for the 
breeding season to reproduce, establishing the first large ground finch population on Daphne[5]. 
The finches have continued to do so ever since. 
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What does this imply as far as the growth of the finch population on Daphne? The finches on 
Daphne very much needed to inbreed to establish a stable population. Of course, there are ways 
in which the world naturally deters such behaviors, and not by issuing a misdemeanor or felony. 
Usually an inbreeding population will be affected by what’s called inbreeding depression, or the 
reduced ability to produce offspring because of inbreeding. Although the large ground finches 
did experience effects of inbreeding depression (such as asymmetry between the bones in their 
feet, for example), they were able to continue to reproduce with relatively high breeding 
success[6]. By 1992, the finch population on Daphne had grown to approximately twenty 
breeding individuals[7]. By 1993, it was twice that[8]. 

Individuals within this isolated population, through inbreeding, will undoubtedly produce 
offspring with reduced variability of traits. This loss of diversity, known as the “founder effect”, 
can be detrimental to the ability of a species to survive, adapt, and reproduce. When there is very 
little gene variation within a species, it becomes difficult for individuals to successfully 
reproduce healthy offspring, which are more likely to suffer the effects of inbreeding. Without 
genetic variation, a population cannot evolve in response to changing environmental variables 
and, as a result, may face an increased risk of extinction. 

For example, if a population is exposed to a new disease, selection will act on genes for 
resistance to the disease if they exist in the population. If they do not exist, if the right genetic 
variation is not present, the population will not evolve and could be wiped out by the disease. As 
a species’ population size dwindles, it loses genetic variation. Even if the species recuperates, its 
level of genetic variation will not. Genetic variation will only slowly be restored through the 
accumulation of mutations over many generations. For this reason, endangered species with low 
genetic variation may risk extinction long after its population size has recovered. Evolutionary 
theory suggests that, for the long-term survival of a species, is not only important that the 
individual members of a species survive, but also a species' ability to evolve in the face of 
changing environmental variables — to maintain its genetic diversity. 

Meticulous measurements of body dimensions and beak size over time, as collected by the 
Grants, clearly indicated the vastness of the genetic diversity amongst Darwin’s finches. Even so, 
it wasn’t until the development of genome sequencing technologies that scientists became aware 
of the true extent of the genetic diversity amongst the large ground finch population[9]. With the 
information revealed through genome sequencing, it became evident that the species G. 
magnirostris was actually made up of three genetically distinct groups, each group representing 
an individual species of finch which had coexisted on whichever island from which the Daphne 
population of G. magnirostris had originated[10]. 

Darwin’s finches had been interbreeding long before their colonization of Daphne Major[11]. 
Colonization and subsequent immigration events have occurred amongst the finches and across 
the Galápagos archipelago. Genetic drift, as experienced by the large ground finch population on 
Daphne, may have decreased the genetic diversity of the subsequent generations of finches. 
Simultaneously, however, gene flow between finch populations prior to the colonization of 
Daphne has allowed the finches to retain their extensive genetic diversity. 
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It is important to note that G. magnirostris, the large ground finch, is only able to continue to 
evolve, to survive and reproduce on Daphne Major because of this genetic diversity. When their 
survival is challenged, given their genetic variability, the finches are able to naturally select for 
the individuals within the population with a specific beak size and function which will improve 
their overall fitness.  When seasonal, local weather events such as El Niño and La Niña occur, 
for example, the sudden onset of a drought may impact the availability of natural resources 
which sustain the finch population. The large ground finches will improve upon their foraging 
strategies and, therefore, reproductive success by naturally selecting for individuals with shorter, 
wider beaks, capable of breaking the larger seeds buried underneath the soil[12].  G. 
magnirostris, then, will adapt this beak size and function, and in doing so will improve its ability 
to successfully survive and reproduce. 

Maybe one day, the effects of genetic drift will overcome the genetic diversity of the finch 
population and individuals will suffer the effects of inbreeding depression. Maybe one day, the 
effects of gene flow via interbreeding will become so conducive to such genetic diversity that the 
island of Daphne Major will no longer be able to sustain the finch populations. Maybe one day, 
the finches will go on to migrate to another island in the Galápagos archipelago. Maybe those 
individuals will found an entirely new population there. Maybe the study of those finches will 
continue to contribute to our understandings of evolutionary biology, just as their ancestors did. 

 Until one of those days comes, I take a moment to observe the species which populate Daphne, 
today. As the sky darkens behind me, I find myself squinting a little to make out a single bird 
perched just along the coastline of the island. Although standing on two asymmetrical feet, the 
finch stands strong. It leans forward in that peculiar way that birds sometimes do, just ever so 
slightly over the tips of its talons. It peers outwardly to the world around it. (I hope that it knows 
that I am doing the same right back.) Tufts of dark black feathers cascade from the top of the 
head down the body of the bird, which is otherwise a light tan color. The outlines of its wings 
glow a golden brown as the last strains of sunlight sifts through its feathers. The large ground 
finch resembles a sparrow, a starling, even, though it is a species of entirely its own. Geospiza 
magnirostris. Just as Darwin saw it, just as Peter and Rosemary saw it, just as I see it today. 

[1]  Grant, Peter R., and B. Rosemary Grant. 1995. 
[2] Berry, R. J. 1992. “The Significance of Island Biotas.” Biological Journal of the Linnean 
Society 46 (1–2): 3–12. 
[3] Grant, Peter R., and B. Rosemary Grant. 1995. “The Founding of a New Population of 
Darwin’s Finches.” Evolution 49 (2): 229–40. 
[4] Grant, Peter R., and B. Rosemary Grant. 1995. 
[5]Vincek, Vladimir, Colm O’Huigin, Yoko Satta, Naoyuki Takahata, Peter T. Boag, Peter R. 
Grant, B. Rosemary Grant, and Jan Klein. 1997. “How Large Was the Founding Population of 
Darwin’s Finches?” Proceedings of the Royal Society of London B: Biological Sciences 264 
(1378): 111–18. 
[6] Grant, Peter R., and B. Rosemary Grant. 1995. “The Founding of a New Population of 
Darwin’s Finches.” Evolution 49 (2): 229–40. 
[7]  Grant, Peter R., and B. Rosemary Grant. 1995. 
[8] Grant, Peter R., and B. Rosemary Grant. 1995. 
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[9] Grant, Peter R., B. Rosemary Grant, and Arkhat Abzhanov. 2006. “A Developing Paradigm 
for the Development of Bird Beaks.” Biological Journal of the Linnean Society 88 (1): 17–22. 
[10] Grant, Peter R., B. Rosemary Grant, and Arkhat Abzhanov. 2006. “A Developing Paradigm 
for the Development of Bird Beaks.” Biological Journal of the Linnean Society 88 (1): 17–22. 
[11] Grant, Peter R., B. Rosemary Grant, and Arkhat Abzhanov. 2006. 
[12] Grant, Peter R., B. Rosemary Grant, and Arkhat Abzhanov. 2006. 
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Sadea Campbell 
 

Avian Malaria Expert 
The Toughest of Love in Galápagos Sea Lions and Fur Seals 

Anyone with a sibling knows exactly what it’s like to have to constantly fight for the parent’s 
attention. My younger brother and I are a classic example of sibling rivalry when it comes to 
who our mother supports and cares for more. Typically, my brother wins as he is younger and 
less able to take care of himself due to lack of experience and the fact that he is nowhere close to 
going through puberty yet, but is this the same case for animals? 

On my recent trip to the Galapagos Islands, I witnessed a fascinating display of parent-offspring 
conflict and sibling rivalry within the famous Galapagos fur seals and sea lions. We had just 
arrived on a small islet surrounded by various shapes of lava rocks littered with beautiful sally 
light-foot crabs and sandy mini-beaches that piqued our curiosity. The air smelled of saltwater 
due to the violent waves repeatedly crashing against the rocks and threatening to swallow the 
outskirts of the island. As we jumped out of the zodiacs and onto the land to follow our guide, 
we took in the wildlife around us. Magnificent Frigate birds flew over our heads and around the 
elevated portion of the islet while Galapagos Oystercatchers scurried around the shore in search 
for their next meal. 

To our right was an eye-catching example of lava formations with a huge display of different 
colors of layers of rocks jutting out of the water. We all gathered as close as possible to listen to 
our guide explain the scene in front of us, when loud, guttural moans coming from the other side 
of the beach echoed throughout the salty air. Curious as to what could produce those bizarre 
noises, we approached the edge of the rocky beach and noticed a mother sea lion and her pup 
wildly struggling against each other. The mother was simply relaxing on the warm sand while 
the pup continuously butted its head into her stomach and barked at her (behavior that wouldn’t 
fly for most humans). Occasionally, the mother would bark back and shoo the pup off, waving 
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her head at it wildly. According to our guide, the pup was attempting to coax the mother into 
allowing it access to her milk by forcing itself underneath her belly. 

Sea Lions.  Illustration by Sadea Campbell. 

The mom, on the other hand, was not having it and repeatedly barked at the pup, pushing it away 
violently. Most of us were confused as to why a mother sea lion would deny her pup access to 
nutrients in the form of milk, but when another pup of the same mother struggled up the shore, 
the story became clearer. 

Just as many humans do, a multitude of animals grow up with one or more sibling and have to 
compete for resources from the parents. Parents in the animal kingdom also deal with an 
increased need for resources with every child they become responsible for, so sibling rivalry and 
parent-offspring conflicts generally have an effect on each other. Parent-offspring conflict can be 
defined as differences between the amount of parental care the parent wants to invest into the 
offspring and the amount of parental care the offspring wants from the parent. For example, 
weaning a child off of breast milk is defined as parent-offspring conflict because the offspring 
wants to benefit off of the mother’s milk for as long as it can, but the mother doesn’t want to 
expend extra energy. 

This can interfere with sibling relations as more siblings produced leads to less resources 
allocated for each sibling, causing the siblings to compete with each other. Being the older 
sibling has its benefits, like getting a car first or being able to boss your younger brother or sister 
around, but do older animal offspring get the same treatment as humans do? Almost every 
household experiences fights between the children over the last cookie or last turn on a video 
game where the parents simply let the two fight it out, but studies show that 75% of fur seal and 
sea lion mothers tended to defend the younger sibling against the aggression of the older one[1]. 
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The mother will do this by using “threats, but also escalated to biting, lifting the older offspring 
by its skin and sometimes causing open wounds [1].” 

As intense as this sounds to us, it is necessary behavior to keep the younger offspring alive 
because typically, the younger, less developed sibling is at a disadvantage because it is not as 
aggressive as its older sibling. Just as in humans, the older sibling has the power to boss the 
younger one around and chase it away from getting milk from the mother, leaving it to waste 
away and possibly die. Sibling conflict can be extremely dangerous for the younger offspring 
with some cases even leading to siblicide – the death of an offspring caused by another. This is 
almost always the case with Nazca boobies as the stronger sibling forces the weaker one out of 
the nest, leaving it to slowly waste away and perish[2]. As a whole, “sibling relations can be 
expected to play a significant role in shaping individual phenotypes, whether morphological, 
physiological, or behavioral[3].” 

In the case of the Galapagos fur seals and the Galapagos sea lions, parent-offspring conflict and 
sibling rivalry occur in a unique fashion. These species are especially important in studying the 
particular evolutionary concepts mentioned above because of their late weaning, overlap of 
successive young, and resource uncertainty [1]. Galapagos fur seals and sea lion mothers tend to 
breastfeed their young until they reach around two years old, around the same time as humans. 
Due to this late age of feeding, 23% of pups are born while another is still feeding [1]. Any 
mother with twins knows it’s hard to feed two children at once and most resort to baby formula, 
but this is not an option for the Galapagos pinnipeds. Shared breastfeeding causes the younger 
pup to grow less in the case of the fur seals and for both species to have higher mortality rates at 
a young age [1]. Referring to resource uncertainty, the Galapagos Islands experience extreme 
changes in weather patterns, El Niño and La Niña, which alters resource availability frequently. 

In most cases of parent-offspring conflict and sibling rivalry, limited resources leads to the 
mother throwing all of her support into the older, healthier sibling[4]. In the Galapagos 
pinnipeds, if the older sibling is male, then the effects of these conflicts are stronger due to 
sexual dimorphism in these species. Sexual dimorphism refers to the fact that male fur seals and 
sea lions are born larger and require more nutrition than their female counterparts. This is often 
the case in humans as well, as males are often much larger than females and eat much more. 
Funny enough, “he’s a growing boy” applies to the pinnipeds of the Galapagos Islands as well. 
Due to this difference in the demands of each sex from their mother, the mother is most likely to 
invest more in the son if anything goes wrong, and in turn, causes the males to become lazy 
while demanding more. When I say they become lazy, I don’t mean they just sit around and 
watch TV like many brothers do. I mean they don’t go out and find food on their own like their 
sisters do. In a study by Piedrahita, more than two-thirds of female pups between the ages of one 
and two engaged in “independent foraging,” the act of independently searching for food[5]. 
Sound familiar? 

In an evolutionary sense, you may be asking why these species don’t just reproduce once every 
two years to avoid sibling overlap and conflict. The answer is simple. In the Galapagos where 
resource availability is constantly fluctuating, it is evolutionarily beneficial to produce more 
offspring as a sort of insurance. If the stronger offspring dies, which has been proven to happen 
to males when food is scarce, then the mother can switch her investment to another offspring and 



 10 

assure her reproductive value. Think of it this way: many of us update our pictures to the 
infamous Cloud as back up in case our phone spontaneously blows up or we accidentally crack 
the screen. It’s always better to be safe than sorry, and the fur seals and sea lions act in this way 
as well. 

Reanalyzing the noisy scene from my trip to the Galapagos, it became apparent that the mother 
was responsible for two pups, thwarting off the older pup in an attempt to save some milk for the 
younger, weaker one. All at once, the fur seals on that hot, rocky beach were demonstrating a 
unique case of parent-offspring conflict, sibling rivalry, and parental interference in the latter. 
The mother could have been avoiding the older sibling with interest of the younger sibling 
because resources were plentiful and she could afford to invest in both equally. The demanding 
sibling could have been a female, and the mother could have already decided to solely invest in 
the male because resources were limited. There are many possible reasons why this scene of 
parent-offspring conflict could have occurred, but these two evolutionary concepts are very 
evident and unique in the Galapagos fur seals and the Galapagos sea lions. What do you think 
was the case? 

[1] Trillmich, F. & Wolf, J.B.W. Behav Ecol Sociobiol (2008) 62: 363. doi:10.1007/s00265-007-
0423-1 
[2] Godfray, H. C. J. (1995). Evolutionary theory of parent-offspring 
conflict. Nature, 376(6536), 133-8. 
[3] Hudson, R. & Trillmich, F. Behav Ecol Sociobiol (2008) 62: 299 
[4] Trillmich, Fritz. "Field Metabolic Rate of Lactating Female Galápagos Fur Seals 
(Arctocephalusgalapagoensis): The Influence of Offspring Age and Environment." 
[5] Piedrahita, Paolo. "Lazy Sons, Self-sufficient Daughters: Are Sons More 
Demanding?"ScienceDirect. 
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Marcos Duran 
 

Geospiza Finch Expert 
The Cormorant That Unlearned How to Fly 

Saturday, April 1st of 2017. My fellow students and I walk down a trail on the island of 
Fernandina. It is the second day of our trip to the Galapagos Islands, and I try to ignore the 
sweltering, humid heat as I sit to rest on a hard, rocky surface. As I sip on some water, something 
catches my eye, off in a patch of rocks in the ocean. It is a trio of small-chested birds, squaring 
off and honking at each other over a piece of fish, or perhaps a mate. All of a sudden, in the 
middle of their epic duel, a sea wave splashes up and takes them for a swim. As they waddle, 
sopping wet back to their rocky patch, they take a small break from the action and form a 
temporary peace treaty to stretch out their wings in unison in order to dry them. I grin as they 
stand still, trying to hug the sun. Tiny, scrawny things, these wings are very much incapable of 
lifting the birds’ bodies, much less allowing them to fly for long distances. However, these 
seemingly pitiable wings are their trademark, for no other bird of the archipelago has them. 
These birds are none other than the Galapagos flightless cormorants. 
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Galapagos Cormorants.  Photo by Top Birding Tours Company. 

The Galapagos cormorants are just like any other seabird. They dive for grub in the salty sea 
waters, they preen their feathers in an effort to appear better-looking, and they fight over women 
so much that even Popeye the Sailor Man would be proud. Yet, at a wing comparing 
competition, their short, stunted, and rather jokey looking wings earn them the “At Least You 
Tried” award. Why on earth would they have these useless wings that do not allow them to fly? 
In order to answer this question, scientists took to considering the other less funny looking 
flightless birds. 

It was originally thought that all of the flightless birds, from ostriches to penguins to kiwis and 
cormorants, had descended from a single common ancestor who was also flightless. However, 
this is not the case, as it was discovered that these flightless birds all descended from different 
beings[1]. This head scratcher of a puzzle is turned into a full blown mess of a confusion when 
we consider that every other bird species in the Galapagos can fly, and that no other bird in the 
cormorants’ genus is flightless[2]. There must be a reason for this befuddling loss of flight. The 
fact that the cormorants look stupid with their wings doesn’t mean that they actually are stupid 
and one day just decided to not fly anymore. 

Luckily for those of us who are curious about the matter, evolution might just prove to be the 
solution to this million-dollar question. It has been postulated that when the cormorants’ ancestor 
arrived in the Galapagos, it could still certainly fly[3] (this has also been considered a possible 
way that the cormorants came to find themselves on this archipelago). However, upon arrival, 
the ancestor encountered no natural predators, and was provided plenty of food year round in the 
form of fish[4]. With these luxuries, Grandpa Cormorant had no need for migration and couldn’t 
have gone anywhere even if he wanted to, considering that the islands that make up the 
Galapagos are all clumped together, separated from the rest of the world by oceans and seas, 
making a flight to anywhere very unlikely. Taking into account that flight is also used to evade 
predation, Grandpa Cormorant simply had no need for such great wings designed for flight. He 
had no need to expend his hard-earned energy on developing and maintaining them[5], and could 
instead focus this energy elsewhere, such as developing a larger body mass, or swimming for 
more grub.   

Yet, this is not enough reason to simply lose a pair of magnificent wings in exchange for a pair 
of scraggly ones[6]. These odd-looking birds would not appear to be hilarious if they had nothing 
to gain from it. Luckily for the cormorants however, the sacrifice of their dignity in order to 
adopt an awkward appearance has not gone unrewarded, as they had much to gain from losing 
flight. 

As their wings became smaller, the cormorants’ body mass increased[7]. A large body mass is 
very disadvantageous for flying birds[8]. Imagine a plump little robin eating a seed off the 
ground. As it is happily munching away, old Granny Smith’s tabby cat spots it and decides it 
wants a snack. The robin sees it and flutters its wings as fast as it can, trying to fly back to the 
nest. A wild chase a la Indiana Jones style begins. Unfortunately for this plump robin, it can’t lift 
itself fast enough, and spends all of its energy quickly due to its heavy body and large mass[9]. 
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Once this chase concludes, the robin will spend the rest of the day in the tabby’s litter box, at 
least until Granny decides to clean it. 

While bearing a portlier figure may pose an unpleasant dilemma to flying birds, it is good for 
diving birds. It allows them to dive deeper and for longer periods of time[10]. Naturally, this 
larger body mass in the cormorants supplied them with better diving skills. In addition, their 
gawky wings do not get in their way while diving, thus making them quicker than a large-winged 
diving counterpart[11] such as the Galapagos Petrel. 

Much of this evidence points towards these traits bringing a higher degree of fitness to the 
cormorants[12]. However, fitness here does not refer to having an athletic and strong appearance. 
The cormorants’ droll wings automatically disqualify them from such recognition. Fitness in this 
case refers to an organism’s ability to survive and reproduce in their home environment[13]. 
Thus these traits are passed on with a higher frequency, altering the populations’ gene pool, 
leading to these new traits. Who knew that these ludicrous wings actually help the cormorant 
pass on its genes? Not so ridiculous or stupid-looking now, are they? 

When scientists first saw and studied these birds, they imagined how long it must have taken for 
the cormorants to evolve to their tiny wings. Now, after all this time, imagine their disbelief 
when they realized that these wings just popped up out of nowhere by chance! Based on current 
research, it is suspected that what led to the change is not an adaptation to the unique 
environment of the Galapagos, but rather, a mutation. A gene named Cux1 was found to be 
mutated in the flightless cormorant when compared to other species[14]. Now, some people, 
including the evolutionary biologists of old, would say that a single mutation might not amount 
to much. A change of one base-pair in the whole genome, which is millions of base-pairs long, 
affects the development of the organism? Really? Get out of here. 

Unfortunately for the nay-sayers, it happens to be that the mutated Cux1 regulates the expression 
of cilia, tiny hair-like structures on the surface of cell membranes that serve to receive signals 
important for the development and function of cells[15]. This mutation led to particular cilia not 
being present, which in turn led to poor reception from an important protein related to limb 
growth, shrinking the wings of future generations of the ancestral cormorants[16]. 

Funny how one single mutation can alter so much of the organism’s development and growth. 
Take that, you non-believers. 

This mutation could’ve resulted in disaster (Imagine if the mutation had targeted the legs! Now 
there is a funny picture). Luckily for the cormorants however, it actually ended up improving 
their survival and helped them pass on their DNA. Since the mutation was beneficial, it was 
selected for, and just like that, the cormorants’ wings shrank, bringing about the short, ludicrous 
wings we see today in the cormorants[17].   

It truly is amazing. These mutated chicken-like wings, that at first glance appear to be useless are 
actually beneficial to the Galapagos flightless cormorants, including the group I saw on 
Fernandina Island. As this group of cormorants finished their sunbathing break, they were quick 
to continue their squabble, waddling about all over the rocks and honking at each other. I sat 
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there entertained by the performance happening before me, wondering if popcorn would be 
allowed on the island. I continued to witness this spectacle, only leaving when forcibly removed 
by our field guide, Fausto. That was not the last time we would see these peculiar fowl however. 
As our week on the Galapagos continued, we saw them multiple times, some of them 
exemplifying their flightless behaviors. From watching them dive spectacularly, to preening the 
feathers on their scrawny wings as they hug the sunlight, to honking at each other over some 
lucky bird gal. Everything these birds do can hook the average biologist’s attention, and our 
group was no exception. I will always remember these birds alongside every other thing we saw 
in the Galapagos. Because, after all, it’s not every day that you get to see a bird that has 
unlearned how to fly. 

[1] Burga, Alejandro. “Loss of Flight in the Galapagos Cormorant Mirrors Human Skeletal 
Ciliopathies.” 2 Jul. 2016. 
[2] Hayward, James L. et al.  “Temporal and Environmental Effects on the Behavior of Flightless 
Cormorants.” The Wilson Journal of Ornithology, vol. 125, no. 4, 2013, pp. 790–799. 
[3] Wilson, Rory P. et al.  “What Grounds Some Birds for Life? Movement and Diving in the 
Sexually Dimorphic Galapagos Cormorant.” Ecological Monographs, vol. 78, no. 4, Nov. 2008, 
pp. 633–652. 
[4] Burga, Alejandro. “Loss of Flight in the Galapagos Cormorant Mirrors Human Skeletal 
Ciliopathies.” 2 Jul. 2016. 
[5] Elliott, Kyle H. “High Flight Costs, but Low Dive Costs, in Auks Support the Biomechanics 
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Jose Gamarra 
 

Galapagos Tortoise Expert 
The Successful Child of the Galapagos 

The Scalesia is the counterpart of Darwin’s finches in the plant world. Just like the 
Darwin’s finches, it is composed of 15 different species that are spread all throughout 
the Galapagos Archipelago. The Scalesia is one of the seven endemic plants genera to 
the Galapagos islands. It is found in the five biggest islands: San Cristobal, Santa Cruz, 
Santiago Isabela, Fernandina, and Floreana. 

 

Photo of Scalesia.  Galapagos Islands. 
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The Scalesia shares the same “blood” as the daisies. It is part of the Asteraceae family, 
just like the daisies, lettuces, marigolds, and chamomiles. Indeed, the Scalesia shares a 
unique blood line since the name Asteraceae comes from the type genus Aster, meaning 
star, which refers to the star-like form of the flower. Moreover, the Asteraceae family 
can be found in North America, South America, Europe, Asia, Australia, Oceania, and 
the Galapagos. The Galapagos was recently colonized around two million years ago by 
the fearsome Scalesia warrior. 

The lineage of the Scalesia is a toddler in the eyes of evolution. Schilling et al. suggest 
that Scalesia diverged from the sister taxon Pappobolus (a mainland brush) 
approximately 1.9- 6.2 million years ago[1]. The lineage was recently born or, to be more 
accurate, diverged from its mother, Heliantheae. Moreover, the time of “birth” of 
the Scalesia ruled out the fact that it might have divided in the mainland since the 
Galapagos formed 5-10 millions of years ago, and there is no species of Scalesia in the 
mainland. However, this is not certain because Scalesia could have disappeared from 
South America a long time ago, and migrated to the Galapagos. Knowing the time of 
the Scalesia diversification by using its “family tree” is intriguing to the science world 
since it put us one step forward in determining its “true place of origin.” Getting close to 
the answer is important for it can be lead to new methods of research never used before. 
This would be a breakthrough in science since these new methods can be applied to 
other species in the Galapagos. 

Understanding a family tree is just like understanding the relationship of 
the Scalesia and the Asteraceae family. A family tree can trace events back in time so 
the new generations can reflect from their ancestors.  In the case of the Scalesia, its 
“family tree” traces changes in time such as genetic relation, and physical and genetic 
adaptations that made the Scalesia adapt to the Galapagos successfully. Just like one 
would use a normal family tree to trace back the history of one’s family, one can utilize 
the Asteracea family tree to trace back the genetic evolution of the Scalesia in the 
Galapagos by using the DNA of the Scalesia to compare it with other species in 
the Asteracea family. 

The Scalesia is like a spoiled princess that can do anything it pleases to get what it 
wants. The Scalesia wants to succeed in various habitats so it is capable of growing as 
either a shrub or a tree to match the conditions of each ecosystem. Thus, there are only 
three tree-like species of Scalesia—S. pedunculata, S. cordata, and S. 
microcephala. The rest only grow as shrubs in the Galapagos. Each of the species 
adapted to different ecosystems across different islands; just like invasive species, they 
can survive in different habitats. As a result, they can interact differently in each 
ecosystem, or occupy different niches. All these circumstances are part of a process 
known as adaptive radiation since every edge of the Galapagos screams out evolution in 
process. 

Every species of Scalesia has a similar stem structure, and acquire unique kinds of 
flowers and leaves. They have soft bark and a sponge-like structured stem that 
transports water and nutrients to every part of the organism. With daisy-like flowers, 
the Scalesia is often referred to as the “daisy tree” in Spanish. However, the most 
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noticeable aspect of the Scalesia is its different types of leaves. Just like the finches’ beak 
size, the leaves come in different shapes, sizes, and forms that are unique to each 
individual species and environment. 

The most famous and widespread species is Scalesia pedunculata, which can be found 
in humid and windy areas of Santa Cruz, San Cristobal, Santiago, and Floreana. Scalesia 
pedunculata is one of the largest growing Scalesia species. This species can grow to a 
height of 15 to 20 meters tall in just a few years.  It is difficult to miss this species 
because it covers most of the highland regions in the Galapagos. They are the most 
talked-about plant species by tour guides. 

The Scalesia has a strange lifestyle. Most of the species are found within arid habitat 
and transition areas that link two different habitats together. S. pedunculata, S. 
cordata, and S. microcephala occur in dense forests as the dominant plant species. 
These species usually grow in groups of individual that are the same height and age. 
They all reach maturity after 15 years. El Nino, droughts, and floods can cause entire 
forests of Scalesia to collapse. However, they reproduce at the same rate, allowing the 
new generation of seedlings to regrow. In other words, they live together and die 
together. They are worse than the three musketeers. 

Various species of Scalesia can control their reproduction based biotic and abiotic 
conditions from the environment. They have various reproductive characteristics that 
enhance their survival on a certain island. Nielson et al. suggest that in the case of S. 
affinis, if needed, sexual reproduction was favored more than asexual reproduction[2]. 
In favored conditions, such as persisting rainfall and proximity of individuals to each 
other, S. affinis prefers to reproduce sexually.  Genetic variation in a population is 
necessary to ensure that the species is capable to survive drastic changes in its 
environment. However, in unfavored conditions, such as droughts or the introduction of 
a plant to its environment, the species prefers to reproduce asexually since it ensures the 
spreading of the species by increasing the population size of the fittest individuals. 
The Scalesia can be a dad and a mom at the same time—just when the Scalesia needs it. 

The Scalesia is a capable plant that can survive by itself. Nielson et al. suggest 
that Scalesia is a great example of Baker’s law—a theory about self-compatible plants 
having a selective advantage in island colonization as they do not require the 
introduction of other plants to survive [2],[3]. The Scalesia is found in different habitats 
by using similar or different mechanisms of survival within themselves. For example, 
plants reject pollen particles that come from the same plant when conditions are 
favored.  

Different species of Scalesia are successful in their own environment only. Schmidt and 
Skowe suggest that different species of Scalesia interact with certain soil fungi that 
produce nitrogen [4]. Every species has a different type of roots because certain species 
of Scalesia can grow optimally or not grow at all in certain clades of fungi. Different 
forms of roots are capable of maximizing the absorption of nitrogen from a certain soil 
fungi. Therefore, two or more species of Scalesia cannot compete in the same 
environment because each environment favors one or more species over the others. An 
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environment favors a relationship where organisms are capable to thrive together. This 
is a great evidence of adaptive radiation because the Scalesia was able to occupy certain 
environments by interacting with organisms differently, and adapting to those 
interactions. It needed to change certain aspects of its physical shape in order to be 
successful in such an environment. 

The Scalesia is a great example of evolution in the plant world. It was capable of 
diverging and adapting to the Galapagos in a short time, compared to the origin of the 
Galapagos archipelago, successfully. It is found in different habitats throughout the 
whole archipelago since every species adapted different physical characteristics based 
on the conditions given by a certain ecosystem. The conservation of Scalesia depends on 
the conservation of terrestrial organism since the Scalesia’s survival is mostly based on 
symbiotic relationships with soil fungi. Thus, the conservation of the Galapagos’ 
terrestrial ecosystems is pivotal since it is beneficial to the Scalesia and the role it plays 
in its various habitats. Each species of Scalesia is attached to the life on its island, which 
makes them more vulnerable to drastic changes. Therefore, it is important to conserve 
the Scalesia because it brings soil composition stability, and is vital for the survival of 
other organisms.  

[1] Edward E. Schilling, Jose L. Panero, Uno H. Eliasson (1994). Evidence from 
Chloroplast DNA Restriction Site Analysis on the Relationships of Scalesia. American 
Journal of Botany, 81. 2, 248- 254. 
[2] Lene Rostgaard Nielson, Hans R. Siegismund, Marriane Phillip (2003). Partial self- 
incompatiblity in the polyploid endemic species  Scalesia Affinis  (Asterecae) in the 
Galapagos: remnants of a self incompatility system? Botanical Journal of the Linnean 
Society, 93- 101. 
[3] Herbert G. Baker (1967). Support for Baker's Law-As a Rule. Evolution 21.4, 853- 
856. 
[4] Steve K. Schmidt, Kate M. Skowe (1986). Michorrizal Fungi on the Galapagos 
Islands. Biotropica 18.3, 236- 240. 
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Sayyed Hussain 
 

Galapagos Tortoise and Marine Iguana Expert 
The Galapagos Hawk: Reverse polygamy and size matters (not really, 
but kind of) 

Treading on the black volcanic sand of Fernandina Island, in the Galapagos archipelago, 
we hoped to see some snakes. To our amazement, we saw the Galapagos Hawk instead. 
The apex predator of the Galapagos. 

 

Galapagos Tortoise Illustration by Sayyed Hussain 
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The big, dark hawk tore into the flesh of a small marine iguana with its bright yellow 
beak, as a smaller hawk joined us and watched the scene unfold from a safe distance. 
Shrouded in what appeared to be a dark brown-black cloak, the Galapagos hawks have 
secrets of their own that are not obvious upon first glance—not to a few new students of 
evolutionary biology, anyway. A novice bird enthusiast might think that the smaller 
hawk was simply a juvenile one, whereas the larger one was the adult. However, that 
wasn’t the case. The larger hawk that devoured the marine iguana was a female, while 
the smaller hawk was just one of its several (smaller) male mates. 

Most bird species are considered monogamous. One male and one female generally 
form a “pair bond” that lasts for one or more breeding seasons. Some monogamous 
birds occasionally mate outside of their pair bond, but almost 90% of all known bird 
species are primarily monogamous. Less than 3% are thought to be polyandrous [3]. The 
Galapagos hawks are even more special because they are usually cooperative-
polyandrous—less than 1% of all known bird species are cooperative-polyandrous [1]! 
This means that in the Galapagos hawks, multiple males breed with a single female, 
usually for their life time, and aid in rearing the chicks [1]. 

The primary reasons for polyandrous behavior is due to the nature of territory 
acquisition and the variable climate of the Galapagos [3]. A group of males, in 
cooperation, is better able to acquire and maintain its hold on a territory for a female to 
nest in, while solo males are less successful in territorial acquisition. Additionally, 
multiple males are more capable of raising chicks since they are better able to distribute 
the cost of raising chicks among themselves and reduce the weight of the load that 
comes with raising chicks: up to four males cooperate when raising chicks, meaning that 
each male doesn’t need to forage as much as it would have had there been no help. 
Consequently, each male in a polyandrous group, can forage more food for itself, and 
survive longer than a typical male in a (less common) monogamous pair bond. This is 
especially true during periods of low food availability, which are often periodic, due to 
the nature of El Nino and La Nina in the Galapagos. 

It comes as no surprise that polyandrous groups generally raise more chicks to 
adulthood than monogamous pairs [2], [3]. Chicks raised by polyandrous groups tend to 
have a higher chance of reaching adulthood than those raised by monogamous pairs, 
since the former tend to receive extra feedings. These extra feedings are a direct benefit 
from additional male parents that contribute their fair share to improve the quality of 
feedings for the chicks. Furthermore, this difference in the quality of feedings results in 
a major head start for chicks raised to adulthood by polyandrous groups over those 
raised by monogamous pairs. This is due to the understanding that better feedings, 
while in the nest as chicks, result in better developed adult hawks out of the nest. This 
better physical development of chicks raised by polyandrous groups may allow for 
quicker territorial acquisition, a longer life span, and more life-time offspring produced 
in comparison to hawks that were raised by monogamous pairs as chicks. 

Occasionally, there is a slight downside for some males in a polyandrous group. Even 
though more chicks are raised to young adulthood by polyandrous group as compared to 
monogamous pairs on a per nest basis, each male in a polyandrous group generally 
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produces fewer offspring of its own than a male in a monogamous pair on an annual 
basis. This is somewhat expected since the number of eggs produced by a female is 
limited, and some males in a group aren’t always able to secure an offspring of their 
own. The caveat here is that males in a polyandrous group tend to live longer and breed 
for a longer duration, which compensates for the smaller annual yield with an overall 
larger life-time yield. Furthermore, it is suggested that when other males in a 
polyandrous group die, the female continues to mate with the remaining male. This 
means that in a polyandrous group, each male generally tends to fare better than a male 
in a monogamous pair over the course of its lifetime, and the surviving male of a 
polyandrous group tends to fare far better over the course of its lifetime than all other 
males [3]. If producing more offspring was the chief goal in the war for ultimate 
survival, monogamous males may win a few battles, but they lose the war. It is more 
beneficial to be a male in a polyandrous group than a male in a monogamous pair over 
the course of a hawk’s lifetime. 

Nevertheless, the preferred familial structure and behavior of the Galapagos Hawk is 
rare among the rare. Polyandrous behavior is very uncommon among birds, but 
cooperative polyandrous behavior, as demonstrated by the Galapagos Hawk, is 
exceptionally rare [1], [4]. Very few other bird species demonstrate cooperative 
polyandrous behavior. 

A shortage of breeding opportunities in combination with small territorial availability 
may create the right conditions for cooperative polyandry to be the most beneficial 
mating system for parents and offspring alike. These conditions don’t apply to most 
birds, but they adequately describe the condition of the Galapagos hawks; the Galapagos 
hawk’s effective population size is extremely small, and the availability of suitable 
territory for hawks in the Galapagos Islands is very low due to the harsh nature of the 
environment. Unsurprisingly, the polyandrous mating system has been observed to be 
widespread in the Galapagos hawks Evolutionarily speaking, the most beneficial 
behavior will be selected for until it becomes the norm in nature, and that’s what may 
have happened with polyandry in the Galapagos hawks. Since cooperative polyandry 
was most beneficial for the Galapagos hawks, they adapted as a species to optimize the 
cost-benefit mechanism to yield more fit offspring at a relatively lower cost. Of course, 
this behavior became prevalent after a long time, and it is likely that some of the first 
Galapagos hawks may have behaved entirely differently than their modern-day 
counterparts—similar to how early humans may have behaved entirely different from 
modern-day humans with respect to monogamy. 

All this explains why the female Galapagos Hawk may have several male breeding 
partners, but it doesn’t explain why the female hawks tend to be bigger than their male 
counter parts So why is it so? The devil is in the details; in this case, some of the missing 
details hold the necessary clues required to understand the difference in size between 
the sexes. 

Males are smaller than females primarily due to partial role reversals within the species. 
Females compete to lay eggs in a nest on a territory secured by males; in this 
competition, larger females tend to be favored over smaller ones due to their ability to 
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invest more in each chick and produce healthier offspring. On the other hand, males 
generally compete to only acquire the territory, and after both sexes win in their 
respective competitions, the female tends to incubate the eggs while the males forage for 
food. Since males constantly expend energy to search for food, they may have evolved to 
be smaller than females to increase foraging efficacy [5]. Usually, both parents 
contribute a significant portion of their energy in the upkeep of chicks after they hatch, 
but this is not the case with the Galapagos Hawk as much of the post-copulatory feeding 
is done by the male parents. This may explain some of the obvious sexual dimorphism in 
the Galapagos hawks. Sexual dimorphism is common in many birds, and it often 
describes the common differences in plumage or variation in physical structures, 
between male and female birds of the same species, but in the case of the Galapagos 
hawk, it is size that really matters. 

Of course, a novice bird watcher wouldn’t know these things, but congratulations—you 
are well on your way to becoming a Galapagos hawk specialist! It is not often that one 
encounters a bird enthusiast, but you are now equipped to chime in about the Galapagos 
hawk during your next conversation with the bird enthusiast in your life. The Galapagos 
hawk exhibits fascinating behavior, with interesting differential physical development. 
Witnessing a pair up close—especially when one of the hawks, the female, was feeding—
was an absolute delight. In humans, reverse polygamy (polyandry) is heavily frowned 
upon, and men are expected to be larger than women in most societies, but in nature 
(sometimes) these roles are completely reversed. A case in point—the Galapagos hawk. 

Endnotes 

1. Ehrlich, Paul R. et al. (1988), “Polyandry” & “Monogamy”- Separate Essays. 
Stanford. 

2. Faaborg, John, et al. (1980), “Preliminary Observations on the Occurrence and 
Evolution of Polyandry in the Galapagos Hawk (Buteo Galapagoensis).” The Auk, 
vol. 97, no. 3, pp. 581–590 

3. Faaborg, John, et al.  (1986), Reproductive success and survivorship of the 
Galapagos Hawk Buteo galapagoensis: potential costs and benefits of cooperative 
polyandry. Ibis, 128: 337–347. 

4. Faaborg, John, et al. (1995), “Confirmation of Cooperative Polyandry in the 
Galapagos Hawk (Buteo Galapagoensis).” Behavioral Ecology and Sociobiology, 
vol. 36, no. 2, pp. 83–90. 

5. Snyder, N.F. & Wiley, J.W. 1976. Sexual size dimorphism in hawks and owls of 
North America. Ornith. Monogr. 20. American Ornithologists’ Union 

  



 24 

Jean Jimenez 
 

Magnificent Frigatebird Expert 
The Dynamic Soarer 

As I sit on the top deck of this ship, sailing across the cold waters of the Galapagos, an 
ominous t-shaped silhouette is roaming above the puffy cumulus clouds. 

Is it a bird? Is it a plane? 

 

Frigatebird soaring above the yacht. Picture taken by Claudia Quihuis. 
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As this UFO descended I noticed that it was only just a frigatebird gliding through the 
sky. I continue to visit the top deck of the ship on a regular basis and always observe the 
frigatebirds gliding with the ship, occasionally swooping in and out of the path of the 
ship. But one thing struck me as strange. The frigatebirds weren’t flapping their wings. 
Instead, their wings were stiffly still and straight like that of an airplane. 

Curious about frigatebird flight, I researched the term and many headlines popped up. 
Most of them read Frigatebirds can fly for weeks at a time[2], Frigatebirds fly nonstop 
for months[3], and Frigatebirds sleep midflight[4]. Reading these headlines and some 
of these articles made me curious in how frigatebirds are able to fly for such a long 
period of time. 

Earlier, I described the flight of the frigatebird as gliding. The frigatebird doesn’t glide; 
it soars. More specifically, frigatebirds are a type of bird that flies long distances using a 
flight model that aerospace engineers call dynamic soaring[5]. The dynamic soaring 
model of flight requires a low amount of energy. To understand how dynamic soaring 
works, we must first understand how flight works. 

The shape of the wing influences flight. In fact, the wing shape of frigatebirds is similar 
to that of airplanes and the same physics are applied[6]. The bottom of the wing is flat 
and the top is curved, causing air to move faster under the wing than above the wing. 
This causes a low-pressure system which generates the force of lift[7]. 

In order to obtain lift, air must be moving past the wing at a certain speed. This is where 
dynamic soaring comes in. 

Dynamic soaring offers the benefit of having air flowing fast past the wing, while 
lowering the energy investment the bird has to make. The physics behind how dynamic 
soaring works is the same as the physics behind how roller coasters constantly change 
its type of energy, from kinetic to potential, or vice-versa. Frigatebirds exploit the 
natural winds of the ocean to achieve lift. By flying into the wind, the birds are elevated 
up in the sky. Once in the sky, they have no kinetic energy to keep on flying, but being 
high up gives them a lot of potential energy. As a consequence, they swoop towards the 
ocean floor, gaining kinetic energy and losing potential energy on the way. At the last 
second, the bird makes a sharp turn (spending only a little bit of its own energy) into the 
wind, repeating the process again[8]. This process happens continuously until the 
frigatebird reaches its destination. 

Frigatebirds are an interesting group of birds to study because of this specific behavior. 
Studying how this behavior developed throughout natural history gives scientists an 
insight in the evolution of birds. Frigatebirds are members of a group 
called Suliformes[10]. This group also include the boobies and the cormorants, which 
don’t have the ability to dynamically soar. Looking at the phylogeny of Suliformes, the 
frigatebird is an outgroup, meaning that the species came first[11]. This group has large 
pectoral muscles[12] allowing them to generate more force and fly for longer periods of 
time. Although they can all fly for long periods of time, the frigatebird is the only 
member of the Suliformes that is able to dynamically fly. 
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Frigatebirds have the largest wingspan to weight ratio[13] compared to all the other bird 
species. This is one synapomorphy, or a trait commonly shared between the 5 different 
frigatebird species. This adaptation explains why the frigatebird is so successful at flying 
long distances without expending any energy. There might be a reason why frigate birds 
have such a large wingspan to weight ratio. Frigatebirds lack waterproof feathers so they 
cannot dive for food[14]. The frigatebird is also unable to walk on land[15]. Because of 
these inabilities, the only way a frigatebird can obtain food is by either harassing other 
birds and stealing it from them or catch fish that are jumping out of the water[16]. Due 
to this phenomenon, frigatebirds already have a low intake of energy[17]; thus, they 
cannot spend as much energy flying, which is one of the few things they know how to do. 
This can be the driving factor as to why frigatebirds evolved the behavior of dynamic 
soaring. It is relatively their only way to get around without wasting the little energy it 
already has. 

Suliformes aren’t the only group that exhibits the behavior of dynamic soaring. 
Albatrosses and petrels, which are other types of seabirds, also use dynamic soaring to 
fly long distances. If these birds are holding their wings out for such a long time, why 
don’t they get sore? Or should I say, soar? A study conducted in 1982 determined that 
albatrosses and petrels have an adaptation that allows them to lock their wings in place, 
not using as much energy[19]. It’s not surprising that they both have the same 
adaptation. Both petrels and albatrosses belong in a group pf birds 
called Procellariiformes[20]. This shared morphology between albatrosses and the 
petrels suggest that both birds are evolutionarily related. Frigatebirds also share this 
morphology, yet they are not members of the same clade[21], or phylogenetic group. 
This seems to suggest that this trait that allows birds to dynamically soar evolved 
independently at least twice. One evolution occurred in the monophyletic group of 
albatrosses and petrels. The other event of evolution occurred in the monophyletic 
group of all 5 of the frigatebird species. 

Having evidence that these traits evolved independently shows the important role that 
dynamic soaring plays in the life of seabirds. Traits that evolve independently usually 
play a very important role in survival. An example of a trait that evolved independently 
are eyes. The eyes of mammals and of insects are different and evolved at different 
times, yet they play an important role for survival. All these seabirds use dynamic 
soaring because they are seabirds. They live in the ocean, where land masses are far 
away. Seabirds need this behavior to survive. Natural selection may have selected 
against birds within these species who are unable to dynamically soar. For instance, if 
an albatross was born without this wing-locking mechanism, he will not be able to 
dynamically soar. Since he cannot do this, his fitness, or, his ability to survive and 
reproduce, is low. Albatrosses need dynamic soaring to migrate[22]. An albatross not 
able to migrate might die because of environmental conditions. For example, a powerful 
cyclone might go to its home and the albatross remains stranded. The albatross might 
not also be able to mate. In seabirds, there exists multiple breeding colonies where a lot 
of birds go to find a mate[23]. These breeding colonies are evenly distributed along 
different islands and coastal environments. These breeding colonies are like parties for 
society’s youth. If an albatross is unable to fly to the breeding colony, it does not mate. 
Since it doesn’t get to mate, its deformed wing morphology is not passed down to other 
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generations. This is the beauty of nature. Natural selection functions like a spell-
checking software which automatically corrects misspelled words. It is nature’s way of 
keeping itself in check. 

Flight has always been very liberating. Watching these birds soar through the sky gives 
you a feeling of freedom. A feeling that you can just fly away from all that is causing 
problems in your life. The freedom to soar to any destination in the world without 
worries. Like the albatross, who can majestically circumnavigate the world in just 46 
days[24], effortlessly and without flapping its wings. Like a jet, tearing through the 
rough, stormy winds of the ever-so-vast ocean. Watching them from the top deck of this 
yacht makes me realize that the beauty of nature never ceases to amaze me. 
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Invasive Species in Galapagos Expert 
The Gentle Giants of the Galapagos: The Environment’s Effects on 
Morphology 

The last rays of sunlight blanket the island of Santa Cruz, glinting off the domed backs of 
several majestic—yet notoriously slow—Galapagos Tortoises. Their shells seem to 
absorb the colors of the setting sun, reflecting the beautiful violets, magentas, and blues 
streaked across the sky. 

The Galapagos Tortoises move through the low shrubbery in what looks like slow 
motion, every step as painstakingly slow as the last. They all seem to be congregating 
around one of the trees, waiting for the perfect moment to pounce—or in their case just 
move at a relatively unhurried pace. 

 

Illustration by Miranda Martinez 
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If slow and steady wins the race, then they must be champions. What they lack in speed 
they make up in precision as they hone in on their defenseless targets: juicy, ripe guavas. 
Even though these Galapagos tortoises cannot reach their delicious snacks due to the 
shape of their shells and relatively short necks, they do not have to travel very far to find 
what they are looking for. 

The soft thud of a newly-fallen fruit piques the curiosity of the slow giants. One by one 
they make their way to the tree, ready to reap the benefits of good old gravity. Being low 
to the ground has its rewards as one of the tortoises claims its prize by taking a juicy bite 
out of the guava.  

When thinking about the diverse life on the Galapagos Islands, one of the most iconic 
images that most commonly arises is of the Galapagos Tortoise. A large circular shell, 
scaly dark gray skin, and overall slow behavior are a few of the key characteristics of 
these interesting animals. 

Also known as Geochelone nigra, the Galapagos Tortoise is arguably one of the most 
fascinating inhabitants of the islands. Although these creatures are usually referred to as 
one species, there is at least one subspecies located on each of the islands with five 
residing on Isabela Island. “Out of the 15 subspecies that have been documented, four of 
them have reached extinction”, leading to more “extensive conservation efforts” that 
attempt to protect the remaining few[1][2]. 

Compared to tortoises on other continents, the Galapagos Tortoise is known for being by 
far the largest overall. Some are even large enough to carry people on their backs which 
Darwin personally discovered during one of his expeditions to the islands.    

Although the size differences between the various species of tortoises are important, the 
characteristics of the Galapagos Tortoises show how the environment can affect 
evolutionary changes. Most of the Galapagos Tortoises have similar overall body 
structure, but the key differences are between the shell shapes and neck lengths. There 
are “two prominent forms of tortoise shells throughout the Galapagos Islands: domed 
and saddle backed”[3].The domed shells have a slight curve near the nape of the 
tortoise, hindering the upward movement of its neck. The saddle back shells have a 
more extreme curve, allowing for easier extension of the neck. Each form in its own way 
shows how the environment has contributed to its overall shape. Those with domed 
shells have shorter necks while those with saddle backed shells have longer necks. These 
allow for the Galapagos Tortoises to reach certain vegetation on the islands. 

On several of the islands throughout the Galapagos, the domed-shell Galapagos 
Tortoises are right at home. Subspecies such as C. chathamensis thrive in that 
environment because of their morphology. Due to the lack of water in these areas, tall 
vegetation can scarcely grow there, allowing for an abundance of low-lying vegetation. 
These conditions are ideal for the tortoises since all their sustenance can be found close 
to the ground, which is easier for them to reach due to their “short neck lengths and low 
curvature of their shells” [3]. If these Galapagos Tortoises were transported to an island 
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with only tall plants, they would struggle to survive unless they could find trees with ripe 
fruit—such as the guava tree—that they could sustain themselves with. 

Located on a few of the islands are the Galapagos Tortoises with the saddle backed shell 
shape. They were named this because of how the front of the shell “curves upward at a 
sharp angle”, resembling a saddle for a horse[4]. Perhaps this is why so many people 
rode on the backs of these slow animals. A few subspecies—such as Geochelone 
elephantopus—exhibit these qualities. Since the islands they reside on have a bit more 
rainfall, the area can support larger vegetation. The curvature of the saddle backed 
tortoises and their long necks make it ideal for them to reach the higher branches, 
allowing for easier access to their food. 

Although it may seem like the connection between the morphology of the Galapagos 
Tortoises and the environment they inhabit is coincidental, it demonstrates how 
environmental conditions influence natural selection. Consider this: a small island 
containing tall and short vegetation is home to tortoises with both domed and saddle 
backed shells. Since both types can easily get the resources they need, both can thrive. If 
one day a drought occurred that wiped out all the tall vegetation, being a domed tortoise 
with a short neck length would be advantageous since they are still able to feed off the 
small plants. Overtime, the allele for the domed shape would be selected for, potentially 
leading to this morphology in the entire population.   

However, if some incidence caused the short vegetation on the island to be depleted, 
allowing the saddle backed shell to be more advantageous. In either scenario, the 
adaptation that is most advantageous depends on the environment they are living in.   

Although there are other examples of this type of natural selection throughout the 
islands, the Galapagos Tortoise is a fan favorite. The fact that they “do not have a natural 
predator” means that predation is not limiting the shell shape [3]. Rather than being 
affected by the danger of predators, the resources are the key reason for the struggle to 
survive. It may seem like shell shape may not be closely tied to predation risk if the 
tortoises did have any predators on the islands, but a domed shell would make it easier 
to hide from predators in brush while the saddle backed shell would make it more 
difficult to find shelter. But due to the lack of predators on the islands, this risk is 
virtually nonexistent.    

As seen in the example, having a different morphology than the one deemed 
advantageous within that particular environment can lead to the animal’s demise. 
Although the environment can cause a shift in which certain morphologies are more 
advantageous, it is not set in stone; it can easily change over time and favor the opposite 
morphology. 

The Galapagos Tortoises continue munching away at the guavas, mouths comedically 
covered in the orange innards of the sticky fruit. Another guava drops to the ground, and 
at a little less than the speed of light, one of the tortoises makes its way to the fallen 
fruit. It awkwardly snaps at the guava, trying to bite into it to no avail. But luckily it 
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won’t give up that easily. The tortoise follows the guava as it rolls farther away with each 
failed attempt. Finally, it grabs the stubborn fruit and squishes it with its powerful jaws. 

The poor guava never had a chance. After a few more bites, the tortoise also ends up 
sporting the comedically orange fruit-beard. Whether it doesn’t mind the mess or 
doesn’t notice it no one may ever know, but the Galapagos Tortoise happily continues to 
search for another fruit to devour. 

Finishing their feast of mouth-watering guava, the Galapagos Tortoises meander over to 
a small pond for a refreshing sip of water. Will the environment ever change drastically 
enough that the tortoises’ domed shells and short necks will hinder their survival? Only 
time will tell, and in the meantime, they live on without a care in the world. Their own 
little bubble of paradise on these enchanted islands will continue to supply them with 
tasty and messy fruits for the near future.   

Perhaps the Galapagos Tortoises may think about their next guava adventure, but 
natural selection waits for no one. Whether it be a hundred or a thousand years into the 
future, the environment may change in ways that allow different adaptations to be more 
advantageous than others. Natural selection will always be there to play a key role in the 
evolutionary changes of species on the Galapagos Islands.    

[1] Caccone, A. (2002). Phylogeography and History of Giant Galápagos Tortoises. 
Society for the Study of Evolution 56, 2052-2066. 
[2] Chiari,Y et al. (2009) Morphometrics Parallel Genetics in a Newly Discovered and 
Endangered Taxon of Gala´pagos Tortoise. Journal of Morphology 7, 6272. 
[3] Chiari, Y & Claude, J. (2011) Study of the carapace shape and growth in two 
Galápagos tortoise lineages. Journal of Morphology 272, 379-386. 
[4] Schafer, S & Krekorian, C. (1983). Agonistic Behavior of the Galapagos Tortoise, 
Geochelone elephantopus, with Emphasis on Its Relationship to Saddle-Backed Shell 
Shape. Herpetologica 39, 448-456. 
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Penguins on the Equator? 

 

Galapagos Penguin.  Illustration by Jasmin Strong. 
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Usually when you hear the word penguin you think of these flightless, sleek, black and 
white birds in the cold tundra of Antarctica. However, penguins don’t only reside in the 
uninhabited continent which hosts the South Pole; they can also be found all across the 
southern hemisphere in South Africa, New Zealand and South America. Believe it or not, 
penguins can even be found across the infamous archipelago, the Galapagos Islands. 
The Galapagos penguins (Sphenciscus mendiculus) have found a home among the blue-
footed boobies and the infamous finches. But for how long? Despite their many 
adaptations to survive in the harsh climate, they aren’t thriving. Even though their 
population numbers are slowly increasing, they still have an alarmingly low population 
number and are listed as an endangered species. So, what exactly is causing the 
population decline seen in these Galapagos Penguins?   

The Galapagos penguins are marvelous creatures. During my time in the Galapagos we 
saw them on the coast of Isla Isabela and while snorkeling off the coast of Isabela. 
Although seeing them relaxing on the lava rocks was exciting, you would be really lucky 
if you spotted the penguins in the water. Diving for their next meal, the creatures had 
looked like a black and white flash. Sometimes they were so quick it would take you a 
second to register what you had just saw. The tiny creatures are the third smallest 
penguin in the entire world and are smaller than their other temperate counterparts. 
Their average body height is only a mere 53 centimeters. That’s only three inches taller 
than an average newborn baby. The Galapagos penguins reside closer to the equator 
than any other penguins and are found on the younger, western islands of the 
Galapagos, most notably Fernandina and Isabela [1].  As an extremely social species, the 
Galapagos penguins are usually seen with at least one other companion. Dr. Robert 
Rothman, a professor at Rochester Institute of Technology, once saw about 200 
penguins together at Elizabeth Bay on Isabela [2]. Two hundred penguins may not seem 
like a large amount when comparing it to the colonies of penguins that can be seen in 
Antarctica, especially when studies exist that estimate population sizes of Emperor 
penguins as high as 27,114 members[3], but 200 is a large population in relation to the 
Galapagos penguins. This shows how the number of penguins in the Galapagos is 
significantly smaller than in other areas containing penguins. Although during my time 
in the Galapagos I wasn’t fortunate enough to see 200 penguins, I never did see any 
penguin alone. However, even these populations of 200 penguins may not last long. 
Sadly, the Galapagos penguin has recently found iteslf on the list of endangered species, 
with an estimated population of less than 2,000 members found across the 
archipelago[4]. Although they have made the Galapagos their home, it is possible that 
many aspects of the Galapagos islands’ difficult environment contribute to this growing 
issue. 

Life in the Galapagos is not easy. Species across the archipelago have adapted to survive 
in the ever changing environment. The rough volcanic terrain, lack of fresh water, 
intense sun and heat, are the major problems that species need to account for in order to 
survive. Not to mention how resource availability is extremely unpredictable in the 
Galapagos, as well. The El Niño events also greatly impact the species in the Galapagos. 
El Niño ruins the cold currents by bringing in warm currents and drastically reducing 
the upwell of the cool Equatorial current affecting the productivity in the Galapagos.[5] 
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In many cases, El Niño has proven to dramatically drop population numbers of many 
Galapagos species. 

The first time I caught sight of the creatures I couldn’t help but wonder what made an 
animal that is commonly found in cold environments capable of surviving in the 
sweltering heat of the Galapagos. The penguins supposedly followed the Humboldt 
current from Antarctica to Galápagos. This current is a characteristic of the Galapagos 
that leads to its productivity and unique wildlife, as well an aspect that allows the 
penguins to reside in the islands. The cooler temperature of the water due to the current 
enables the penguins to beat the heat. This current also accounts for the fur seals in the 
Galapagos.[6] It is the reason why typically cold-climate animals can still find a place 
among the tropics of South America. 

The temperature and intensity of the sun is a factor of the Galapagos that the penguins 
must adapt to, as well. Being in the equator, the sun is more intense than anywhere else 
on earth. This is a part life that Antarctic penguins and even some of the other 
temperature penguins don’t have to deal with. Many of the adaptations to deal with 
these aspects of the Galapagos are behavioral. Therefore, behavior is another source of 
differences between the Galapagos penguins and the Magellanic and Humboldt 
penguins, their temperate counterparts. The penguins will dive and forage during the 
day when the heat and sun is the most intense [7]. All their dives are also close to the 
surface and shore, so they have time to take a short break on the shore, allowing them to 
dive more frequently. 

Another one of their unique common behaviors has to do with their feet. The Galapagos 
penguins will stand with a hunched posture in order to shade their feet from the sun. 
Additionally, the penguins will often stand with their flippers out, in a similar way the 
flightless cormorants spread their wings so their wings will dry, in order to help them 
lose heat faster [5]. Just like huddling together to keep warm is important to penguins in 
Antarctica, finding effective ways to remain cool is imperative to the Galapagos 
penguins. 

The Galapagos penguins also have many physical adaptations. The first and most 
notable adaptation is their general size. As mentioned earlier the Galapagos penguin is 
very small as penguins go at only 53 centimeters tall. As one of the smallest penguins in 
the world, the Galapagos penguins have figured out how to deal with the 
unpredictability of the productivity in the Galapagos. Body size is thought to be 
important information when determining resource use patterns [8]. In other words, the 
smaller they are the less resources they need and the more likely they are to survive the 
dry periods when production is incredibly low. 

This unpredictability also influences the breeding habits of Galapagos penguins. Where 
most penguins have one particular breeding season, the Galapagos penguins will breed 
two to three times a year. Reproduction and the growth and molting of the new 
penguins are two of the most energy-intensive activities the Galapagos penguins do. 
Thus, breeding will usually occur in when the conditions are favorable, like when the 
surface temperature is the coolest and productivity is at its peak [9]. The fact that there 
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isn’t a uniform breeding season also leads penguins to be monogamous so they can 
breed right when conditions are favorable [10]. 

 As previously mentioned the number of Galapagos penguins are dwindling. And with 
small populations comes lack of genetic diversity. The observed heterozygosity, a 
measurement conducted to see how diverse a population is, is only at 3%. This is 
incredibly low not only in comparison to the other temperate penguins, such as the 
Magellanic penguin, but also just in general [1].  Its population size is also much smaller 
and less stable than that of the Magellanic penguins. The Magellanic penguins, also 
known as the Patagonia penguins, are found on the eastern and western coasts of 
southern South America, specifically heavy in Argentina, meaning that the effects of El 
Niño and other Galapagos hardships aren’t felt by them. The differences seen between 
the population sizes, genetic diversity, and behavior can aid in understanding to what 
extent living in the Galapagos affects the Galapagos penguins and separates them from 
not only penguins around the world but also temperate penguins. 

The low population sizes can be attributed to the El Niño events that greatly impact the 
Galapagos islands.  F. Herńan Varags from the University of Oxford explains that 
“historic El Niño episodes are likely to have shaped specific breeding and survival 
strategies in this species” [11]. However, past El Niño events have dramatically affected 
the population size of the penguins despite all their adaptations. Boersma, a 
conservation biologist at the University of Washington, says that the current population 
of Galapagos penguins is only 25% of what it was in the 1970s and that much of this 
steep decline is due to two separate El Niño events, one in 1982-1983 and the other in 
1997-1998[12]. Also female penguins are more likely to die, reinforcing low population 
sizes due to lack of reproduction. As previously mentioned the Galapagos penguins 
won’t reproduce under bad conditions, so there will be seasons where they don’t 
reproduce at all [9]. Widespread death and lack of reproducing only goes to further limit 
the genetic diversity of the penguins. 

It is predicted that El Niño events are becoming more severe and intense, due to climate 
warming [11]. The 2015 El Niño is commonly referred to as the “super” El Niño and 
thought of as the worst one to date, only powering hypotheses that climate change is 
negatively affecting El Niño and in turn the Galapagos wildlife. Even, worse news, it’s 
estimated that there is a 30% chance of the extinction of the Galapagos penguins in the 
next 100 years and that’s if the El Niño events don’t get worse. If we don’t do something 
to address our global warming, we could lose a lot of the unique biodiversity on this 
planet. Humans directly affect the Galapagos penguin population by over-fishing and 
thereby taking away the sardines and mullets, major food sources for the penguins [10]. 
It’s necessary that we realize how deeply human influence affects the environment and 
the rare species of the world. It’s pretty easy to see what is happening to these penguins, 
and it is important that we take action in order to help ensure that penguins stay in the 
Galapagos. 
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