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Animal Migration

Monarch butterflies are an iconic 
example of spectacular migration. Each 
year the North American populations 
of this charismatic orange and black 
butterfly travel thousands of kilometres 
to their overwintering site in the high-
altitude forests of central Mexico. Many 
bird species make similar and even 
more extensive journeys to areas with 
enough winter resources, returning to 
their breeding sites during the summer 
months.

Migration can include regular to-and-
fro movements as well as one-way 
journeys. Journeys to-and-fro may take 
place along a single route, or may take 
place along different paths, forming 
a loop. Some species always migrate, 
while other species may only migrate 
when resources are low. For certain 
species all individuals migrate, while for 
others, only a portion of the population 
migrates. 

Migration has captured the minds of 
scientists, wildlife enthusiasts, and 
laypeople alike. How do animals 
know where they are going? How do 
they survive extreme conditions they 

encounter along their journey? How 
does migration affect a population over 
multiple generations? 

Migration exposes individuals to 
different environments, resources, 
hazards, and predators. It is a 
fundamental aspect of migrating 
species ecology; therefore, 
understanding migration is critically 
important to conserving vulnerable 
migratory species. 

Studying migration can be challenging. 
Many techniques that track the 
movements of animals have been 
tested over the years, with varying 
success. Until recent advancements, 
tracking usually involved applying 
markers to individuals, in the hope of 
relocating those individuals elsewhere, 
including the use of GPS technology. 
Developments in molecular tools have 
provided novel methods for identifying 
geographic movements of individuals.

Dr Keith A. Hobson, from Environment 
and Climate Change Canada and the 
University of Western Ontario, together 
with several colleagues have devoted 
years to developing and refining these 
molecular tools to study migration. They 

have applied their techniques to a range 
of species, including insects and birds, 
and have revealed fascinating insights 
into the lives of these species.

Dr Hobson’s advanced technique is 
possible because the elements that 
make up living creatures, including 
carbon, hydrogen, oxygen, nitrogen 
and sulfur, can exist in more than one 
form. Different forms of a given element 
– called ‘isotopes’ – share the same 
chemical properties, but tiny differences 
in their atomic masses can be measured 
using specialist equipment and 
methods. The ratios of different isotopes 
within the tissues of animals, such as 
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feathers, claws and insect wings, can provide clues about the 
origin of the food they have consumed. 

This technique can also be used by scientists to identify 
pollutants in the environments encountered along the routes of 
migrating species – an important additional consideration for 
conservation efforts.

European-African Bird Migration

The isotope ratio present in the tissues of migratory species 
is generally closely linked to the diet consumed in the 
geographical area where the tissue was formed. This provides 
a record of the areas visited by migratory species. ‘Since birds 
typically have clearly defined feather moult schedules that can 
be related to time of year or geographic region, the isotope 
approach to tracking avian origins has predominated the field 
to date,’ says Dr Hobson.

Dr Hobson and his team applied the isotope technique to birds 
that breed in Europe and use wintering areas in Africa. Before 
the isotope technique was developed, investigating these 
migratory systems was limited to studies using GPS tracking 
devices and ring returns. The team constructed advanced 
models of bird food webs, using geographical distributions of 
isotopes in the landscape. They then analysed the feathers of 
birds returning to breed in Europe from their African wintering 
grounds. Because many of these bird species moult and 
regrow flight feathers in Africa before returning to Europe, the 
researchers could determine approximate winter locations 

and identify populations that differed in their winter regions or 
habitats.

The geographic clusters of carbon, nitrogen and hydrogen 
isotopes determined by Dr Hobson and his team could also 
be used to investigate other migratory species that use Africa 
for part of the year. ‘This approach represents a clear advance 
over previous studies that attempted to gain insight into winter 
location or habitat use by Palearctic-African migrants, but 
which were based on less spatially explicit approaches,’ says Dr 
Hobson.

The Monarch Butterfly

Dr Hobson and his team applied their isotope technique 
and expertise to investigate the migration of the monarch 
butterfly. The butterflies travel thousands of kilometres to their 
overwintering areas in central Mexico, using nectar from plants 
to build up fat reserves for the months ahead. The butterflies 
rarely feed on flowers during the four to five months they spend 
mostly dormant in the overwintering period. As such, all the 
fat stores they need are obtained before they reach their final 
winter destination. 

‘Understanding where monarchs obtain resources to fuel 
both migratory flight and overwintering stores would provide 
new insights into the migratory strategy of this species and 
subsequently to overall conservation efforts,’ explains Dr 
Hobson.
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It was previously believed that monarch butterflies obtained 
most of their fat reserves in Texas. However, in the autumn of 
2011 and 2012, the fat reserves of monarch butterflies in Texas 
were lower than average. Drought conditions over this period 
had limited plant growth, reducing the amount of nectar the 
butterflies could obtain in the area. However, by the time the 
butterflies reached their overwintering area in Mexico, they had 
accumulated the expected fat reserves to fuel them through 
winter. This suggests that monarch butterflies actively feed 
along their migratory pathway up to and possibly including at 
their Mexican sites. 

Dr Hobson and his colleagues approached their investigation 
by first demonstrating that isotopes of carbon and hydrogen 
could be used to determine geographic origin of the plant 
nectar that the butterflies were feeding on. The team then 
applied this technique to wild monarch butterflies collected 
along the migratory pathway and at their wintering destination 
in Mexico, demonstrating the continued feeding of monarch 
butterflies during their migration. Their findings emphasise the 
importance of nectar availability along the entire migratory 
range of the monarch butterfly, especially along the final 
corridor in central Mexico that leads to the overwintering sites. 

The study undertaken by Dr Hobson and his team took place 
during a period of drought. As such, the researchers suggest 
that the dynamics of feeding and fat storage is likely to be 
different when measured in years with different climate 
conditions. They suggest that conducting repeated isotopic 
investigations annually over several years could help us 
understand the response of the monarch butterfly to different 
resource availability. 

Understanding which nectar sources are important under 
different conditions could help conservation efforts by ensuring 
that alternate nectar sources are protected and enhanced. With 
climate change likely to result in an increase in the frequency 
and severity of droughts, this may become increasingly 
important for efforts to conserve this charming butterfly 
species.

The Globe Skimmer Dragonfly 

A less well-known insect species than the monarch butterfly 
– but with an equally impressive migratory system – is the 
globe skimmer dragonfly. This dragonfly species migrates long 
distances and has been found across the entire globe – hence 
its name. Despite much interest and many theories about the 
migration of this species, reports have mostly been anecdotal. 
This is largely because GPS tracking technologies have not 
been downsized and refined sufficiently for use with insect 
species.

Although the globe skimmer dragonfly’s migration is not 
fully understood, one theory suggests that it undertakes a 
circular trip from northern India through east Africa, on a 
journey exceeding 14,000 kilometres and involving multiple 
generations. The dragonfly can complete such an epic 
multigenerational trip because it is well-adapted to breeding in 
temporary waterbodies. This allows it to avoid many predatory 
species. 

The globe skimmer dragonfly overwinters on the subtropical 
Japanese island of Ishigaki. Although it is found in Japan 
every summer, it is not known where the migrants originate, or 
whether any of the Japanese population are of local origin. It 
was assumed that early-season individuals – recorded during 
April and May – arrived from further south, and later-season 
individuals originated locally. 

Dr Hobson and his team used isotope analysis to investigate 
the dragonfly’s migration, confirming with scientific evidence 
for the first time that the individuals arriving in Japan in spring 
are immigrating from southern Japan. However, in contrast 
to the prevailing theory that individuals recorded during the 
rest of the summer originate locally, the team’s results suggest 
that these dragonflies are also immigrants. Locally produced 
individuals were only found much later in the season and were 
much smaller than the immigrant dragonflies. 

Dr Hobson suggests that further investigation of the isotopes 
found in different geographic areas could help scientists to 
better determine the origins and movement of the globe 
skimmer dragonfly. For example, spatial isotope information 
from rice agriculture in east and southeast Asia could help 
determine origins of the dragonflies originating there. This 
would ultimately help us understand the life history and 
population dynamics of the species. 

‘Our investigation underlines the power of combining stable 
isotope data with other information such as wind speed and 
direction, arrival dates, and body mass to estimate origins 
and to understand the life history of this and other insects,’ 
concludes Dr Hobson.
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