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Introduction. 

By virtue of the large expanses of ocean separating islands from the mainland, the 

organisms colonizing distant oceanic islands are typically skilled dispersers; however, once on 

an island there seems to be a strong selection pressure against flight capability. The frequent 

occurrence of increased flightlessness 

among island insect and bird species is 

an interesting paradox in the field of 

biogeography (Whittaker 1998: 70). 

Brachyptery (flightlessness) has been 

studied extensively in bird species 

throughout the world, including the 

Flightless Cormorant in Galapagos 

(Livezey 1992: 155). In contrast, many insect species of the Galapagos Archipelago have only 

recently been identified and to date there have been no studies focused on the evolution of 

flightlessness among these species (Peck 2001: 74).  

In Charles Darwin’s The Voyage of the Beagle, he writes, “I took great pains in collecting 

the insects [of the Galapagos Islands], but... I never saw in this respect so poor a country” 

(Darwin 1845: 339). With almost 2000 species present in the Islands, insects – even if less 

prominent and flashy than those on the mainland – make up a significant portion of the animal 

biodiversity in Galapagos (Peck 2006: 9). Since Darwin, however, there have until recently been 

few successful attempts to record the insect diversity in Galapagos (Peck 2006: 2). Richard Peck 

(2001) reported surprisingly high brachyptery rates among certain orders of insects in “Las 

Figure 1. A species of flightless cricket is well camouflaged 
for the lava fields of Fernandina Island. 
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Encantadas,” as the Islands are known. For instance, 74% of all endemic Orthoptera are 

flightless, as are 23 genera of Coleoptera in Galapagos (Peck 2001: 125, Peck 2005: 51).  

These findings prompt two related questions: what 

factors led to flightlessness in Galapagos insects, and why is 

flightlessness so prevalent among island insect species? Several 

hypotheses exist in response to these questions, and I will 

discuss in detail three potential answers to the first question and 

one for the second, providing the evidence (or lack thereof) for 

each in turn.  

 

Darwin’s Wind Hypothesis. 

 The first hypothesis regarding the evolution of island 

insect flightlessness was proposed by Darwin in his 1876 edition 

of On the Origin of Species. Darwin writes, “For during many successive generations each 

individual beetle which flew least, either from its wings having been ever so little less perfectly 

developed or from indolent habit, will have had the best chance of surviving from not being 

blown out to sea…” (Darwin 1876: 109). He hypothesized that individuals with the best 

dispersal abilities are more liable to be lost from the gene pool by getting blown off the island or 

flying out to sea, thereby selecting for less dispersive forms among the island population. This 

would seem to be an excellent example of directional selection, but Darwin never produced any 

quantifiable data on insect brachyptery to confirm his hypothesis.  

 In 1937, L’Heritier et al. decided to test this hypothesis by placing winged and flightless 

Drosophila in an open dish at their research station and analyzing which were still present in the 

Figure 2. Galapagos insect fauna 
may not be as flashy as their 
mainland counterparts, but they are 
interesting for the study of island 
flightlessness. 
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dish after several hours. As one would expect, at the end of the allotted time period, the only 

Drosophila remaining in the dish were the flightless species. This led L’Heritier to conclude that 

Darwin’s hypothesis was entirely correct (L’Heritier et al. 1937, cited Roff 1990: 399). As is 

hopefully obvious, however, L’Heritier’s study does not even begin to address the question of 

island insect flightlessness.  

 The primary problem with L’Heritier’s study is one that afflicts Darwin’s entire 

hypothesis: scale. As the area to perimeter ratio increases, the probability that an insect will fly 

off the island diminishes quickly. It is hard to entirely disprove Darwin’s wind hypothesis with 

case studies, but an analysis of the underlying assumption upon which it rests strongly suggests 

that Darwin’s hypothesis does not effectively explain 

flightlessness on islands. Roff did a pair-matched study 

of the percentage of flightless species in island and 

mainland areas, controlling for altitude, latitude and 

habitat. His results, as illustrated by Figure 3, showed 

that there was no significant increase in the incidence 

of brachyptery on islands (Roff 1990: 405). This data 

convincingly refutes any hypothesis that attempts to 

explain elevated flightlessness levels in Galapagos by 

some unique property of islands.  

 

Habitat Persistence Theory. 

Peter Grant described Darwin’s wind hypothesis as “an extreme variation on the general 

theme of the adaptiveness of staying put in a restricted and stable habitat” (Grant 1998: 3), which 

Figure 3. In a paired study of mainland and 
island areas controlling for altitude, latitude, 
and habitat type, there was no significant 
difference in the incidence of flightlessness 
(Roff 1990: 405). 
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Wing Morph and Habitat Type: 
A Case for the Habitat Persistence Theory 

was not exactly what Darwin implied, but which may have some relevance to an analysis of 

flightlessness. More generally, migratory movement and dispersal capabilities are advantageous 

because they allow a species to adapt to changes in habitat type and location over time (Dingle 

1991: 153). Based on this information, the second hypothesis for the increased incidence of 

insect flightlessness in Galapagos revolves around the possibility that certain habitat types may 

be more or less conducive to the loss of flight capability. One unifying theme in correlational 

studies between habitat type and brachyptery is habitat persistence (Roff 1990: 390).  

If a species’ habitat is highly successional and in a constant state of change, then there is 

a premium placed on maintaining the ability to disperse to a more suitable habitat (Dingle 1991: 

153). Using the Orthoptera of North America, Roff (1990: 393) found a correlation between 

wing morph (flight-capable or flight-incapable) and habitat (see Figure 4). Winged species are 

significantly (p<.01) more prevalent in transitional or highly successional habitats while 

flightless species dominate stable habitats.  

Some Galapagos habitats 

can be characterized as stable, yet 

many Galapagos habitats have 

been relatively unstable on an 

evolutionary time scale (Peck 

2001: 73). Roff (1994: 643) 

indicates that once evolved, 

brachyptery can rapidly spread 

throughout an insect population, 

potentially reducing the habitat 

Figure 4. Relative numbers of species of winged, dimorphic, and 
flightless Orthoptera in different habitat types. The left panels 
depict data from a study of eastern North America, and the right 
panels depict data from a study of Alaska and Canada. Habitat 
types 1-4 are characterized as “unstable” (eg – pastures, arboreal, 
borders of streams), while habitat types 5-10 are characterized as 
stable (eg – caves, tundra, and late-succession woodlands). Taken 
from Roff 1990 (393). 
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patch persistence time necessary to allow for the initial development of flightlessness and 

keeping Galapagos as a suitable environment for the evolution of brachyptery.  

 

Unique Climatic Conditions. 

 Even if it cannot be convincingly demonstrated that 

varying rates of succession drove the evolution of 

flightlessness in Galapagos, habitat type may still play a role 

in the process. An increased incidence of flightlessness can 

often be found in semi-arid climates, which Stewart Peck 

calls “the best single characterization of Galapagos 

environments” (Peck 2006: 51). Receiving on average less 

than one meter of rain a year (Grant and Boag 1980: 232), the 

Galapagos Archipelago presents colonizing species with a 

harsh climate to inhabit. 

 In arid climates, the absence of large wing muscles in 

flightless insect morphs may contribute to improved water conservation capabilities (Chown et 

al. 1997: 1124). Among African scarab beetles, Chown found that flightless species had a more 

rounded body type than their flight-capable counterparts, which tended to be more cylindrical. 

The reduction in the surface area to volume ratio achieved by a more spherical body should 

allow flightless insects to lose less water than cylindrical, winged species of the same volume. 

This suggests that, at least among African scarab beetles, flightlessness may simply be a 

morphological correlate of improved water conservation capabilities, and that the loss of wing 

function and resulting fusion of the elytra were selected for by arid climatic conditions favoring 

Figure 5. The semi- arid climate in 
Galapagos may contribute to an 
increased incidence of brachyptery in 
the Archipelago. 
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those individuals which could best conserve water (Chown et al. 1997: 1129). Although no study 

has yet been performed on body shape and flight capability in Galapagos insects, it is possible 

that the loss of wing function was driven by a selection pressure favoring improved water 

conservation, particularly in beetles.  

 

Mechanisms Leading to Flightlessness. 

 Having considered the conditions which might have allowed for brachyptery to occur and 

one potential selective force favoring the evolution of flightless individuals, I now turn to an 

analysis of other mechanisms that might lead to a loss of flight capability. Flight muscles are 

incredibly costly for insects to operate and 

maintain (Zera and Denno 1997: 208). The 

growth and support of flight muscles, as well as 

the accumulation, synthesis and storage of flight 

fuels, uses large amounts of lipids, 

carbohydrates, and triglycerides (Zera et al. 

1994: 151). Amino acids could also be derived 

from flight muscle protein and either transferred into developing eggs or oxidized for energy. In 

a study of eight enzymes, the specific activity of each enzyme was significantly lower in flight-

incapable morphs as compared with flight-capable morphs (Zera et al. 1999: 283). 

Flightlessness, then, may be a result of resource limitations favoring underdeveloped flight 

muscles whose enzyme activity and lipid usage are substantially lowered.  

 Flight capability also trades off significantly with reproductive success (Zera and Denno 

1997: 207). If habitat persistence or semi-arid climates reduce the selection pressures favoring 

Figure 6. This insect is no longer capable of flight (it 
once was but is now dead), because it has been 
parasitized by a species of Cordyceps fungus.  
Photo credit: Elizabeth Doyle 
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dispersal, this may result in a reallocation of flight resources to reproduction. Roff (1990) 

demonstrated that there is “a positive correlation between the degree of wing muscle histolysis 

and egg production” (390), implying a resource allocation trade-off between flight and 

reproduction. In studies of dimorphic Gryllus species, the accumulation of large quantities of 

lipid flight fuel in the flight-capable morph reduces ovary size and egg production (Zera et al. 

1997: 521, 525). Figure 3 

illustrates this trade-off. 

Importantly, Zera was also 

able to implicate a mechanism 

leading toward flightlessness 

by examining the two distinct 

muscle types in the cricket 

Gryllus firmus. He 

documented a substantially 

higher respiration rate and 

greater in vitro enzyme 

activities for the fully-

developed pink muscles of the 

flight-capable morph as compared 

to the underdeveloped white 

muscles of the flightless morph 

(Zera et al. 1997: 526). This 

heightened respiration rate likely 

Figure 7. Graphs depicting the variation in flight muscle mass and 
reproductive success indicators as a function of adult age using 
Gryllus firmus. LW and SW refer to long and short wings, 
respectively, as indicators of flight capability. PK and WT refer to 
pink (fully-developed) and white (underdeveloped) muscles, 
respectively. In the left panel, A is females and B is males. The data 
show a significant trade-off between resource allocation to flight 
muscles and reproductive success as measured by the ovary mass and 
the number of eggs. From Zera et al. 1997 (521, 525). 

Physiological Evidence for the Trade-Off Between Flight and 
Reproductive Success 
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increases the flight-capable organism’s overall respiration rate, diverting nutrients away from 

egg production.  

 Zera’s studies of flight muscle variation suggest that a substantial fitness gain can result 

from the loss of flight capability under certain circumstances. Since dispersal ability was less 

important after arrival in the Galapagos Archipelago, individuals in each generation could gain a 

better fitness by allocating limited lipid and carbohydrate resources away from flight and toward 

enhanced egg production. The semi-arid climate and habitat patch persistence found in 

Galapagos could have provided the conditions necessary for the resource allocation balance to 

tip in favor of enhanced reproductive success and away from flight for Galapagos insects.  

 

Greater Speciation in Flightless Insects. 

 Once flightlessness had begun to evolve in 

Galapagos insects, several factors may have 

combined to accelerate the rate at which flightless 

insects speciated on the islands. Peck (2001: 71) 

estimates that there were 1357 ancestral colonizations 

by insects in Galapagos, which could have arrived by 

wind transport, flight, rafting, floating, swimming, 

phoresy, ectoparasitism, or endoparasitism. After 

arrival, it appears that the flightless insects speciated 

more rapidly than flight-capable ones, with 

implications for the question of why flightlessness is 

so prevalent in these Islands. Galapagos beetles have, 

Figure 8. Insect colonization of the Galapagos 
Islands is a difficult task. The seeming paradox 
of island flightlessness is that those insects who 
first reach an island are typically the best 
dispersers, but evolution then favors the loss of 
dispersal capabilities and the development of 
brachyptery. 



Rempel  10 

in general, exhibited relatively little speciation, with a mean of 1.35 species per colonizing 

ancestor among the native beetles (Peck 2006: 48). The speciation rate is even lower when 

averaged across the entire endemic 

insect fauna of the archipelago, at 

1.15 species per colonizing ancestor 

(Peck 2001: 69). The speciation rate 

is significantly higher for flightless 

species. Of the nine beetle genera 

which colonized in a flightless 

condition, the rate is 3.0 species per 

colonization event. The 14 genera 

which have become flightless after arrival in the Islands produced an even higher average of 3.6 

species per colonization event (Peck 2005: 52).  

These differential speciation rates may be explained by circumstances favoring the 

creation of founder populations among flightless insects. Since wingless species have reduced 

dispersal abilities, the establishment of isolated peripheral demes may be a more frequent 

occurrence among flightless species than winged ones. Gene flow from the parent deme to the 

isolated deme would also be lowered as a result of the species’ reduced migratory capabilities, 

likely making peripatric speciation more feasible (Mayr 1998: 179).  

 

Conclusions. 

 Elevated insect flightlessness rates in Galapagos are likely a result of habitat patch 

persistence and the Islands’ semi-arid climatic conditions. These factors provide the ideal 

Figure 9. Flight-capable insects, such as this Galapagos Carpenter 
Bee (Xylocopa darwinii), have not speciated nearly as much as their 
brachypterous counterparts. 
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location for the trade-off between flight and improved water conservation or reproductive 

success to favor the latter two evolutionary options. It is highly unlikely that the Galapagos have 

higher flightlessness rates by virtue of some intrinsic quality common to islands – such as would 

be the case with Darwin’s wind hypothesis – since there do not appear to be greater incidences of 

flight-incapability on islands when matched with mainland areas.  

The Galapagos have long been 

perceived as a location ideally suited for 

the study of evolution (Losos and 

Ricklefs 2009: 830); however, few 

studies have fully realized the potential 

of Galapagos insect populations for this 

purpose. To date, most recent studies of 

insect flightlessness have been 

generalizations about the world’s overall insect biota (eg - Roff 1990, 1994) or laboratory 

examples of the mechanisms behind the loss of wing function in dimorphic species (eg – Zera 

and Denno 1997). Future research should more quantitatively address the possible conditions and 

selective pressures which would favor the loss of flight capability in the wild.  

Contrary to popular belief, the Galapagos actually exhibit only a few examples of 

adaptive radiation, albeit very strong examples (Grant 2009: 138). Brachypterous Galapagos 

insects may represent a potential study source for researchers interested in studying the loss of 

function and ensuing speciation events in flightless insects, which Finston and Peck (2004: 135) 

have indicated may occasionally appear in species swarms in Galapagos. Ernst Mayr (1998) 

writes that “the importance of peripatric speciation lies in the fact that the founder population is 

Figure 10. The flight-capable Painted Locust, Schistocerca 
melanocera, is one of the more recognizable insect species in 
Galapagos and also its largest, reaching up to 8 cm in length 
(Horwell 2007). Photo credit: Jessica Pih 
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small and genetically impoverished” (179), which has implications both for factors leading to the 

evolution of flightlessness in colonizing Galapagos insect lines and for the increased speciation 

rate among those secondarily flightless insects. Future research should examine the mechanisms 

leading to the over two-fold increase in speciation rates among flight-incapable beetle species in 

Galapagos. 

Although Darwin was at first hesitant about the less-flashy insects of Galapagos, their 

very elusiveness makes them prime subjects for studies on the loss of function, one of the very 

evolutionary conundrums with which Darwin was intrigued. Much remains to be learned about 

insect brachyptery, and the Galapagos may be a useful location for studying the interesting 

phenomena of insect flightlessness. 
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